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H.EPORT m~ THE ~IEABILITY2 POROSITY 2 Mill OT~R PHYSICAL 
PROPBH.TIES OF A IllUIvIBERe OF ROCKS AliiD Mn~ER.ALS. 

Report No.1 g4W1 • 
Plans ~o. 1010 to 1014 inclusive. 

INTR.ODUCTION • 

. ' . 
This report is vlri tten primarily to present the 

determination of the permeabili ty and porosity of a nurnber of rocks 
and minerals 9 but it hns al so been consi'dGred--advi's'able to give a 
brief de script ion of the cliffel'ent kinds of apparatus de signed and 
usod in makinG the detorminations • 

The materiClls on Ylhj.ch the tests were carrted. out 
incl uclecl a suite of spe'cimons from No. 10 boro, Lakes Ent'l'all.CO 9 tvlO 
specimens of limestone from the shaft. 'which is being suru:c at Lalws 
Entrance, a specimen of sanclstone frorn one of the bores at ~oma, 
Queensland, and a number of Australian dintomites. 

The method. of pro seJl.~t9-.tion adopted in thi s report is, 
firstly' to describe the ~ppnrntuscS~~S9cl in making the c1eterm~nations 
and the techniClue. adoptod· in l,)l'epnl'"'ing the, s:peci,mons for testing and 
secondly to discuss the re~ults obtainod for each set of specimens. 

. In ac1clit;ion 
already ment ioned, ' a'nu.nlbor 
mado on Ylet and dry ,sOlTIplo s 
trance. 

to the permeqb~l~ty and porosity tqst~ 
of tests of compr.cssivo strength vJ'Gre 
of glauconitic· saneL-stono from Loke s En-

, 
Tho wl"iter v7ishes to acknQwleo.go the assisto.nco. givon 

to tho invostigation,by, Profossor G. R. McR,oa, Principal of tho 
Sydney Teachors r Colloge 'who mado available tho fo.cilities of tho 
Collego workshop. Mr. R. CullQ1.1 ... ,b,f .t.g~:cy!_g£l{s_hop,,~tqf'f [;lo.<le tp.o . 
mocho.nico.l pc,rts of tho o.ppo.ratusos and the dosign of tho modol· 11 
samplo holder \10.s lo.rgoly, iti:fluenced by 1-riB helpful criticism and 
advico. ',,,," '. '~::. ._~ • 

. , AcknovvlodgOD1c:Q..t;J;i;s -du.o Ci).so to Mr. L. Thorn ton" "Rop.ds 
and Bl'1ic1gos Section, DQpartmG.nt ,of tho Into.l ... .ior for permiSSion to use 
tho diumond drillinG mo.c,hd;no, ,for prepO"ring the; to st S81i1ple s o.nd, '.' . 
othor mo.chinos used ind.ctormininE;; the compro.s,givo stl'1oneth of ,tho 
gluuconi tic so.ndstonc.· .. T.h£;1l1ks .nro o.lso d.uo to,.Dl". F. W. Cloments, 
Dire ctor of t ho COll1110nw~0.1 'th,:IP.st i tuto of Ar;to.tomy 'who l:lctdo available 
somo of tho o.uxilio.ry apparo. tUB. usod, in mol<::;ing the c1otOJ,'lmino.tions 
und calibro.ting thQ pOrm90.W3~61·. florJTI}eter. ' 

APPARATUS .AN1J NillTHOI)S USED.· 

Ie Permoo.bilit4 
" 

Tho apparatuses usod in maldng tho pormoo.bili ty and 
porosi ty determinations'vrdro dosiGncd;':" by tl;le -~1r~tor o.nd YlOre con-· 
structed in tho vrol'lcsh::llls":,bf thG ;-Syc1nC§y- Teachers-' College. 

- "'-. -,- ,- • 
, TV-fO scpo.rn.to+ apP'D.l'1o.tuses ',78ro - used, in tho permoo.bil-

i ty test s. They o.ro' simtldl" _in principlobu'C. diffol' ih tho wo.y in 
which tho san1Dlo is hqld b.nd 'in·tho c~)nstl"uction of tho flo-wmoter 
and manometo·r. T hoy,;\'Ji1;l be rOferred to 8.S "J:jlodcls I o.nd II permoo.-
motel's. ., ,,' , 

" 

A. Model l - l?cirm;8g;neter .' 

.' , , ': Fig. 1 ,$1'10\7S tho. gonorfJ:L layout of' the permoometer. 
It cons:j.st·§ of (il) D. sample !lolder in,'Jirhich, cylindl"ical samp19s aro 
held lmdor, cOEl:pr·oss,ion· in n tctp'cil'1od l;li.bbor .s,topp,or, (b) a flm-rrnetor 

- - ..' - - .. --- ',' '- - , 

" ... 
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~hG uc:.n,x.1c~teJ;f:;:::O":CQ ·filloe. \Ii tIl '.:·i1 of· lorr vcr:/oUl." 
j)l"'C Sflu.r0 ~'.nCL of' spccii'.i.c gl"cvi t~l 0.865 • 

. ,1~ l'l,o ~~!,:Q teJ:(1 i[~l -c () lJO O::Cl!·.1:~r'~(,;l1 . .'i:J ~ il'" ;.~.!c·, s':~ t1J.l"1 c. t OU 
"1I-/it11 -:lc."t(;r. It is ~c]-:()rl racLn1tc'cl 11'1. .r~t cJ..iQr1~:)~ .. 1.(: (lri:L~Li,(l~~ t:lo..c;-2.ir'!.u [,.:11C.1 n 
cylinQric;r~l cero oi' CLnmoto!' c.'.):)r ::::iD[..:.tul~/ 1 inc11 is cut f:c'OLl it. Ii' 
tho saraplo 1)oL1t3 Yl'OI)::'..Y'OcJ. io r:rGl".:.'.t:Lf'ic:;C .. the c.xL:; c;f· tho cor\..., i8 undo 
1)(:0:>;::.11o;:L~ or nOJ."'r;1CLl~ -Co, tho ~cnur;:(L boc'lllinL;· clo:()cndin,:.: on ';/;lOt:1GJ:' tho 
J;lcrr;~onbil:L ty in tI'lc L.ircetion of', 01'1 [lorne,l to tnubodC.:.Linc if.) to bo 
(L.;tol'1uino<l., 

Tho cor08 are thon cut into c1esirod lenGths (fl'OEl 
0.5 to 2.0 elil.) b:{ raonns of' a Imcksmv, mounted in' a spocic.l hCllclor 
(soo' Fig. 3) Cl.nd tho onds mado f'lnt nnd n::>l"wll to tho 'nxis of tho 
COI'O b;y~ [lOanS of COarso onorJi" pa.P01'" or a COo.1'SO f'il0. _, . 

Tho proparcu. G,.';,l~?lo s o.re thon thorou[,;hly dl"iod in 
n hQt air avon at a tompera tlli'o of' o.p·oroxino.toly 1500C • If' any 
[',PPx'oeiablo qunnti ty of' ;)i1 is pro sont in ti10 samplo _ it must bo ro-- .. 
l.l'Jvod by oxtraction \7i til rodistillod, benzeno or othor sui tablo 
sol vont. An 0.])PO.1'" 2. tus ~'lc..s construc tee: f'01" forcing bonzeno tlll'ough 
the snr:1plos f'0l'" tho pur:;!oso of YIClShing them, but it rlTC.s obviQl..1s f'roD 
tlW' lo.ck.of' q.iscQl,OUl"lntion .. of' tho omercing benzono thc~t no approc­
io.blo qUnl1 ti tyOf. ·piJ,',.VIa~ pro sont in ,tho sor,lploq so treCttoc1. 

(b). ~!iOUntin0 thc:Sawplcf'or Test:i,np:. , ' ~ ".' 

.~.' . '. ~ 
' ... '.' l' . . Tho design of' the model I .sQl11~19 :holdQr f'ollo;'[s 

that described "by H. G. Pylo and J. E. Sherborno ~ 1939) .~1}·Tho Q.riod 
cylind.rico.l sai.!lplos nro r:10untOcJ. by l)ushinc; thon into ti10 cylindrical 
halo, (cl;in(l1otel" slightly 10 ss than 1 incll) in c. tnperod l"ubber stopper 
which' in tUrn is mountecl in the t:jporoc1 "brass sleeyo .of' tho sQJJ:91e 
holdor.. This sloovo is thon soatod on tho rli.bbol" gasket in. th0 
base,ot ':I;;ho ,holder nnd· C[11) ,is f'i ttecl. . Pressuro is np:t)liec1 tlll'·JuSh 
the, cbp to. thG' rubber st.opper by noo.ns of' tJ10 COl'~.L::;re ssion. SC1'lOYl. 
'l'hO:·8.ction of' this screw is to :('·)1'CO tho rubber stopp~r into the 
taporod, sleevo~ itt tho: so.l!10 time coqpro ss,inC the rubber IJ.ncl ;::01;:1n5 
a tight 8o,?,1 bot\IOel1 it nnd tho sicks. of'. tho sru:lple. 

Tho dl'l~; inL; tU~J0, LlallOr.lotoro, noeQlo V21V0 :.'"nd 
V;:tCUU::l DUJiTD ::lr'o c·:.mnoctod as S:'.o .. -"n in PiC_ 1 o.n';'~ th\) Upr,2 . .i.'.::.,t1.'.s :L8 
r nnQ.·"T ·l."'-O'" r~1"""J.·'l'1r" ,.., ·l)er·l·l(>·'':'·,·,.)::'f'''t'lr rd·(;+:o·~"~1'i·'l~,t'it'\'~l· : ..... v(,..l,. tY .J.. ct.J,,}.,, ""'L"I (,A • ..L; • .....,Ci.IJ..L..a..J.." v '&'4 ... __ (... .. _..,)J.. 

(0) ROL\c.linp;. 

, The VaCUUli1 1)\][11) is, now stc.l"tc(l ::tri(~ tl;c: :'l00cllo 
val vo ~djust~ll. 1.Ul.ti~ tho 'Jil l~'7'O"l, (H1) in .. tho ,le:t;t 11alt~l. r:1c.~~m:K; tOl" 
tUDe !'J.SO:J no·,),L"..t 2 J.·ncho;.;. Trw 0::.1 lS !:1Cu.l1tal:nc l .. L at tL1l ~3 .LC{I(ul by 
l:1O.n~In.1.lIit~1}C; the nooc1+0 vc.lve while;; ~~ll~. 1()vol-~)11 ,.~I? 0:'lCl E3 Sl;l"'~. 
r0D,',2. •. TnJ.s DI'oce:s;:; J.3 l"Ol:;oatoc~ i'-!J.t~l 1i c~t cLJ..Il.Cr~::;ilL; J.evel..:> .!..I~Ol.1 
o to tho r:nxiiil'lUil obtc::.inablo.. 'l'hob:~~:irll'lU:1 :/~)·kl.innblo rlcnv.:;n::L.j on 
tllG roacting It-7. 7ih:l:cll is t:.;,1,·:rD.;1s 2'rc2..to:~ than F~ .'tit 2..1-;' :::;:i'ulil1.t O .. o:}onCLing 
011: ·tho rate or :Clo'i\' and honco tho <..11'0:0 iI;,~,:'lQ~suro th.rO'-1.l::h tL1>-) 
c~J."pillinry tube. Tho appm .... ['.tus is ~:)l'lovhLod v:1 t!l intor'change;,:.,'b10 
c:()ill:'al"y tubes so th,nt 8. Hide l"'[LTl~:;iJ of' l"ntG s:;:C i'lmt can b<.; 
Ilf!.11(11oL:' conVOni01'l tly. __ ~ .. ~:-..: L, ... ,~. , ,. ,~'- ~i" .:', ,_: 

; '. Tho s1',12.11 D·-tubo lii8.nODot·Q:1:· mdunt0 ,c1 .n-'v t. ho t01) 
ci' tho dl"'yinr?: tUDO' is ~bsorved ·'f·J:'om ti t:1(;). , t·o·t·ime to Lla1~e sure thEtt 
tL10:L"O i8 ~11',) i~1.:t·Ui) in l'J:'OSSlU"O' nci .. .Jss thoQI'yint~ tuJe. - Tho .rc.tos of 

( 1) Rofo1"'onco s c.t t 110 onLl 0:(' t :10 rOl')Qrt. 

,. 
W' 



... 

" 
florl gonerally observod are found to be too Imv to Co.uso renclinr,s 

~ ~?t,h,or~h[ln ,~oro, o,n thi·s manometer 1I 

Tho, vacuum ',pUli1p usecl in theso tosts is D. small oil 
pump, but thi s, pou~c1 be :replacod by a wator jet purap bocause tl}e 
vaCUU[,1 pump need only provide a vacuum of o.ppl'loxir:1CLtely 10 cm. 'of 
mercury at a lovi pUl:1ping rate to provide satisfactory V{')l'll\:inc: condi t-
ions. - . 

(d) Cglculati,o,n of, Pormoabili ty from thQ...Beadin,o;s. 
it' 

Providing tho flow' is 'stroamlinod', the rate~ Qg 
at which a fluid. yJill floVI throuc:h an area A doponds on:-

~ 

.( 1) The m"eo. A. 

(2) The thickness of material t. 

(3) The pl"essure difference ~ 1-P 2" 

,(4), The viscosity of tho fluid N. 

(5) m0. a fo.ctor charactel"istic of the specimen o.nd 
co.lled its specific porLleabili ty (Ie). .., .. , .. 

Those parameters are connootod by the folloviingexpress-
ion:-

(A) K ;:: Nt •..... .Q. .. r: F.j=P2 

,In the case -of a COI111;lrdSsible 'flu:I;'d (air)' tho rate Qi; ", 
flow Q must be expl"'essed as the 'mean' ,rate of' flovi wi thin the specimen' 
(usually written ct). Q is determined experimontally by measuring 
the drop in pressure across the capilliary tube$ i.e. ·by (H'l-H ). An 
initial calibration: gives' the 'Values of q corr.espondine to Lliffero.nt_ ,j 
values of H'l-Hi • This 'calibration is made vri th the inlet ondof," 
the capill.iury tube at atmospheric l)ressure, i.'e. H1 ::::0.- The 
values of Q. obtained experimentally' must be adjusted to the mean, 
rato of flow Q. ' by moans of a correction fQ,ctor vvhich' dopends ori the ":, 
values of H1 and H3 • 

. The drop in pressuI1e(P1-P 9 ) across -the sample' 'is' 
determined by the reading Hi (H2 being assumed zero) becc..luse Pi ;:: 
atmospheric pressure ,; a~d :r;'2 ;:: a'Gmospheric pre ssure - Hi. inches "of 
oil. ,,', 

If the flow thI'ough the specimen is viscous (streW'i1-
lined) over the observed range of values of H1 then n straic;ht line 
will be,obtainod by p,lotting Q aGainst_Pi-P~. Conversely if ~ 
straight ,Ii nc is ol)tained by plottinc; Q aga~nst p .,-P2. 'th~n tho flow 
through the specimen is strenrnlinod anu the ytolatlonsh~p (J~) can . 
be appliecl. " " '::",'". " 

, " t '':. '-:::.. ~ ,~' . ,~ 
" 

In practice it is found. that si,lnll experimental 
errors arc llresent and a 'mean' st:htic:ht line is':d:rawn . through the 
points. Tho slope C)f th~s t 1119 an ! linois used, as the 1J~ t irnnt.e 
value of Q/Pl';P2- 2 If Q_is.gxpl'lessed cc/soc.,·P~-p? in ntmosj)heros, 
t in cm., 'A 'in em anc1 Til ~n centipOise,' then 'K ,~cctJrding to , 
equa tion (1.) is in darcie s. It is uaur1.1 to eXlxre ss pel"'lJloCLbili ties 
in millic1arciGs Dnd this practice hasPQen.t';Ql'lQ:W..c.d..~ 1.n c:::-DrD-f;,g·ihg' 
the results obtained in this investie;c~tion. Pig. 4 nnc.1 tho 
~abuJ.at,~on accompa1tying it, r01?l"esont 0. ty:pical set of rea~1inGs and 
~llustrate the method of vlork~ng. out.: the results. . 

. 1 '. . , 
I ' 

~t, Moqel "'11 ,- p'erm,ef?Jn~t.e_~ ',: .) \ .' 

This apparatus ,;L,r:; ident~.?nl ·in principle wi th Model I 

.' 



but the GC.Elplc· h,)lclcl', 1'1 oml1O t 0::"" , "dl1l~.i barron~·tor do signo ,~ro C~if'f'o~'~)rit. 
~I~lis porr.WDIlotOl" if:! 'direct roclc1inc;"1JoCL1U'SC' tho prusm:u.'ci cLi..f'f'c:r.~]rlco' in 
,~t1110SpflOrCG c.ncJ. tho J;'2to of 1'10'.,; in cc/soe., aI',') :.:ivQn ll.il'cctl~'i iJY 
re~l.dinGs on t he; o.~.))r·oj)l'i:d;(; 4calc s. ," P~.c:. 2 il:~ustrQtoq ,tl:lO CCi1qr~1 
sot t1.1). . ~ ' .. 

, , ' 
(J ~ 

(Cl) The 8anplo }IoIclo:..'" • 

cylindrical 
:i'hu sunplo h-:.,lCLcl' i [j do siGnod to, mount fl'Jll',?vl 
t 'J . 5 Cii-lS. : in, ;~~ j:ai-,w t (; J..':' U1'ltl" 5" C[18 •. ion~-;. ' 

Tho, 8(.."J.E)luI'3 a1"O u(.[:ltuCL on .ri:' 'sc)ft, rubbol' 
:;nskct hnv:i.nc· a cO:1trc.l' h'Jlc coincic.1in~i'~,[lth tho ['Xl' 'Jutl'et. The 
top CJf' tb.u SQu:i:")lo is 0',')-')'01"00. by 13. sui't :,,'ui')bcr ~::[l8.' ,:ct (,nd. l:lOt[;~l eli s1;: 
:m ij:rhi eh the c'')lT1prc. G~Ji :)Yl 8C:L'C'iJ' b ,) U:':' fJ. P rU;f: U1'0· . i G c~:.r:)l ioC. !Jy' dU <.ms 
of' ti1:i.fJ scrow and: tl1:::; sar.'ll?le if) l:,c,lC1. f'irnl;:,' ';)o·c':(,.;cn the ::sc.:.Luts ill 
.such D.' way that nc' lc)c.~,~ClCo cnn JCC1.J.r l:J()tv[oon the L';t.~'G.i:ot:c~ ~".n(::. 8;_~i::lJ.Jlo • 

. ;). sr:1i.lll bell-j'ar "co':'cn's tho l'il~untocl' f·)~~i.",:plo end 
pr'usF3uro scrmV' [,n(:::' ;',1<11w S 0. r;as-t:i.ght soo.l Vii tb .t ho .8ClJ:lplo holdor helso 
plate. Illho air JI v{l1ieh f'lc)YVS through the so.ml?le 9' entel"S tho 81)[1.CO 
oncloGod by tho boll-jar thrOUGh a tube let intot)1e base plr:.to us 
shovm in FiC. 2. Af'tor lX;\ssil1/j thr,ouch the S21ilp19, tho n~r is clro.vm 
throur;11 tho outlet tube in tho centro of' tho lJase plato and pussos 
thl~ough tho floVllil0ter. 

(b) Tho Mnnol11otor • .............. ..-..; ...... =.0. ___ =-_ ... , 

1-.. U~tubo il1a~TQm.ot6:r. ,of special design is conn-
ectod o.crOSG tho inlot und outlot sio.os of the samplo holdor. The 
LHS of ,'the l:1ClnOnlote:C' comprises 1.5 cm. diam. tulJo, conn9ctod ut its 
10vi0r .... end to, th'e reservoir (c.Ham.L,. em.) [:lnLl al:s,O,c,on,Doc,tcd nom" the 
top tty'tho <lry'inc;,tubo and air intake. ;", "",,"::,\ 

, :~ 1. ' . "<, ' '>.;) , ... ".,~ 'I '.' .! I: • 

. ' . '."", .' ~', ',The ;RHS tube is 0'.5 cm. d:tillil~>'but" isbnlaraod 
to; 1.5'cm~' ·dianl. vvhoro, i't Joins tho out1p't' o( tho ,s6n1p~9" lj.oic101'' end: 
the connection'to the f'loVll11eter. Tho ,mcinol~loter 1-s fillocl",wi-th oil' 
of low vapour·pressur(jo.nd~of S.G.0.865~'; Tho' scale on,ti'lo HHS is 
cnlibrated directly in etmosl1hores C'.l1cY represents tho' drop in 
pressure across tho S3.i1'iPJ.o "1)J1U.or test. ",', , 

(c) ~hG ,Flown1Gtor.. " 
d 

, I . \ ... ' :' 

• • . , .. r ',This pb.rt of ~ ho .:tYl)ar~t\is compri$os, a co.p:1.11-
iary tubo conn0ctod' across' a dlff'erentiul -r;lnnomotol". Tho i'l1dYlO[1Ctor' 
is filled vlith oil (8.0-.0.865) nnrl tho scnla on tho RES eives 7 

Cliroctly the r::.".to 'Jf 1'10\17 in CC/80e.;, "". , . . . \ ' '. '-

, 'I i' .;. '" ') l' '1 s·,.:· "".,,~. ',' -".t; (' r, co c."x' "1' ,b u·'·("i ' .011l1 c; r> ;'1 " I' 0"" '1_ -L_ UL.!U !. U.l. V_L.I,l .. .LL .-'"'~\. ...... "').,.,; ...,_~ J.. - ),.J ....... (.~ __ v L.\,L .. 

ing of.. the' flow-motol" 1;3 D.IJl?r6X;j,qE:~·t;ely. D lnchoflD:L', o;:LI COl"'l"':';fipc;n(L:i.nl~ 
to a "flow l'nte of 1 ''0:0/ soc. . .:l'h1s 'l"~.n::;uicJ' . f31.U'fic:i,'ont; fox' I)Oi."l:lU- . 
abilities up to 500 m111hbrci"Gs '\·j'l.L'1j"i'~)r vL".1'11(;f:j ~:r0c:t(h" tho.u ttl,is a 
secund f.lowmotol" ronclirq; 11J) tu 10 (;c/i:.->oc. \!oul(~. b'o nOCO[:l8[~r;/. ' 

Tho noedle volvo. . .=-... --~~..---.. , i 

t,' ",' 

. ,. In (·~\r;'~;~l' 'J'n', tl:'):i':.:, .. ..,·,)·""~.·"nt11"'" ,']l·f·'l.(.>DVI,r.. f'''om, Model 
..}J::'V..., c."JL ,~":.-',~~ .LI..c,.£:'t.l.f.c... .. ...... ,J. l..!. .J.. voL u .&. 

I inthc (::i.iroct Lm: of' thu i'lo'.:/' of', air, tlll'1ouCh tr,w 'J30l'l.P~O. ,Thp, 
samplo q L'.ru IJ1"U')C',roJ. in [~ l:lnID10r 'sirl1ileJ' >--E'J't~1C.t do scribod 001'01'0 
except that ti:lO cylinclorf.3 ;'11'8 cut int·J lonc;tn,;> .. ':Jt,.tr,{)ld::,2.'.tG 3., C.D,., 
ana. thIJ un(ls f'i10d f'l::,t a.nt1 parallcl t'J thu a'5fiS· .. ·0f' ...... tlio .. "cyJ:rncIol.;~· 
Tho. samplo s . Cere t £1011 l:1q~,m ted . ~n" a .. J..n the, ,un9:c ,E,l ~~!.Jl0, (d.inm. nbout 
7-8 ran.')" drillc;(:~ thr()u~.;h' thou" . 'T hu r::rurf(~eo s of thi fJ holo l':'.rc 

!, 



... 

.... 

rouGhened by menns of conrse er;1ery':J?:g.p'.~.:g~:j;g,:.,.reJilQVe .. any. fine .r:1nterinl 
. which t:1ight cloG the pores nnd, nfter .. drying, the snmples nre ready 

1'01" mountins:~. 

-."'; ,: ,,:,.:::.'. ,y '::", It' 'VlilI be nppreciated thnt. the nir' floYf in thl s . 
cnso'is 'rndia11y invvard. EoI' such n .(:.lil"ec.tion of f'1ov~, the", express-
ion connecting the permenbility (K) with the dimensions ,of the 
sample, pressuF'0 (~iff~renpe? 2nd l"nte ,of ,flow is as follows: ... j--t -~ 

., '( B). K := Q N. r1 . ~ 'U' .. . ';'J: 
211' t IpGo.e ~ . l:\1 '. _. ..1J 

Pi. - P2 _~I- ' .... .-

YJhore' K, Q, N, t and P1-P2·, have tho SC'XlW meaninG as in eC1Uo.tiCm ~f~) •. 

The pl"ocedure o.doptod in teJcing roadinGs. is' similar 
to that for r;10del I, the values of Q and (P1-P2) being givoJj.'di'r.octly 
by readines on the appropl"iate scale s. The vo.lue of Q obtained l11'ust 
bo corrected to tho value (1, i.e. the moan rnte of flow within, ~he' 
specimen, the corre ction fnctor de:hlondin[( on the .value s of; Q' arid 
(Pi-P2), . . .... . ...:. 

. As in. tho provious cnse,. valuosof Q·"are ploti!ed , 
aGainst (Pi-P2) vnlues •. ' A straicht-line plot roprosents streamlinod 
flow anc1 hence (B) may' be appliecl. 

. F'ig •. -5 ropro sents n typ'icnl set of 're['.c1iriS's ,and plot 
nnd illustrntes th~ mothoc.l of i,lOl'king out results,' 'It 1:ill·'be! ' 
noticod thQt th.o stro.ic;ht line (h"ClVm tl1rouGh~ .. the, point·s on ',the ". . 

. Q. graph C.peJ3. not, pass ,.tl¥'_Duc;h,tho OriG,:i:l~' •. ,: Tb.~s: ~is(1tW ·to ··tP;?i" 
Pi P~ . c .. •· .. ,' 

f'lo;vmeter. hc:ving :~ sliGht, ~o,~o;~rol" ~\7hi.b h~WO:b 001"~6dte'd for l~t:cr' . /"! . " ~. - .... " \ ;, te st s. ' .' . '. ," "':' .: ,\ .. ., 
" . -

, \,"" .,,!. 

" The p011l11eClbili ty .. (K) f.0'llow·g from :t·iw p.pplicat·ion .' 
of the equation (B)~' the li18an slope of the. graph b,oi11G lJ,SGQ. 1'91' the 
val,v.o of . Q. '. ',.;,.;I.I..~ .,J: ~ " 

P1-P2: . .'. . .: .. '; 'c 
, " 1., .'~, , f :i " 

I~. Por.ofiity .i:":2:l?Qrlltl1s.,!. 

Fi:~·.· 6 l'oprcscnts the laYout of' ,the{ porQSimoter,.· " 
Tho apparo.tus C01j1l11'isos two" glass vessols of ~;;:l1ovmvolumes Vi and V2 
conneoted by Ct class tap (3 mn. bO!'o) ,/ . ,.' 

The uppor vessel (Vi) is a cylindel1 , approximcitely .. ' 
2.5 cm. in l1e icht.9 2.5 cm. in 'c.1iametor,. t'Gl'minatoll nt its upper 'ed'ge 
by a ground glass flc:mce. It cm). bo sOTtled 11Y moans' of 0. plato, 
glass cover through 0110 ec1ce of Ylhich a' small hole hns boon drilled. 
The soal iSli1ac.le 'airtight by .applying n SElonr ,:!=>f vaseline or vnOUUl11 
sreas.e to the ground gIClss flanze. Tllo volume enclosec1 betwee.nthe 
glass tal) and ·theplate glaas soul is cnrefully measured by filling 
tho vessel VIi th Ij1GI'O'Ury, npplyinc; the covor plate and QJ.l·owing tho 
OxcQss .. rl10l'cury to escape thl'OuSh.tho.smul1 hole • .: .. _. . ' ' . . -.. --. , .. - , 

- \ :'.' .. '·1 ~ .' .. "', .J." .. ,t" • , 

The volul:1e of the lowervossol, betvrGen the glass tap 
o.no. is also earefud-p.y·: deto:rninell,-' ": .. ;.';' ,~. ,:" ' ........ :~~:. ,,:, :;:';" 

The 10YlOr vessel is attachec1 nt its bottom end to a 
manometer' tubo 4 mn. c.linlTl. o.no. Clpproxir!lntely 30 ineho s lonG w:h;i.qh. in, 
turn is connocted o.t its bottom end to n secondno.nomo.tE;l!' tube UpP1"OX-
imately L~O inct10 S 'long (.1)1,$0' 4 mn1., 'cliam,.).. ThE;; 1 JL'.nOr:1E3tc'r tubos, can 
te filled wi':fl1.~'-I{lel"eurY frOEl 'the f.1eroury r'cservoir which is ['1ttached to 
their lowor ene1 by Deans of rubbcI' tubinG_ ,The f:1Crcury reservoir -is.': 
mom teel on 0. slidinG cal"riel" vrhi,o·Q .. i S':'fittcRcl'\vitl1 n clarapinG sorew ana 
levol ael justr:1ent sox'ew. The lencth" 'Jf t hci sl'ielo is suoh that the . 
reservoir co.n' be elevatelL:t'M~Cl he.ic;ht slic;htly·ilJ,.:oxcess of,., that"o;f', ... ;, " 
the upper vessel anc.1 10wer'c'(L \ to t118 b,ti'se of tno' nppo.ratus', ,. ". '., 



-.. 

6. 

Cylinclrical Sar,lI)J.e s 8.l'0 ~;re1?arec1 in tho l3aLl0 
r.1CtnnC1'"' as f01'1 tho :;)ol'11:1oo.oili ty aoto:-er:line.:tions. Tho u1Jpor vessel, in-
to which tho san)le is r>litccCl for tostinc, will, lJorr1lit- tho usc of 0. 
s8r.lplo 2.5 Cl:1e diau. by 2.5.cn. in hoieht. 

Tho lO\70r vesscl if:; fil~st evacuated. This' is 
~Lonc by rai sine tho r.1crc1;U'y ro sOl'1voil' unt il tho I.1erc'l.lI'Y rises t hrou:::;h 
the lowpr vossel and 1'O[lchos tho 1J>?lse 0:1;' the; tap. The tall is then 
bloDed and the r.le!'cury l'1DGOrvoi,r 101;101'00. to its 10'iilost l(.v~l. In ~ 
doinc~ so, tho level of tho l~leL'C1..,U'Y in the lOV/C1' vessol is 1.1[',(1e to 
fo.ll'ibeloVif thezer'J [;121"1;: on tho LH3 L12,.l10r~ctl,;:lX' -tube an!} a v::..~cuun is 
createJ. above' it. It is conor:J.ll~l found that a certain nr.1Cl,'.nt af 
air adhere s to tll() :~;lanD \-ralls of the lO\loJ:' ve ssel Cjlc1., thi,s' air is 
yielded 1J.p u::'ion tho evacuation of tIli S vOEJ<301. Tho ,Jercury 1:'0 servcir 
;is -raised and 10".verec1 0. Yl't..lmbor of' tino s (t.he to.:p r.lOa'l"i!hilc 1:10r.1i.?-ininc 
clqsed) to"CLssist: in tho;"olir.1inc.tion of tho I adher·j.n~-st, atrano. fin-· 
ally the level is raised. onco [;101"01' the t.J.]? opcmcd unci. any air 
collectcd is pushed through the tu.:;) :Lnto the upper vessel. The 
!;1t.H'CU1"y level is ad,justed so t11ut tho [;10rcury f'ills the halo ,in the 
tap without entering the upper vonsel. Thc tap is noy{ closed. and 
tho l'tGservoir aGain lovlcred. until tho me1"1cury in the LHS manor:wtel'1 
tube· stands level with the zero mark. The l'1eading~ on ,tho RHS , 
manOl!letor tube eives thQ atmospheric p1'1essUl"le in inches ~of- : mercury. 

The san~le, after ,careful dryinG, is placed in the 
upper vessel and the vGssel sealed by placing tho covor plate on thc 
Groun.d Blass flange which has been sl~leared. v7i th a thin' coating of 
vaseline or vacuurn grease. The cover plate is fil"st fitted. so that 
the hole ,connects with the upper vessel, tho cover p1nto pressed 
firmly onto its seat and thon slid sideway s until the hole no longer 
connects Vii th the -uppel" vessel. If an airtl.7,ht seal has been made 
the vaseline Dl" vacuum creuse 'Iidll appear clear and free of air ~ 
bubbles. ' This p1'1ocodure ensures, that tho sQ).:11Jle is soaled in the 
upper vessel at u.tmospheric, pre ssure. 

_ The ve ss:els are now interconnected by means of the 
tap and the reservoir level adjusted until tho mel"lcUl"lY in the LHS 
manometcr tube is lGvel with the zoro mark. 

Ovlfing to tho air frorJ the UP1Jel" vessel _ eXpandinc 
adiabatically, some tillle is requirod for tho temperatures to o.c1just 
themsel vo's. Ono hour was fOU11.d to be noce ssal"~T vrllen using solid 
c.ylinders, 2.5 cm. by 2.5 cn. 

Let Vi, 'be the volune, of the upper vessel. 
V2 "II H "" lOrlor " 
Vc,o "" " ;: II SJ)OCiiilOl1 (obtail1CJR. "Py rll0a;::u.polill..mt). 
Vp II" 11 "" air srJaccs 'T,ithin tho S'DGc:;'mon.. 
At II II atr.lospheric pro Dsurc in inchc sHes. • 

(.h.t-H) " II, final lJrossure '.111on tho tHO v(;s~301s al'"'einterc'Jnnectocl 
, and tODj)ercltures adj:L1.stod (in inches of' Eli). ' , 

Buforu intercollnectionwE:; havo u volume of air oqual to CV1-Vc) it Vp 
at, o..tmosIlhoric proaEl~e,. 

J. .. ter iftercont1;ccti;o,n 'ao havo n volu.me (Vi-Vc)' '+ Vp + V2at a press-
ure O;f' A.t-tf). , 

.' . , 

Bt'Boyle s L9;v~. 

t (V1-Vc) + Vp l At = t (V1-Vc) .j. VI' .-hV2l (At-H) 

.. 1 ._ 

'J:hc "Pwr.ce.ntp"p;e .. "Qorosi ty is ' 
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:.llI;, Re'sults of,Tes,ts. 

A. Glauooni tic Sandstone, Bore 10.1....La,kes Ehtr411ge ;i . 

, ,: The 'accompany~ng tabulation set s out the .resuJ. t ~ 
of permeab.ili ty, pOl"osi ty and streT1;gth tests rilacle on, ,a ro?resentatJ.~e 
suite of speciE1ens fl'lom No~ 10 bore at Lake s Entrance, Victol"'ia. 

Tl),e ,bore log compiled"byJI. G. Raggatt alia. .J.' W·. 
Bipney is given, in the f,irst .three col,urms. The 'fourth co;t.um:p. ' 
gives the dept h frOl-:1 which the specimens used in the test wer~ \ , 
taken. The fifth col ur!ln gi yep the distinGuishinG number appro'pri,ate 
to each test piece or sample while t4e sixth colunm shows the 
rl1easured pormeability expressed in mi.llic1o.1"cies., 'rhe direotion,of' 
floYl relative to. the be,dcJ.ing is indicated by means of the letters. 
P N or 0 de.pending on whether the rate of floW, and .hence per~10abi~.~l;Y' 
is meaS1.ll'led parallel to the bedc1ing~ normal to. the b~d'ding, or part', ;" 
normal part vii th t he bedding" 

, ThO !folloy,ring col1Jlm1s, are devoteo. to the 1Jorosi ty, 
tileasu,red and. calculateC):, .. apparent clonsi ty alld. c,ompre ssi ve strength. 

,1. }?ormeabili,t;z ~l\esults. ' 
: , 

(a) Previo]ds Detcrm.inAtior~s .• 

li.eferenco can be' fm.mel to tyfO previous determin-
ations of permeo.bili ty of Lakes Entl~ancc glauc(o;Q.i tio sandstone,. . 
I.iO.H.,Croll of the Victol"ian Mines Departt:18nt 2) gives .the res'Ults 
of a nUlnber of tests on specimens from No. 1 Goverl1li1ent bore, No.2. 
Lalces EntranceJ)cvelopment i bore and the No. 1 Kalimna bore, Lalces 
Entrance. J?or tq.e location of these bores soe Fig. 7. 

Permeab~li tie s tiwasurecl ranged from 450 to: (4 ~'" 
millidarcie s., . 01"011 t s ' analysis of there sul t s shows '. an. average. ., 
permeabili ty of 223 m:j..llic1~rcies. along '·the bec1clinG o.nd ,.15 n~;illidqrcies 
aoross the bec1din.!3 v-vith an: appr,Oximate mean permoability 01',77.5 
millidarcie s. ArtGl" c1isc:ussi ng . possi blG source s of el"ror in hi s 
determ:iinationis9 Ol'l0116~oluc1es that lIthe '~ciGht of evidence 'is in 
favour of l"egal"ding the results calculated from those tests as being 
lOwer than the actual perlJ'ieabili tyo II 

The only other reference that can be found for 
permeabili ty ueapwement occurs in Q report by K. \'Jashington Gray 
and I.C .H.Croll ~3). On pag~ ~8~o+o,rence is made to Q test oon­
ducted by Oliver streeton ou· a, spocir,ien cjf'the "normal rock" 
( glauconitic san·dstone). u.si'ni:(LoJ.ies 'E'ntr~rice cruc1e:oil. 'He foUnd, 
that wi th a plate of rocl~ 2 r;J1',l, thick and half .a ·sCJ.uare inch in area 
at a temperature of 50Op. and'a pl"ess"LJi'o differential of hali' an' , 
atmosphere, the rate at ii/hich the. oil, would pass through the rook 
after it had been thoroughly sat~ated was 0.1 cubic ems, per' 12' 
hours. . ' .. '. . ' ' 

, ' 

N ::: 6.25 pOise (by extrqpol~t:i.0~frOI11 figures£;:iven by Croll in Recl­
WOO(;. units). : 

Q :::: 2.3 x 1.0-6 'co/sec. " 
P1'::'P2 :::: .,5 atmospheres~."~',," ~)' I f\ ' 

.') 

t :::: .2"cm. . , . ,,-~; , 

A';; 3.2 cm~ 

we find that K is equal' to' 0.18' 'i11illidaroiB s. This figure di:r:t'er-s 
considerably from Croll's average figure (77.5 millidarcies) ~ but a 
study of the tabulation vlill ShOiiv that permeabili ties' as 10ii~ as 0.18 

'. 
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millidnrcie s aro not uncot II ::.oniJin, tho, 'B'.1.)ocimc1l's' ':Cl"Ot~l liio. 10 Boro. 

( b) Jill s ul t s C?J:;& ~ ~$~i,",,\,,: , .' _~ .. I,f .,' 1_. ,: . 

,,;L' ,', ,,,> :' :, Tl'1e,.ppociplons usoc.l in ,these tGsts YlOl'C 8010c-
t.o.c,t',by,:; the ,Vi(t;:tOl'i[tn JUno D ,,Dc.::):..-:.rtpollt as, J."o::;)l,,'~,~o:r.l.to.ti \';0 .or tho '. 
GID.ucQni~;i.c s,and..E1,\ion8 >l"'ovo(~,i,a l;~;. ,10 Dqrc~ Lalco,s LGnt'rancq. Twenty":,, 
ono SpocH:l0ns were fC)rWQ1"'Cec1~ 01~ \[i1ich 1 D l' 0'J1'" 0 sontoel tho h,').rc~, strata 
in .the, sect;i.on 8.ncL 3 ,tho, soft. ,: T:lO ,,;-3~)0~.iGo:l1f; 0:( 'Chl) :lCLrd s'Gl"o.ta oor,l-
1l1'"'i sod, halt' , so cticmi3 of cJ.ri,l1. COl"'\.,: C.L:J?]P.,tlC)':x:il\~at()l;jT f) L:J;C he s '-in, 
dinmet(;l"" an(l a:v:orc.c;in~;, th1'00 incilC:H? in lO-:1r;th. T ~:oy h[.io. "00811 '::nl;l. t, '';; 
i~1 halves in un axiul -'Jlru1e. - , , -,,~ 1 

) 

Tost Sal:1lJlos YfGT'O PJ:lG::!c~l'cc1 1'l'Olil 211' tile h8.l'(1 
speciuon$ but nono fror:1 tho soft.- :tllo ,soi't uatcl':i,.al' Cor:1Pl"isocl -: , 

,f?,l:lQll lUElpS of.' Ullb:!;,okon J:~ocl-: oenonted b;f (ll"illin[; [lud. '.At'tuupts 
.. re .made ,to drill sQl:1-plos fl~OU tho lar[SGst of tllesp~unps~ 'out t!WY 
OeCW"ile s0li1i-fl uiel auo. c~iGintoc;rD.t(":<l WhGl1 "c..11"il1ing \'.,~s B:tte[~pte<1~, ,:. 

,,' Cyl,inul;"'ical $8.U91es '\ivoro Pl"o};)[ll"ed frOi~l tho 
specimens by moans 'A'. CL diamond (11"ill as o.:;C'pln,inecl ina!l earlier 
section of this l"eport. The accompanyinG s.ketch illustJ}ates the 
vvay in 1;vhich thoso cylinders, 2.5 cm. in d:i,.ameter anQ; uJ?, to" 4 "inq,I'}Gs 
in length, were cut so that their axes were-- normal to' th6-bedc1:i.nc;' or 
parallel to the becldiuc. . 

,.-.J ' 

Sketch of half sectiori of 5 inch , 
; d;r ill., core showing 2. 5' em. di ali1e t ex' 
cylind~~'~aJ. sample~ cut' parallel,Bedding' 
and ,normal .tp beddJ.ng. Planes 

,'I ' 

- ..... f (. :-: " -. .' ., ,.' t. 

, Tho slauconi tic sandstono OX.00 soc1 ;J:n t he No. 
10 Bore 'yielded ,oil, at "tho, :c'ato of o.l')l')roxir,latoly 10, callons 'j?c;r ,c.1.clY 
clur'inc :bailline; test Sll i)ut u ronl&r'~able ",fOo:G'L1I'e Qfth0 .. $1~oc;Lwcm,8, ' 
tested; 'Wac' that \1ithout exco~)tion, thoY·O:PIloal2oc..l to boi'rQ,o, of ()~1. 

,~' ':' • , , • ,_ J - , , I ':j 

;, :'.: !~ , .,' Earlie11l rofero:rice has 1)0011. naclo to tho ":t:aot J 

that when I'oc1i stillod benzono \[:.18 fm."c~.)(l t:U'OUEsh some ,of the . 
samples no c:'iscalo'Lu"ation VlQS noticed. A TltU:l1,)OI' of s~)eCimOl'lS hncl. 
a f2int, oil~r smell o.1'1c1 theSG.'v701"e: 'tost,oel fOl~ tho :)rOS8rlOo of' oil by 
puJ.verizinc a. :;;)ioco 01' the Spocil:len and boilillg it in u small 
qetan:tity of?·ll.8l1.Zenc. As no cascol(1)..ratiotLoftho l),onzonQ~,w3.s " 
no'~iooa. in any of tho tests so maae it is ,Qoncludc)(i that 'lumo of' the 
s::.;)() cimons W01"O oil-bo[~rin2;. ':rho sJ)ocimon~ 1259 foot - 1.261 feot" 
C01~rGs:ponC,s to Q part 01' tho glnuconi tic saYlclct@no s@ctiol:J: ,\:11e1'1.0 
oil hus 008'(1 r\JI)Ol~to(1 as occ.urring in streah:s throu[~h(),Ll.t. 'rho, 
oxtromoly lo-;{ ~:)or[,:o[loili ty (0.12 millidaroien) ~fourid 1'0'1" ttl~~D ' ,,", '" 
Sl)Qci;'Jon VJ'OulG. SOGL:l to 'i)roclt1.de tho -oossioili ty of tho Sp0cJ.nlQn, 
losinG much ')i1 if any had r)OO'rl 1'):1:'0 sdnt. Tho, fact tllat np. ~ oil" -
could be (1.et.0ctou in t 111 S s::;Jocimon suCgosts that tho threo';rLnc1:J ... (', . 
pioc.o suiJmittuc1 for o2(auination C01'll"Os:poncLn to an Ull?r--oU.u.c:t~ VG part 
lyinG 'botWOE)"j,~ tho streal:8 or 'bil'reoQl'>ci;ed:-whe:q. :·tliC t-v'lO :eoCJt~iliootion.)' 
Vl8.p fil"S"4 cored. \,' ,', .... ,'.:,' - . ': ,',' : .. " "):; 

. (' 

'. 
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._,:. A' similar' reas0nmay account for· the absence 
of oil in the otner specimens subYnitted for examination and for this 
reason the pe~meability results may not be a true indication of the 
permeabili ty of: those parts of the section which h8.ve yielded .oil. 

o . ' " • 

Between 1255 feet and 1291.5 feet, which has 
been logged as glauconitic sandstone~ ~ermeabilities varied over wide 
limi ts ,l the lowest value ,W,asO. 01 millidarcies and the highest (1272.' 

'_ feet - 1273 f'eet) was 38.:3' 'inillidarcies. : . . '. . , . .,' : 

The average value 1'or each specimen' is 'shown . 
in column 8 and the mean value of these averages (1255 feet -: 1296.5 
feet) is 2.16 millid8rcies~ . 

. . , 
.. ',. Specimens f;rom 1291.5 foet to 1300 feet were 

. Yll0re sandy in a~l')e8.ran~e than thoso hi:3her :i,n the .$ectiol), ~nd w~re ,. 
not includ.ed in the glauoonitic ~sandstone section when tho bore l,og 
was originally compilcd.They were originally excluded because. tlle 
quartz grains soemed more polished and abundant than i~ th(3 higher:,. 
s.pecimens and. th\?I:.typ,ical g;re,onish colour of tho glauconi~~hc sand-' 
stone livas maskeo. through \vater seeping in from the bottmp and wettipg 
them. Some time .later'when the, cores had dried. out it vias evident· 
that they had the t~rl!:ical .colour of 'theglauconi ttc sandstone' and they 
were subsequently included, in the glauconitic sanB.'s"4one section.' They 
were later 'examined by' .the Comrnonwealth Palaeontologist and their 
Q·lassification as :;lauconi tic sandstones conf:iirmed. This classific­
ation mal{os the glauconitic sandstone s8ries ,45 f'eet thick instead of 
36 feet 6 inches as shmHi. in the original log. , '. 

. Permeo.b~lities of the' s ampl8s corresponding to 
the interval 1291 feet - 1294 feet 6 inches range from 4.8 .to 138 
millidarcies wi th average values of 60.4 and '31.5 for the two speci ... 

·mens examined. ' 
" 

" The reason for such large variations ,in 
permeability was made ap~arent when a nmnber of the hollow cYlinario~ 
al test sarnpleG were mounted in the oil extraction a'l?paratus. This 
a-pparatus 'vvas designed to force benzene from the inside of the ,sample.; 
through the walls to the outside where the benzene 8.ccuinulat.ed :1n 8.' 
vessel surrounding the specimen~ The apparatus made prOVision for' 
f'orcing only a limited amount of' benzene tln"ough the sample and it was: 
noticcd that after this had passed through and the sample subme~ged i~ 

'the ef'f'luent, the compressed air which had "been used to f'orce the. 
benzene through issued f'rom the core in a verY.irregular fashion. 
For example in sample 53 (1291 feet 6 inches - 1294 fect ,6 inches). 
i'vhi ch was a hollow cylinder 2. 5 c~ns.. diam. by 2.24 cms. high!> it was' 
observed that the g:reatest 'part of the. air issued from an area of' . 
approximately 2 ern .. 2 ot; the c~tJ,.inder' s s w."'face.. From a study :of': the 
Size, number and castrib,utJOJ10f" .,the emergent air bubbles, it was' 
possible to fox'm a pictt.:1:b8·of' the relativc.'permee!bilit2: of'various 
sections of this sample. }' ': It was estimated that 2 cm. of the total 
surf'acearea of' 17~5 cm. 2 was'r,e'sponsible f'or not less than. 80% of' 
the total permo'ability •. '~·On this basis" it is estimated_ that.the 
sm~'Lll very permeable section of the sample has a p.ermeabili ty o:fl. 
approximo.tely 120 miilidarcies, which is comparablf) witll the highest 
permeabilities found:for the test smDples~ Other samples showed 
.similar irre'gulari ties. ;i,.n .the distril::mtion of' the permeability. 

. . '.A notable feature of the distribution was that 
.~, it :wasobviol1s1y hot an. effect due to beo_dingo .The very permeo.ble 

·s.ectioq: of No.53 sa111ple aplJeo.l"ed on only one side of the cY'linderand 
was not dis'triouted over any particUlar layer wi thin the sample as 
would haVe beon the' case if bedding had been the' chief' f'actor. 

/ .~ 
" . " , 
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The glauconi tic s~,-ncistone in 6enel~El is hetero­
geneous in Ii thology with smc::ll inclusions of mc:.c terio.1 differing con-
sicteralJly in permeability from, the ~WeJls:6e f:0l1 the specimen. The 
l~ge variations in the observed permeo.bi1ity mustj) thel1 ef0l1 e, be' ex­
plaineCl. in terms of this heterogen:Lty nls.de noticea1)10 by' the fact that 
the test samples ,{lel'e small in SiZEH 

(c) ~f'fQc~ of Bcd6~pg o~~abilitl. 

In tho ~:!rGdGding section it has been shown that -
v2riations (such as the size~ o.istrj.bution or 'arr&ne;emont of the, . 
grains) due to bocicling \ver e not 1.' oSl")onsi ble' for '~ho vo.ric.tions in 
permeability: observed in a set of test 881nples cut f-rom the one spcci~ 
men. . 

Vt.riat~on:s in 'bhe lithol-o[;y' of 'bhe glauconitio 
sandstone' at diffel1 en"t hori'z6hs~ which l}1s:y-;JO' t'!all-eo. a ,De'dding" ef'fe'c'tg 
are accorn'"Qan:Led by variations in thG uverage ,p-ermeaiJili ty c~ndin" this 
sei1se it:may be said that ~pel'"'meability varies with tho bedcUng. For 
irists.nce the beds at the bs.se -of the clauconi"tic Sc:rndTGOne section are 
much more permeable thE~n. those higher in the section.", Tests vvere 
me.d.e to determine whether thore YvC:S any o.pprociable cho.nge in perme­
a1Jili ty When the fluiCl. flow ywsnleo.sured in the direction of the bedd-
ing or normo.l to it. The r esul ts of' these tests nre tab1112. ted below>-" 

'. ' . 

£~J;.'.m.~J.l)J?,,;z,_i.n Jll-llio.at' ci es 
______ ~ ____ ._. __ ---..-..-....._ ____ • ______ 0 ______ _ 

". 
" "'- 'Sample . In dil"ection 

of bedding. -.----...... _. -,,-~. ----. ... -.-.... ..--.--~-
.1277'-1278' 
Nos.22 to 28 

2.40 
-, 2~04 

0.71 

Normal to 
Beclcling. 

. " 

PD.rt normal -
part with bedding. 

---.-~.------.~---~.--.--

-------" ",...--..--. -, ----------.-.-... --.--....--.--~ .... - ............. ---~~----... ---
1291'-1294' 
Nos.36 .to 42 

Nos.48 to 56 

135 
.119' 

32.5 
19.7' 

82.0 
47.2 
26-'7 
16~3 

·12.1 
11.9 --_ .. ---.----------. 

1294'-1300' 

Nos.57to 63 

5505 
40.5 
26.0 

••• 'r 

56.0 
3~·. 0 
64.0 

26.8 

--_._----.. __ .-..-._ •. -

----.,--_. -------

-...-------.~--------.. .. -.... - .. ,~-----.-. ---...... - ...... --_._------._.-1 . . 

" . . Tll.e pc:cmeabilities tG~"bulated above show varia-
tions within wi¢Le" li[L1its _ but there is no 'consistent dif'f'erence between 
permea"bili ties normal to the bedding and those in the cUI'ection of' the 
·bedding. The results for s2,mples 57 to 63 (1294 feet - 1300 :feet) 
-';/hic11.' are 11101'e unif'orm than the others suggest that the permeability 
is the sarne whether measUl'"'ea. normt:,l to or parallel to the "bedding.. It 
is olJvious from the results that a vast number of' dete11 minations would 
need to be made bef'oI'e scctis.factor'y average f'igUl"es could be arrived at. 
The weight of evidence hmvever II suggests th2.t the permes:bility is not 
influenced by the direction of flow relative to tho "bedd.ing. This is 
contral"Y' to C1"011 f s findings for s'"Qecimens from No.1 Govel"runent Borell 
No.2~ Lakes EntranceD0velopment and No.1 Ka1imna bores. Croll pre­
PG~l"ed his spGcimens by shaping them into 2 cm. cubes arid measuring the 
permeability between op·posi t.e faces. The variai!ions in me6.surec1 perme-
aoili ty were ascribed to l)eclding a no. on this bc,sis he arri vea. at the 
f'ollowing averages:-

Permeabili ty along bodd.ing 223 millidarcies. 
II I;lCJ:'OSS il 15 11 
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If the 'glanconi tic sandstone s examined by 
Croll al"e hete:L'ogel1eous in ,Ii thology like ,those exo.mined by the 

":wr,iter from No'IJ 10 Bore, ;L t seems 1':101"'0 likely t hat the variations 
noted by, Croll aI'O d1..1.8 to local val"iat ions -vvi thin the specimens 
rather than .to a beclcling effect. If Croll t s i11te1"'p1"'etation of 
his Dosults is COr1"Gct tl-:.en,it is obvious that the litholOGY of 
the, glauconitic sancLstones in the oOl"'es l'l"'Oiil ','{11ich his specinens 
vwre derived differ consideI'aiJly 1'1"'01,1 those in l'i"o. 10 :Sore.' 

(d) Effect of Moisture on Porueabili tYIt ' 

The permeabilities Given in the main tabul­
ation refer to oven dried specJmens in rvl1ich the fl'"'oe water content 
was very sl:lo.ll. Tile 2?ermeabili ties of threo samples 54, 55 and 

, 56 VlGro Lle8.Sured afte1'" ail"-dryinc and J:"epeated after the samples 
had been d1"ied. in the oven. It was fOUJ.1.d t hat the pe1"'meabili ty 
increased, appreciably upon drying. In ol"'der to confirEl this and 
to see i,t" alW rolationship existed ;Jetween percentaGe moisture con­
tent and perliloabili ty, the test Was repeated on nine specimens which 
were wei2:hod befo1"'o and after dryinG to dote1"'li1ine the loss of' water 
on drying. '11he l"'e sul t s of this test a1"0 set out in thc following 
table. 

Specimen Dry 

P.ol~nc:'.-Gil:i..i~~;. J2~2~~ ~ot' •. 
r.1illidarcieG. 

ViJet 'Fe1~ Cent. Pel" Cent.Chanse Fer 
l.Ioioture. 11 Fcr Cent. Moistm"'e 

1291'6 11 -1294'6 11 11.8 11.6 - -No. 54 
No. 55 16C)4 14{~3 -
No. 56 60.9 54 .. 5 

, . r 1 

12irt-1278' 
,~ < No. 22 0.48 0.2.8 3.8 Il' 0 

No. 23 1.31 0.83 -' L~.1 '~ f-, 
No. 26 0,,71 0.42 3.6 ~, ll.,3 

.". 
1291 f -1294' 

.;wJ 4'1 No. 36 19t17 17.0 2.8 
No. 37 32.5 ~,I '28.7 4.4 ~ ~J,'1-
No. 38 26.8 21.7 3.9 )wf5" 4- " 

1 2-94 f -1300 t 
~'f'.g No. 57 55.5 48 2G-8 

No. 58 401.'5 38.8 2.3 ~ I - 't 
No. 62 39«5 38.2 ,:2.1 1.6 

The figures in the fi:Cth column are arrive'd 
at by expressinG the chango in ]?ormeability between dry-and wet 
samples$) as a percentaGe of the fu"'y value and dividinc this total 
percentage change by the percentage moistul"'e content of the wet 
swnple. '\ 

,' .. ' 

A study of the l"0 sul t s shovrs thatthel"e is 
an increase in perr,1eability iTvhon the sanple i's.,.dri,ed., ,Th~" . 
relati ve amount of this inca1 case varies for 'thi3 diffe're"nt sfu'lri)les' 
tested, being conside1"ably gruc,te:t;' in the lo\{ pCl"r,wabili ty sarnples 
from 1277 feet - 127-8 fdet than in:' ttlo"samples't'ror:l 1291- '£leet '-',' 
1294 £leet and 1294'f'eG~:, - 1300 fee't. ' 'The,s:~J;apt mentianodtv-vo -
sample s are simila11 in 'appearance 'and are Dl;tPh ,coarsor gl:>c:ined than" 
tho first monti.oned.'Y' Thp l"'eC1sqn for'y't'H~ ,,,~hanGb in permeability is 
not dofini tely" ~stab1.ishect •. , 'T'J-j'o ];l'dss'11J'i'litie'S Yfill be', considered. 

I \w"::, ',-.. ~ •. : 

.~ ~~. 
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( 1) ~ellD.t moisture oce upio 0 and pqJ."tly closes come of the;: air 
channels and in offect l'OCtUCOr3 'theil" C1'OS:::;: 'sootion. Such (.1. 1"00.00-
tion illio;ht conco:t vab1y bo r0 s}Y")'nsi tlo 1'01'" tho incl"'oaso in rc 8i sto.nco 
to flay: "iilhich is a::nX:'.l"ont in tho dho.nc;c('l 1101"li1oulJiLtty. In c(Ycmoction 
with this :)ossibili ty it io of inte:L'Gst to nott;; that siui11.111 Hot-dl"'y 
tosts rlOro- carried out on i:l nUilbor of 'cLiatol:lito 81")(3oir'18ns.' ':VhOS0 
tosts shovlod that up to 15 po:r cont. E:?i'S:tuI'o could bo proson't ','lith-
. out soriously a:rfQctin~; tho Ulo8.surod YOl"i.loabi1i ty. Tbi s boin:~,; 00, 
it can reasonably be ClSSUlHO(l that tho sl:1D.1~ moisturo contollt in tho 
\ilot Glauconitos doos not l"'oduco tho air channol Cl~OSS section iJ.'l tho 
mann e 1'1 sU[;r:::estoc1 a:")ovo. " '". 

(2)" An alternativo possibility 'is that the C~l:J.uconito, Ol' 
S01:10 othor consti tuont of tho roc]: s'~/clls undor t:"lG :;'nfluol1ce of the 
added watGl" and that this mrolling is responsiblo for tho 1~oductio11. 
in the cross section of air c:lc~nnols. Such swollin:,; 'dould pllobnbly 
affect the porqsi ty of the SPOCii:lo11 ancI thi-s seel.1od ~o offer a 
method of chockin:!, the 0.1 ternati vo posDibili ty. U1:lfoJ. ... tu..nc.tely tho 
porosity apparatU(3 vIas bl"okon l:)O1~Ol"() such tootD couJ.c-;' be ~~iod out. 
Hovlovep, the sU<'J::2:est(;cl to'st will bu mL .... de as SOOll as tho 1)01'0si ty 
apl")Cl.ratus is l"'O::;J:J.:Ll"'OG. and 0ppol ... tuni ty offors. 

Although thG caUS0 is 'LmJ.crwwn, it is an 
observed fact that pCl"l11eabili ty of slauconi tic sanc1st9ncs is l2.1"'Cely 
inf'luonceu lJY tho prosoncD of, mo.isture.' The obse1"vod cLc..ta is in­
sufficient to arrive at any satisfactory basis for estimating the 
permeability. Hhon ' t dry' pormoabili ty and moistUl"o content are .lcnown. 
If some.sections of the glauconitic sandstonos in situ are saturated 
v/ith life,tel", i,t is prObable that~heir pOl"'meability would be less than 
half their 'dry' value. 

(e) ~c~gcy of Res~,ts.' 

An examination 'of the results sl10vvs that 
large variations in permeability occur l:)etweon saf(jples cut from 
l'Glati vely srnall specimens. FOl" instance the specimen 'rep 1"'0 sent ins 
1277 feet - 1278 feet vms apPl10ximately 30 cubic incho s in volume,) 
but permeabilities of the seven test pieces cut from this specimen; 
vo.l"ied betvleel1 .41 and 5.86 Elillielarcies. , . 

'. 

it is 'O}Jviuus, therefore, that 0. .hieh 
degree of accuracy for each inc11 vicl ual te st is unnece ssa1~yand all 
that is rog.uired of the permeability doterElination is t hat it s11.o111<1 
givo the or<.le1" of t:1agll.ituclo. l~ovortl"loloss", the }!11'ocodt1.I'o followed 
ana. precautions obsel"'vec.l. viGre( pQ.s8d on tho A.r 1. st:J.ndarrl pl1ocoduro 
for determining ,permeability 4) anQ it is of inter'0 st to fllEJW un " 
c.pproximato doteri'nination ot: tho probalJlc.: orl:or in any inca vid'U.Ltl" 
resttl t. . . 

" Erl"ors L10Y be clo.3sifi0d 
kinds, namely (1) ch3.nCes in pOl'D1oar)ility L'ltro<looG.d 
il1.COrl"'Gct technique in pre:parint; tho to st sali1plo S Qr 
lilGD.surement. 

(1) ~prors In Pre.narat:i.on. 

I ;0_.' . 

,~--

as being of Ity{O 
through poor or" 
(2) errors in .. 

p~Gparation of the test 
Tho pr,incipo.l SOUl"ce of er1"Ol"'S in tho 

samples a1'e:-

(a) Olosgin,c; of pore s by [.11..1.d introduced cluring tho cutting 
processes. 

(b) _Incoi!1.plete reno:v'al oi'". oil and 'Hatel .... , . 

(a) Ever;y caro \ms talf~'n to en'f2m~e ',that:f;llooo -Q,ITors vmuld be as low 
as IJossiblo a:"1J. tho :precautions J-J,syGtJ. in t:hp A.P. I. 00d6 v/ere foilow-' 
ed. In addition, te st s W~~IO l~1:"~Y.q in :tlW., IVioc1el I apiJal'D. hill on 
cylinfu"ical" tablet B ';ri th ti'rClo-t~"t,G:' i'aeos, an{t ·face.£ i)repm~cd in the 
fashion out~inod ill tlito O~)0n::i.Trlg sqct;iol1:3 of thi s repOl'1t. The se 
test's showed that no' "s()1'lioushloc;ginc; l"esul ~eq. f1"lOl1l urindinc: the taces , 

i 
/ 

• 



on coar se em8:c~f paper C) 

(b) .;,As '~egards remoi/aJ~ of oil anc.1 water, it has been mentioned above 
that no. traco uf oil coulcl bo discovered, in the s':")ecimens subjected 
to ~est .. so tha~ tho' :necesstty/£'or removing oil, did'- not a1'118e., As', ~ 
reGar~s vmter'l"'enl,ovo.l~ it i[-:; believed that the prolonGed heating 
to. wInch the sarnJ?les were subjected effectively I'emoved all :free 
"vvatere ,'The temperature (150°C) at which tho G[lJllples vIew 
dried was hiGhe1" 'chan rocclill11onded in the A"P.I"Code. 'Sbme tests 
were carried Oll'G in vilhi.ch,·the permoabili ty of' a sample 'ivas detel'1-
mined lJefore iluating and after heatil'lg 24 hours, 48 h01.1.1"S and '60 
hoUl"s respectivelyc ThClp,el~moabiltty chanGed due to loss' bf:· 
water durinG th,e first 2~. ,hours hoat:Lng,? but remained unal tercd by 
the adeli t i ono.l 2L~ hour s ariel ~.8 houl'" s he at inG" T he so te st S IOD.O\,:IG d , 
that prolonged ,hcQ:ting, at "1-50°0 cUd not altol'l tho 'pGrmeabi11ty and 
it is ass'l1..l11od 'chat B:pa±>t' fj:'om tho ~loss of freo viater the samples' 
were unalterod by tho heatinG" 

I 

( ?,) 

In ModEl I 8.ppara'cus the pormoabili ty is given 
by the OXD,-r03s':'on:·· 

(A) 
" 

I ;' 
',' ',-i 

, ' ' ,,7hu viscosi-'cy of [d.l" (I;) was Imovm to within 
!t .;;%. The meCtsnremep';;s of th~ tbickness (t) $ld the diamete~ (D) 
Viere s1JJJ,ject.\ t.l) C~l"'O~"S of approximate:)..y !! 1%0 The 'a+'1~a~.: Ai'YIaS ' , 
proportionocl. to D and henc~ Vv'U:::l subject .to an e:C>l'lor of :t2~b. , \ - . 

Tlw vahJ.G of'_.Q~_·\·{as subject to erJ:1lo'rs in c;3.1i1):-
:e -~2 ,'" . , 

x'ations 0::' the :f1owmete:c and IJ1.an6mm:;er tubes,. but a ,numl)er o:f deter­
minations rras ;;18.d.~) :for each sal~1ple and the erl"Qr,:iJ:l::~,t,he'avel"age 
valuo is ceI'-Gn-Lnly not gl~(;at~r ,~!laJ,!- .:J;~1'~~ 

•• .' I I I 

K VlQ.S~ ,;.1leref,pr'.I2' .. ' P9c'll.:i:'ate tp better than .tt' 5%. 
In Model II permo:1E"oter', sJ.!'Jilar >()J.t".J.·ors in measurement aa?l11y . and . 
K as measUl"ed i")~r tili s instr'~~lE:mt, l~s ~1;t; ifCCU1'lS:CY better than 2 5%. 

El'l:::Q;:Os due to"leakace past the l"ubbel'l Gaskets 
holding th0 S)CCLiOns can lJU l"'G.t;:;Ei~·C1ed as negligible. 

The onl~~ l'le'f01"C~'1e() that c~n be found to previ9us 
Sletorl11~na;t~ol1s 0,-';: r<poros).·~;\T_. ()CC~:l"~ In,, t(-19)pl'>eviouslY l1ienti?p.e~ rOJ?o'rt 
by K. Wasl'1J.r..s:ton d1'a.Y, . o;n el, J.(,C(\lleU:!.~ol.', .. ,;J On page 97$ mentJ.on·J:.s 
made of two o.e'c,ern:Lnai:-ions 1J3r J" C .. I',;[djson of tho Victorian Mines 
Depal'1tment on Sal1l')~.e.s :t'r'um Fos,tor! S :;or,e, the, locatio;n o:f whioh' 
is shown on the p:' . .J.n9 . fiG,co 'j'" ,'Effo(;'tiye porosities o:f 54 per' cent. 
and 53 por CGn'~t' :r>c; spsc'Gj,vcly Yicre o~)tninod for: sar.lplo s: ,f'rom' 2 to 
3 :feet and 16 -to '(7 foot beJ.ovlT the tcg of the glauconitic sandstone. 
In 'o:ddi tion to' WO:::',so:n! s· resul ts' inent:Lon is made of a determination' by 
01i ver Str8eton on a saril'!Jlc from ~15; ;r'?ne.t:, 'be:low· the .top o:f the gla:ur­
coni tic sanc3.sto~1C ,in tho-' same (Fc'3've~-:! s) bo::?e~ . :', St:oeeton' s figure ' 
was 29 pOI' cc:m,\"lJ .' 

,.':1:,he ap.pul,"atus' 1'.S80., -'Go, mo~s'\1J."e ,poro);:;i ty i,s de s~ 
eribed in an eo,rlier sec-cion o:f ';~his l"lepprt'f.',It .should pe noted 
that the mothocl. nlJa sur'c s tho appa:;. ... en·~ or~ effective pOl"osi ty, i.e. 
ithe porosity Oi' tIJ,8 ,intc;r-co:~1niJ.q,tp,9-. ro~~e ,spaces and any p01"0. spaces 
completely sea1.eeJ v!ould not influonco the results. " . ' 



P01"'ositics '1/0'20 l'olo..tivoly unif'orm " 
th1'Qnghout tho gl,8.uconi tic' Sn~1c.stono SOl"'iGG ancl vru:'iu(:~ 1'1"0t,l 29. ft·) ,; 
1+3.5 POI' cont. f'or tho i:i.1<li vicl'U.fJ.l S[~:;T.J?lc s~ 1YJ.t tho C~ilo:ea~~:o S f' o.? ouch 
hOl"'izon woro Eloro unii'Ol't[;1; V[w. ... yill{,; ~J()t'\'iGell 35.6 o.nl~ .39.7 ilGi'1 Ct.::n.t' • . " 

InaciC.ition to ;)OJ:'ositios i:10uSurc;d,ilith 
the.: uflPo.rD..tu~~, a nUmlJ01'" of' 1)01~0 si tiOS~f91"'0. c·:llc'lJlD.to,.~~ 1'1"'0::1 the ,. ' 
uPJ.Jax'ont clonsi ty. of' tho, 3CLil1plo s' The ccllculatiG:"ls vJOI'U' ·[ .. ,<.. ..... Go(1 0:1: the 
ussur:11)t;lol1 that tb.e su1id llW.ttCr' cOrJ:~Jl'1isinc.:t:1.C t 1':;''''(:;J,1C -,rol":'::' of the 
c1nuconi tic s['l.uo.stono hq.d a dQl18i ty oi' 2.62-'. ~h,u calcul.::ttod 
:::;o:t:'osi tics are 311crvVl.1 in tho main ··tniJulo.tioh ;'lY1cl thuy 2.1'10 ('eli th one 
0:lW01Jtions :viz. 1;'j. 26) .10-,101' t.ho.ll those LlOfl3Ul"'OO .•. ' Tl'}',:; c~-"GI'::;'GG 
valuE; of nine co.1cu1utoc1·1101'10Gi tios is 32.6 :;)01'" Cu;."lt .con \;.:.i. ... 0(). ',Ii tIl 
tho avuro.go mec.t::.mro(1: )oroui,t3r Of' 37.3 (23 (~otoi."r.lirw.tiol10). ' 

.. ' 

_ If' D. (t8n81 t~r ()1' 2.0 i 3 ns 81;HO c'l. f'Ol' tho 
solid l;lattul" then tho cCl1culD.ted }!orositioc lJOcomu c~:;;Jln'o:~dmatoly 
oQ.1.1u1 to the IlG<.UlU1"'0<.:L. 

, , 

, 'Tll(' ''''VOl''8 -'0 ,.,'nrl'~'l.!.""'n/i 1"O','oq-.L" tv 1.':.: , ._- ~ +"'-'. ct. .c) .. -....... (, j,. ...... \... .. v....,,'" J:J. - )..... " -

inter!J1Gc1iO,te in value bot\:V8on Y!Jutr3on' s (53-54%) [.mll.Str0uton' s (29;;~) 
.:1.0 to rlpi nat ions. 

(c) ih9ct!£o.CY Qi' ,Ro,sJQ-ts., 

l'ho accuracy of' any porosity determin­
ation 'dopends on the accUl;'Qcy, VIi t h vrhich tho various i'actol"s uso('1.: "" , 
in the calCUlation aro meo.snrod. A f'i[:;ure i'or tho theo1"etical 
Clce.u.racY".c'an.be arrived' at lJY -npplyinC; to oach i'actol'" involvcdc.t 
l"elati vo accUl.'1acy and t hon ca1cu1atinc tho mean 8.nc.1 l!1[' .. xinurn value 
f'or porosity' assuminc t.hat' all the inc:.ividual' erl"'ors are ad.c.1itivo. 

For the caso,. 

Vi == 1] .~'-lD' !!: .05 cc. 

, , < V2 . -:. 5.07 i!' .05 ce • 
, , 

'. V" 10~O .2 :::: ~ ce. 
0 

~ ::::: 28.00 . -,- :t: .02 inchos. 

Ii == 8.67 :.t: • 02 inches • 
Y.12 i 

ThOn Vp == 3.9 tJ! ~L~ cc. and Vc x 1.00 - '-39 :tJ 5. 

, The above cc .. 16u1Eltion LEi ves the'i:l:.:\ximw:". 
1I9s3 i ble e1"'1"Or :for any Qne dctermil1o.tion, l)ut it i:1Ust be l}():J.'rHj ::'n 
b'f~l.(f that tho prol)o.bili ty. qf' tho maXililW.1 IJ'x.liJi ')10 or:"Ol' Clcc'!.1:cl::::~in.;:; (pl" 
in: 'other vlords' of" 011 the' ind~ yiduc.tl Ol"l"ors actin.:; i:::1 tile . 3~!10 B8.~lSO). 
is i!l::t'i'nit~e8im.a11y. small.; Tho aCCU.l:'ac;;,r of' the. n:f!PL-l1"1nt'lJ.B LllJ.(J.; tool'-:-,:,," : 
nique was: tQstocl by p1aci'tlC.i, in it a soli(l bl'[lS.G, c;71in(~0:i.'" tJ:[' z'ero ' 
l)orO s'i t-y! '~Thej>()1"oGi ty ca1c"li1at cu f'i.'1ora the vol Ul:1e rm('l -l,lS; S~~j1J:rO' , 

I'ob,diriEio Vms: - O.255-"b (i'XlstOD,c1:'of" zero).> ." , ' . 
• _' • ., # " 

I'n adeli tfuu;to tho allo'¢'u ,test~ detor-", 
minatiohs on 0. Si11[;10 gluuCOl1i:t'oSD.r:lplo ·\191. ... ot·LJpeilte(\. anc!. the ' 
l'11ousUredporo 8i t;y coulC:~ be rOPEJatec1 Vii th eLa nCC1.1.l1 D.CY '01' :)ottor than :r:~) 
.:!: 2.;6. 

I t is lJe1ievod that in m~actice the 
~)o!l~si ties (LetQ:t:'r:linoQ by mennG of' tho ~l:c')~)6 .. 1"'o.t·;).s [,1.:('0 1;{j.thin'S flCl'l 
cont. of' theil'l COl"l'O,ct. va1uo~ a. docree, of tGlol'laJ:lCe which is q:uito 
suff'icient f'or' liiost 1) 111"1J-,i 0 30 3 ' 

J:':.l: •• 

~i:~ 

3~.· ?-,ela tion shiT) J:,.o t\i'c..(~.:rL X'I 'oJ J:'~~lO a ~ill t'y (;,:? d,J'o.J!).,,:cJ..! 
.: 

. . .~. ' , 
..:' A·'" ox'n·~lJ·Ytn·L:l·I''''''''"'I of' ';~11'" C;)'r11G":'t~':o"lul~r')rt I.L (..I.L~ .I-J.l..l".u .... U) • .L Lt .. v u .. 

L
/ 1 .. _ ..... L.,. 

IJcrmoabi1i tios an(~ PC:)l"'ositioG f'l'Oi;l thu sOJ;IClr2.to tc.;;:/G sa,::pluG brinCG 



.. ' 

is. 
o.ut .. cl?arly the, fact that t,hep,e ~-.is,\no. l;'elationship between these two 
Quantities. Altbough.the p.Ol~osity of various.,'~ones vvithin the 
glauconitic sandstone val"ies very little, the permeabili ties varies 
over wide limits. In connection with this point the follovving 
tab:ulation, bas.ed on permeability and pOl"osi ty measUl'1ements made by 

'., .. the. wri tel" on val"ious materials. is of interest • 

...... -
Ma~el"i§kb r.9.t.9 sit;y: PGrmeahili.tz 

Pel" Cent. .Millidal"cie s --
Ivlt. "Gambier limestone 52 5~i82 

-~...,."! . ...... 
Roma 'Ga!?' sandstone 16 57.0 

• i 
, , 

,:, '''. ' 
Glaucon~tic sandstone 
No. 10 Bore$ 1255 f 

-

1291' ,~ 
. ' 

, .Remarks 

One detel"mination • 

Average of seven 
determinat ions~' 

Avel"'age of 35 
determinations .. 

--...,.....-----"'._.-_ ..... ----,,--..:,---_._----------_.....:......,.....-_. -,-~---. .:...: ' 
Glauconi tic sandstone 
No. 10 Bore, ~2911 -
1300' 

Diatomite' 

36.6 

72 ,', 

AVel"age of, 28-:" , 
, determinatioris~ 

I ,. 

Avel"age of seven'· 
dE;ltermiRations. 

• « 

~, " . ".-

The apparent density of dry glauconitic sandstone was 
detel"mined for nine sample s wi th value s ranging from 1.67 to. 1.89 
grm./cc. 

5. Qgnmress;ve Stren~~ 

. ~I'ests 'of comppessive strength were carrlGd 'out, in the 
testing labopatOl"Y of the DelJartment of the Intel"im."on a Tinius 
Olsen testing machine capable of pJ:.'oviding loads o.f' 'up to 1200 

", 

kilogpams. The machine waS de signed for moulding concrete 
cylinders 1 inch diameter'" but was eminently sui tablG :Lor compression 
tests on cylindrical specimens of this diamete1" and of low strength. 

Test samples'were -drilled from the raw '~naterial by , 
means of the diamond ~j,ll mentioned previously and cut into.'lengths 
O:L apprOXiJl1ately 1 inch. The ends· of the 'cylinders were made 
trULy . par~llel toone ti.nother <1no. normal to the axi'Q .of the 
cylinder in the special holder (Fig", 3). . • . . 

.TestF; 'wel"e made on a number of samples which had. beeh 
ov~n-dri'ed and a number" Which had been satUl"ated. with watel". 

. , -
,'The-'pressure in 10-s. per square inc'h necessary to. 

cl"ush the spe~imen was calculated anfl a correc~~on ap:9lied for, the 
finite' 'size of the specimen. "-This cOl"l"ection in effect converted, 
the lTIeasured pres'sure int'o the pl"essure' pel" : sQuare inch needed to 
crush a cylindrical sample of height equal to twice its diameter,' 
i.e. the compressive stJ;"ength of the, l'llatorial. 

_, , .' ,I" , . 
. '- - . ~ .' 

'The : result-s' of t11esetests app§a:t:', iTrt he main tabuJ.-
ation. 



It -,;fill 'be '.ol)'Sorvocl: that 'thol"'c is'u' cOl1sid­
ol'talJle diff61'once in f'Or:IJ1'Ossivo" stronc;th botw(;:on cJ.r~T nnd. wet 
gla'uconi -tics2.udstone. . . ' 

807011. samples :froLl the Glauconitic s8.ndstone 
so ction 1255 foot - 1291 feet wc:r~ ovon-d-r~iGd ;)Gforo to sting o.ne. thei1't 
aVGl'"'ago C01:l:c.'I'O ssi vo stl"'onsth rlas fau.."l0_ to be 2590 lb. 1)01' sqU::l1'O 
,~nch. ,Ton samples ..1',1'011, .thOSDI!lG sec tiOl1 -\70~1I0 So. turatcd \I'i th \;rater, 
1)J:'i01" to testine Dnd t~10il" avorar·'e cOr.r::,::'ossiVG stl"'Emn',th iifas found L u . u - -
to bo :onlY::.1'294 lb. pOl .... 3.<1U2.l"'.O' .inch 01'" cr;;~)r'OXiE1QtolJr hellf the . 
aVel"age of' tl1e ovon-driod 38:1:1:910 s. 

To C,)t 3 iiiQ(_~O on t-,;ro so.m~)l e s 'of the l.lOl"'C s[~ncl.y 
[.''.·lleT friable glauconitic scr.nclsto:!:lOg corro8~)on(;,1nc to tho scction 1291 
..P.,·ot .... to 1300 f'e""+' ':\"o'r"'~' -'-hr,·n ,t·o 1,(, '~'lll-" '·','J,.,>ro,q'!-. of' 'C"'l," +'n,st{"r~ . .~ u-'-J ..J,.. VU1 ..I...-J.. \il.i\..l. UJ.J.v ... J. ;.)..., v _..,I ~.'.Jl.A.o __ """l..JV _ L.",L"'"t., v,-, _u. ...~ 

8!J.u:l')le COl"'r(}S:i:,)Ol1.(~an~; 'co tho soction 1291 i'uot - 129L!. :;"oct nne , 
satui"'.atod -,-:1 th vratcl'" 1,"12S' I'm.lll.cJ, to Invo CL cb,:~-')j:"C Sf3i vo st1"'011cth of 
700 lb. ':981" sg,ual.'c inch. T~te suconG~ s;ir.l.DL .... COl"':'csyoll<linG to the 
·S'L.'"'Ct'i'On 1-29L~' i"e'c't' '''''; 1300 foot· Vlas ·tcsJ.:;cd 8.ft·Cl'" ~Join:.~ So:tul"'ntc c..1 ' .. 
"1'+11. --{ate· ... q·1.,:l 1"'0'1'''''C2 to ")a~Te' "'j CO"'·J" .. ",ce,';V·C .... ·J,-l'"'...,'<·t''' 0-<'> 7?0 1b 'Y'\e'~ ~~ u .I. v' J.. 0.1. u. ..... lJ. .I._c v c..... . L~J,J....t.. \..I u O.Lo ..:;, v t.:i LJ..:...J.l.J. .;.. '- ..i.J .a. 

SClua1'o inch. 

'Tho Victol"ial1 Minos Depal"tr,lOnt had a test'" 
c8.1"'i"io\1' out on a sample of glauconitic sancJ.stone f1"01:1 No. 10 Bore. ' 
Tile sanplo'- ~iTaS' 5'~ : inc he'S "(:'ianetel" and 3~ inche s long; 'but no· indic­
ation is C;ivol1 as to -17ll1ether tho test piCCO ViaS ViTot 01'" dry_ 

, , 

,The specimon broko undo 1" a pressUro of' 
2420 Ibs. POl'" sQ.uare inch~" The application of a correction factor' 
to convert tho result to that for 0. standard cylinder reduces this 
'stl:iength to-:1380 ·lb. 1')01' 'squar'G inch. This figure is s'on1evlhat 
highe~ than tho avorage v~luo obtained bY,the \n"iter for wet 
sp<;:lcimons, but, as no indication is given as to lilhat horizon the Mines 
Department .. sample represents it is not possible to make any Qirect 
'comp'ari son -bG't\:;con the' t~id "l:"esw:ts. '.. . .. ", " 

6. PermeAbility Calculated f1"'om Oil ProG.uctioh Figul~GS!! 'Imt,§y' 
Borca Lakos Entrance, 

,j J': ::) The aV~l"age j?oI'meability of a ~;~OdU9ing, 
t sancl t call be calculated from the l"'ate at vvl1ich oil, uutor and gas 
Q,l"'O l)roduced from a bore if the thicla.less of the, '$a11c1' and the .. 
pressure \;7i tlun the t sand' aro knovm. Tho rdray b()l't'o 'appcal'>s to 
be" a Gt;ti table ono oJ:). which ,to· base calculations ,of pO:C'Doabi1i ty 
bocau,se tho glaucOTli tic sal'hlstone 8.Illlcu:"'G to have beon succe ssfu11y 
sealod o~f frou i;l8.tOl'" hOI'izOllS abo~J'o and lJclo';{ it. Ttw :CluicL 
Gntering tho 'boro casin,::.: [.~:;'Jj)uar3 to [lava 'cono ol1til'oly f~"'om t,il0 
glaM~o~itic sandstone •. 

'rhe 10co.ti01'l of' tl;j-f.J 8oI'o rolativo to No. 
10 borp· is shown on tho loculity'plan, FiG_ 7. 

~ In th9 ini.ray bOl"'o,t';vuni:iY foet of' glauco:ait:tc 
sandstone, are exposed -;ri1j. c11 JTielc..loc1 O. 29 ·'~D.llo:l.s of Oil, 0.05 g~lOlls 
of' y;ater per hour, ClncJ. an 'l1ndGtc:r>mined ,lJut VG1'Y, 8:.18.11. Quant i ty of"""" " , 
gas, vvhent,he bore ViaS b:lilod drir ,' i.o~ r:11on tho Pl"OSSU.l'lG insi6.e the 
bore was atnosphe1"ic. Upon, stcmtii'J.1G fOl" a ~)ol"'iod of [(~»'::'ozim,ately 
24 r.1onths~ .the liclUiu. level. l"ose to rii thin 10() foot of' the sUi;'f'aoe 
un<101'" the influence of l"oservoil'" DrCSiJUre. It is OS'Gil·l,"~t()d_ th8.t the 
lovel which vlould have, been roached. o.f'tier an infini to tima woulc_ have 
lJocm approx-imo.tely 30 foot fl'tOl!l the' s1.11"'fo.00. . h3 the f:~l:::tUconi:tic 
sandstono' i,8 at a dopth of 1250 foct, tho reservoir }?reSSU1"o is not " 
10 S8~, than 34 atmosj)ho:'lI(?s (uGGuming a, s-pocii'ic ,31"o..v1 ty ')f 0.95 :rOl' 
tho liq,uid colul'.m).. ." , . , '.' :. 

usod,Lto calculato tho 
abovu data if' t he ~;as 

T~lC 0Quation for j. ... ·aClial f1 uic_ floVI can 'bo""': ~ 
poI'meo.oili ty of. tIl0. yi04.dill[:;'clayer fl"'om tho 
flO-iii "is ';:lOCluctod. 

, '.j' 

'. 



," ,l 

us:- ' • 

. ' (D) 

. The effective permeabili ty may be ~xpre ssed 

r1 
K ~ N A. lOGo r2 

2 ~," t (p 1-P 2) 

wher~ N == viBcosity in. centipoise 

Q, == rate of flm-,; in ccl sec. 

t == thicl::::'1o S8 of producing sunde 

r 1 == radius of reservoir • 

.:1.2 == l"adi us of the b ore hole. 

. Ov-ling to the lm'lge difference in viscosity . 
"between the o~l (N = 94 centipoise at 100BF) and, water (N == 0.6· .. 
centipoise at 100~) unO. the relatively snmll Quantity of water 
yielded$' the flo'l1 of the lattel" is neglected in the following 
calculations:- ' 

hold:-
For the Imray bore the following values 

N == 94 centipoise (at'100Op,) 
, " 

Q :::: ·.29 gallons per hour :::: .36 c~/sec. , J . .: 

log r1/r 2:;= 7.6. (assu,ming r 1 = 
, foet,)' 

500 feet and r 2 = .25 

t == 20 feet ~,610 cm. .... ... ~. ' 

P1~P2 ::: 3,3.ati~j10sphereso 
, ' 

Placing i;ihese values in o9.ua~ions CD) w(!) 
find that K :::: 2.03 millidal"cies. 

, ~):, 

• J ~_ 

It is a remarkablo re suJ.. t that this, i'igfire 
for the Imray Well should bo: so close to. t he avorage pel"moabili ty 
(2.16 millidarcies) arrived at from tests on the glauconitic' sand­
stone frorl1 the up~er 36 feet of No. 10 Bore. " 

In tho first place it has been assurned 
that the \vhole of the 20 feet expose.¢l. in,. Im1'lay Bore has yielde9-, 
oil. This is evidently not the case and tho thickness,,(t) used,in 
expression CD) shou~d be modified to make allowance fOXi 'this' ' 
factor. . If' i t '\T~ere assu111\3d :that the whole' of tho ]?l"oduction, was' 
from only 5 feet of sandstone whilst the remaining 15 feet were 
impermeable then the average pel"meability of this 5 fe'et woulo. be 
four tiraes as great as t~le figure given above, narnely 4 x 2.03 
== 8.12 millidal"cies. 'Neverthele ss tho vieighted average permeability 
~or the whole 20 feet; under this condition wbUld be the figure 
arrived at originally,- namely 2 0 03 mill ic1al"'c ie s • 

. The average iJermeabili ty given for t he upper 
36 feot of No. 10, bore is not a'weighted' average, but merely th.e. 
a1"i thmetical average D:f a number of determJ.nations. Howevel", if 
tho specimen~ exalT).inecr are truly .repre sentati ve of t he various 
horizons wi thJ.ll the' glauconi tic sandstone then because the 
specimons Viore more or loss evenly sliaced throughout the sectio1'l~ 
the al"i tbJ.net ical average stated vWu)..d. aplil"oximatoly equal, tho ' 
weighted avEll"cige •. '. ' ' 



, : ' , The' orror il1.troc1uce<l thl'ough neglee:ting 
tb,e influence of liD.tol' D.ncl cas flow in tho co.lculations of perr:l0-'" 
abili ty in probably SLlo.ll, but if .these fImvs had been alloyJ'oo. 1"0J:1 
in the; calc'lllntiolls of' p<31'LloalJility, thon 'the 1,orlzmabl1ity f'ine.lly 
al'1r1vOU at .!ould havo been ~~l'E)Qt-(Tl ... -'tho:n -2.03 . (:lillid0.1"cio s. It 
r.lUst be conceuou, there1.'Ol'1o $I that thoro is Dome just if ication f'or 
cluimin~ that the calculations b~"..sedi on production frolil,Ii:WE1Y Bore 
confirn at least in orelol' of' masn.i tudo tho porr.lOabili ty figUl'10, 
a1'11'1i vecl at frOD rlleaSlll'OE10nt of Spocir.lens from No. 10 B01'10. ' 

7. §.1a!nmar;v: ., 

'[')"I"'-'en"'l'l~'t~T ',)Ol'O',-=1l'+-Y .. -~"''-'!l''e'--'t dron"'l'ty 1.~, Ll c..'. L -'-.l ,;, _ ~ v , r;.~).::-' c< 11 -'':> 
anc"'c cODprossivo strencth tests have (Jo(;n C(1.1"1'101]. ~ut on n nUlilqol"l of 
Sl)ocilJellS 01' Glauconitic sandstone froi:1 1~'O;j 10 :L3m."o~ Lo.lws J'~ntl"anco. 

Pormeabili,ty' v8..1'i~d vY·ic.lel~r thr'oW:;hout 
the section l'O:Ql'Q son ted b;yr tho spocimuYls, tho :lVC1'C.C;0 j)ms',o['''.bili ty 
:t'or dl'1y sQra:Glles b8in:j 2.16 r.1illiaal"cios for tho top 36 fGot 'and 45.7 
forthc"lowop 9 toot. A conside:'~'8.blo part of tho tOIl section, hov/­
ever, w~s lesa ~han 1 millidppcy. , ' 

", . Perlllonbility', was found to)rar;y: wi ~h tho 
raois two CO'i'l.tcht of the S8.1111)18 Emel it is e stimaJeed that,. tho , " ': 
:DOl'lmea1Jili ty of' wo.te:c sat urat eO. glauconitic sandstono 'woUld be less 
than half~ .tl;lo t til'Y I sample value. ' 

It is of intorest to compare the perri1e- . 
ability and p01"ooi ty of the glauconitic' sq.ndstope ,with the pOl'me­
abili ty a\ld pOl'osi ty of l010YJ'n producing sands. 'Fanchor, Lewis and 
Bal'nes (.5) give a table,.in',wl+ich tho petmeability ancl PQros,ity of 
127 sands, J'rronAr116rican oii' fielcls$ are listed.' Those sands exhibit 
a wiele va~."iation in pCl:J."'r,lOahili,ty,l"l[mging from Qver 30QO, millidaroies 
fOl" one sBlTiple of' WoodJJino sanet to zero pel'meabili ty under test 
conc11 tions. Tho l"'an,;o in popmeabili ty found for 47 B1"adforo. sane1.s 
is comparable wi tIl th~t found in the tests de sCl"ibcd' i11 this ropol"t. 
The maximum for tho Bl'ac'lforcl sand, 153 millidaroie s, can be compal'led 
with ,the max:imum 1.'01' tho clauconi tic s2nc1stohe,' nunoly' 135 ;millidar-
cies. The conmal"ison is also Good .for' the lOYIOr values measured 
althoulrh the percentac;e of'permeab'llitios lower than 0.,2 milliu,q.l'lcies 
is mug;h highop for tho glauconitic sandstone than fOl' tho' Bl"aclford . 
sand. , 

Othop' sands' in tho tabloj IJal"tic~arly':'-' 
Spee'cIlley,' Winclfall a11e1 CIQ1'Ondon sands have 'perl>1oai)ili tics 'C0H1}?W40 . 
able vvith those found for·the slciuconitic Gandstonc. ., 

As· tho sal1cls testBc:. ~Jy Iilanchor$ Low:Ls 
and Ban:tio s WOl"e tc::.;.'::el~ fr·or;l oil fields in l'ihicl1 .the ])l"oducti vi ty is 
€:,l'8atly in excc ss of that of' the LaJ;:es Ent'i'anco :fielcl.; it can be ,.',' 
concluded that the loW' averaGe· pOl'moalJ'ilit~l' of the Cl's.:uconi tic ' " 
sandstone' is not ontil"oly l'o·slJonsj.b~o for their low product-ivity. 

,.' '1 '. I 

. POl'c)si tjr Vfas f'oul1cl "to bd l'olati vely 
'unifo,rn1"'throughout t:1C secti'ol1$ the ElVGl"2.S0 Vdluo 1'01"1' tho top 36 
f'eet '00i118·38.2 ;)e1'" cent. and for thobottom'9 fo,l1't'36~6' per' ' 
cent. Thol-'C 'wo:ono correlation ,bot1ireon pornlGabi'li'by and, pbl'losity;' 

l' ~ ; ~. _ ~ 

. The po:posi ty of :the so,nds in tho tables 
gi veil. byJ?3.nchei,~tGv{i s ancl B.arnes' l'1::inges f'l~om 2/~ for one of tho 
Bl'8.CLfol.'d sanus t((J) 23.8?~ fOl'.· 'One of tho' W'oodiJine. . 1J.ll'lG '::l'eatmajol'1itYll 
howevel" ~- l1avG lJ01'O:::d t 10 s l'o.ngirrc from '10% to 20;0",' It is statod. that 
the 1'101'~' i'>G:;;)r0.~011"tati ve sai:1ple's .,9.f: Bl'adi''Ol'''u f,kllll:L l"O,ll.ge (;i11 POl1.0S'1 ty 
fro~ 11~ to 13~. .' 

'l~one . o'f . thooii sanJ.s· in the' table havo' 
:porosities as hiCh as the ~lauconi tic sandstono. 



19. 
i:,. search vvas made tlll"ough numerous reports on 

the .porosi ty of oil sands and in none was l'leference found to an 
oil· sandYii th· a porasi tyas high as that found for the glauconitic 
sandstone. 

Its hi~h average porosity (~6% to 38%) there­
fore 30ems to place the glauconitic sandstone in a class apart 
from other know'n oil sands. 

The occurrenco of larse quantities of glauconite' 
in this sandstone, however, l"enc1ers it dif'fcl'lent fl"om oil sands list.- -
ed by Fanch~~,· Lewis and BaJ;:'nes OJ.1d.othol'" w'orlwrs and it seems 
likely that the Glauconite is in SODle wo:y res'Donsible foJ.'" the high 
pOI'osi ty. .r: 

Apparen t densi tie s Varied between 1.67 and 
1,.89 Grams pei;' cc., averaginG·.1 .. 72 f01'l.the top 36 f'eot and··1.76 
for the bottom 9 feet. 

'CoDpressive streng'thtests shovved substantial 
differenco s between wet and dry samples, Y{et· samples having con-
side1"'ably lower st1'length than dr;y-. The averag.0 t dry' sainple 
compressi ve stl"ensth f'P1'" the top 36 foet was 2,590.1bs. i)el'"' square 
inch Yvhile the aver'ago.·· 1'01'" wet samplo s f1"om the, 'SDl,i1e ::!art of' the 
glauconi tic sandstone' seotion YiaS 1,294 1 bs. pe:).. ... S\":1.uaro inch • 

. . 'Cnlculations based Oll. 'oil"produc-tion and lcnown 
pre ssure dI' i ve in the Irl1ray b01"'e give an aPPl'"'oxii:1atefigure of 
2.03 millidaroie ~_ fO.r. the .8:verage lle.J;:'me.abi.1i ty of the 25 feet· of 
glauconi tic sandstone exposed. This fig1...u'lo confirms, at least 
in order 0:' masni tude, . the ave1"'age of the permeabili tie s ob served 
(2.16 millidal'1ci.os) fOl'l tho top 36 feet of the glauconitic t?and-' 
stone in No. 10 BOl"'e \vhich' corresponds stratigraphically to 'the 
glauconi tic sandston.e expo.sed in the Iriu"ay bore. . 

Lql:o s E,ntraqoe ,ShMt. 

TVvo specin1Gns of polyzoal lim~stone W01'10 sub-
mitted £'01' perrLleabili ty tests. These corresponded to. depth!? of 
320 fe.et and L;.28 feet respectively fl'lom the surfaoe in the shaft ,at 
Lakes Entranoe o The, position of this shaft is sholivn on the locality 
plan, Fig. 7 ~ The specimens ,,'{ere .fqund to have no a:-ppl'leQiQ~Jle 
compressive st1'1ength "liihen thoroushly vvet and 'were l"eadily deformed 
by the pressure of the fineers. It "vas not possible to pl'lGpare 
test pieces in tliestandard fashion, but some c;y-lindG1'ls were cut 
from the spepimons by the diamond drill in the dry state. 

. The~e cylinders \V01"'e cut into sui table lengths 
and t he ends 8g,uro"'ed off in the @pecia~ holdeJ;.'l (Fig. 3). The sides. 
of the cylindrical samples, h0Hever~ were somewhat ir1" e £5'111 0.1'1 and. it 
\"i8.8 thought that serious ,leo.1<::a::..;e might oceur dOYJ'n the sides of the 
samples whe~l mounted in the l'lubber stoPIH31"L of' the Model I permearrerer. 
In or.der to eliminate this possibili t;y the sides of the cylindrical 
samples· were sealod'bymero1s of'-plaster of paris! The s~nples 
vrere c1anpened to ensure· that '.t he' plaster adhered l)ut were not 
suf'ficientl;y- wet to pei'mi:t sC3l"ious ingress of the plaste1'l into 
the central part of the cylinders. The plaster when dried was 
smoothed by means' of coal"'se·sail.dlJaper andaf'ter thorough drying 
the sample s yre1"'e mounted in the Model I permeamoter. .. 

No lJeo.'Cling wasdisce1'lhible in e i tber S'}lecimen. 
Three cylincl.rical test Saml)les we1"e pl"'el;arec1 fronl ttl;e s;"lecime.n 
collected at a delith of 320 feet~ but the orientation of thoil' ' 
axes 11elative to the bec1.dipg yras unknovm. . However, the axes of' 
the three cylind~rs' were l-)arallel to 'one ano"ther. 

, Two. sets of o;y-lllidrical test sa1111iles v;cre cut 
from the· specimen collected' at ';adepth bf428 f'Get, the axes' of the. 



-".' 

t"v"{O sots being at rii~11t' allC;los to on<.; ,?-l!-oti1er, Dut' their oriontatioI+ 
"'roIati vo' to the bod<lhl.[:l wa-s m'J2.:il.ovrn. 

Th~ ry,sulto of the toots cJ:'e set out in table 
f'orr;i ,"j:)elow." 

.... f' 01";',10a;Ji1 i tiT 
~ ...... .!.~~.:.w.. 
i~l:L1J"~cnx'c~e s.,' --------------,--,--_. .. .. 

" , .... 

320t No.: 1. 
j20!. No.2. 
320~ No.3. 

428,t .A. No.1. 
,426 ~ A' No.2. 
423!, :A No.3.:, 
LI.28 t , B No.1. . 

"428' B No.2., .. 

161 
193 
H.j.8 

87 
150 
172 
140 
139 

138 

, ---------~--------------.----------------------------
SDfllples Noiti. 1 ,and 2 (c1oIlth 320 f'Get) YlerC 

81i e;htly impel"f'ect cylinc1el~s, and had to be built to cylindrical 
shape with plaster of' pa.r>i s., The perr,18abili ty figuro gi vcn f'or 
these samples is~ the:t;'ef'oro"not as r.eliahle as other f'i[J,'U!'os 
quoted • 

. , " , The .. axes',of . .the cylinc1e-rs.- cut ,f'roin the· sDl11ples 
r,1al'lked A (depth 428 f'eot) 'were cut at riGht anglo s to those l!1al"ked 
B. The f'act that there is no appreciablo c1iffel"cnce in pel"'Deability 
between the A and B samlJlos sugGosts that bO'c).dine;.' has no appreciable 
influence on permeability althOUGh the possibility that each axial 
direction is at 450 to tho lJec1c1inc must bo borne in [1ind. To bG 
cOl"tain:of' the influonoe, if n11Y, of'lJeddillgg a third sot of vo.luos, 
corl'Gsponcling to SaD11ilos with <:C'cos at l"ight o.nclos to A und B "wuld 
be nGQded. 

., " ';' . The avel"age vo.luosof 167" nillidal'lcioo (320 
:t'eett and, 138 millidal'cios (lt28 foet) -'-J01"e for (lry samplos. It is 
px'oba1.)lc 'that 'pel'mciabilities of cOl'lj,,~os"(Jcyn(;in:~ 1i/Ct SalillJlos YfoulQ DO 
C6'1~'s,i:del'lubly. less· than t'boso fig'll..r>cm. "", ' .. J. 

I' • '. ." C"' _ ~ , 

c. g6!io.:Austr.&1i@';Diat'omit9,;i~'" u"!: .': '--, 
.. I .'. ',-,~.~::'':'_~ .. ,' _ ~_ ._, ~ _ ' ~ _ _. •... _ . _ . ~ _~ : I _ ~" ',_ ... 

'~:C'L"':":';:', ": ::Cl1~ :roi16~;:Li~G riotos ;ov~r"the ·rG'~'lJJ.ts of' tests 
made on' d.i o.t omit GS .. fronl" three loCQlft io i, ·:na[lelY '- .Gait'on" QuoensiEu~d, 
(Blaclc D~~9i~ c.1oJ?os~ t) ,.BOYiOri:.¥~~'k 0.11(1 :BQ.l"l"Qb~, ':NG~v SOUt!1 Wales. ' 

studied:;.·: 
~< , .... -' " 

,ThO' :folloYlini ~~-sic'Q.,ipr~pcrties Y10J:>O 
." -, -

" } 

\
a~ ~:pl)ar~l~~, 0.ons1 ty O£,.dl"Y l1.iatomito. 
b ,.l:'Ol'los~ty. , 

. c "Pcl:L1eabil:L ty. ", 

'( To st ' s'o.;lp10 ~ WU1"C', cut' f'rom 1 unl? Elater ial 3l'ld 
Wer'G cylinc!.:i."ical in Si1UpO. Tho appar8.tl1.S used in porosity ana. 
lX'}N!leuQili ty l"!lGas'lJ.!'olJlE:mts i.n ,<;lencrilJe~loal'11?LGr ,in this reJ!Ol"t. ThG 
remll ts of tho ,testa are sot out ,ih' ihc':follovlil1,Z- tuolo, and are o.i8-
cussod below. . .. " . ", , 
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... ,;\ -' . 

-
A C, '.1) 

Sample , Density 
Locality o~ Dry 

EQrosity . 
Calcu;l- Vgloo. 
ated MeDs-& Number ,S,amp,le 
% ured % t::!. _;:;..;;;.~~_ 

Black Duel\: 
Gatiion, 
Qld. 
No. 1 • 

Black Duel\: 
Gatton, 
Qld. 
No. 2. 
. . , 

Black Duck, 
Gatton, 
QueensXand 6 . 

No.3. ' 

Bowen Park 1 
N .S .• Vil. 

,-: 

.43 .79 
~ 

1150 76 
, 

, .' 
. <:.48.:. 77 

~'. . ! :': '. 

·1 

No. 1.. ,', .• ,'39 i'~ _.' ,81 
. ' ," 

Bowen "Park, 
N.S.W'. 
No.2. 

Barraba1 
N.S.W. 
No.1. 

Barl"'alJD~ 
N.S.W. 
No.2. 

" . 
. ;' 

f \ -' 

-,'t 

81 

82 

73 
±4& 

71 

67 

77 

71 

72 

1. ~pare~~~nsity~, 

! 

E ,F, 
I .' 'a' J' .,. d ill 

-. 

1,3.8 , 6.65 13.4 

• I • :::J$t:!!:!S_ I 
( 

:, .... - .' . l ' 

6.10 6.70 5.95 

.. 

11.4 6.68- 11.6 

26.0' 25.3 

o TIl'!:; saf:lples v/ere dried in' a hot ail'" oven at 
a temperature o~ 150 C. :for approximately 30 hours and_a~ter oooling 
in a dessicatOl" vJere care~ully vreighecl. Theil" volur:le was calculated 
~rom the measul"ed dimensions of the oylindero ' 

'" , . As the measureraent of' dimensions had an 
aocuracy of not bett 81" than ± .1% the vol ur.1e so determined is lialJle 
to' aIt errol'" of apll1"'oximately ± 3% •. 'The United states .Depal"'tment ' .. 
o~ Oommerce~ Bulletin 266 .on "Technology and Uses o~ Silica and Sand ll 

gives a table of 8:.Qparent densities of some United States diatomites. 
Of the tv/elve diatomites cited, the avel"age density iR 0.58 gram 
pel'" ("c." Three ci.tatomites are lJeloVl 0.43, 'the lowest, beiJ.'1g 0.399. 

, '( COnTparinG the Gxpel"imentaJ.. results tabuJ..uted 
above ,with these figures we see that as ~ar as density is concel"'ned, 
the Bowen Park and Barl"aba c1iatomi tes COfJlpare ~avoUJ."ably with .. ·the 
lowest density United States diatomites, while Gatton diatomite 
is lower: than ,the nvera[!e for the Unit eo. states diatomites ei ted. 
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c As 10\JT apl!ercm.t cl8nsitJ is one or tho l,lOst ., 
dosil" a.ble. ·featul"e s-;>\"'£h<'}1 .. e~,'1::tet:t>t:::icns.vJ.'e:·ii4bn·iB··,.00.no(nl.nOcl~. ,·i t -\"{Gulli sc-ar:1.c, 
that BOVion.'pa:i..'l}: 3.nd Bal"l'l'aba Qiatot:1i teG illiGltG .. COE1paI'8 favour,J.bly v-rith 
the bett e:P='~~!J:ual i ty D~1:-i:,t-e8. S tEl. t e s u. latoi.li'"Ge: 8-' >in t hi G 1--<9.s:p 00:t;. '.' ~,;~,.~: :-:=:-\::'" 

---.- ." __ .~ \._ _~~ .::--__ L .• _,w~.:...,.;;;::._~_ . 

. i \ " ~::~:·"·A~~· 'p Ol~ 0 sit y. .: ~ :.' '., ,:",' 
.. ',._. _ ... ,' ... ,~- "~ 

." ~It -·~if·ii·l:-·.:t)"O~O;)-sc:llve~l tll(:tt' tl'le tcl;lu1-at-iD~Il -3ive.s 
tyro i'iCUl"'c s :i:'ol' pOl'losi ty •. ono 'vih:Lc h ['.8.8 boon calculat'3c1 on the . 
a.ssU'Jption that the tnJ.c dCDSi t;; of thu UC1.tu:,:' i[11 co ;p;::' i3in;; tho 
Qio..tomi-ce is 201 ~}l1/CCD (seo Eal"cJ.le;y-W:i.lmot })nce 6)~b)(".nd ·Gl-;.e otl1CH" 
fisuI'e is the i ' 08Ul't of' cJ.ir-Dct lJc:J.sn~L·emv.,nt ~)~/ J,n eX;)[tncJ .. j,nc ail" . 
methocl. (FiG. ,9),,~, .. ~:It,.1i~j,JJ., 1:?E? i2:?tGc.l t;l~l:t the calcu.l;ted fiCUl'l(: is ' 
!ll'r;' .... u·'l.., ;1 .... AClf"l~' ).·,n'''c;~,,-'l>'··,: --T";:;-;-'~·~r'~~·--"G\'lt,>:",~~,o.:j'}"-'J.'_':'~7;'1-::, .... n+i J· .... c r<:>Q'''' ol..l, ~_ ....... :.A......W:l.u..),d '~""" alJUll,v ....... Cto , IJ,v.L -..J Cl..l. I!.:! \','J;'C.1 J:)-'''')'O~D,~,...)~.:!-\:l;.~'~~A~+.~''.J..v..J.,l-_~ ?.l..,J."Q, __ ~_ ...J.._ ••.. ' 

t'hi8~nar;1e'ly:- ' . 

(1) Th"'t t'''le "l8.,J- e-"'l·:::Il cOl'r~''''l'C'l''I'-c +1.\" ..J. C,... L.L 11... U L ..... \, l.lJ.L a l_ --.) U 1- (,; 

donso tilo.n 8.SS,Ui1Go. (2.1). "';' 
is less 

(2). That ,not all tho <=~iF ·"S\'IElcobv/i·t:;bLl,,·bbo. s)cCimen,c3 arc 
intor-con~lGctocl anD. t;.1<:".t SOi'.1C ~'.ro cOLlJ,Jlctol;y onc1:)suc.1. 

In ol'lder to ma2-co tlle cc.lculo.tocl porosity cr::,uul to tho.t i:1GD.SU1'ec1, it il.1 
nocessal'Y to asstJf;10 donsities of froiil 1 .. ~. - 1.7 fOl" tho L1C~to~"'li2..1 C01:1-
pri sing. tho diatoll1i to s. :' S lIe h donsi t io s ct~t."() {d'l" too low to bo c01'1-
sic.lo_:rocL,prQbc~Q.J.o, •. 

As re8D.rds tho second possibility it must be 
. em,;;)hasized that the [aethod usod to meo.SU1"0 po1"osi ty dori1nnds tho.t· all 
tho ail'l space s wi thin .... the spocimon should be intar-coni1o,ctod and able 
t.o. .c.o.ntxibute to ,tIl0 ctl1:~l".gO .0f ... t:'lir·li1"OssU;e,o "on .vrhich tho ,mothoD.: is' 
based. Ti1c fact that tho 1';leo.sU'r'ocl pOl'osi ty diffors appreciably :f-rem 
the calculatod is talwn as proof that such COE1}loto intor-c0nnoction 
does not eX~lst and the differonco betwoen liloo.surocl a.nd .calculated·, JI 

values' If:; 0. i'i1eo.sU1."O of ,tho' det{1'10e of intc~e-connoctio1'1. ' "' .• 

Thoro is no obvio us l'lolation botwcon tho--­
dO[3reo of inter-conncction so doterrainecl ancl llcrmcnbility c,lthough it 
p1'oba1?ly is n fa"Ctol" of minor ill1port~~nco in cJ..eterminine; tho perno::- , 
~~bili ty. The· most im:;;J oJ.,t an t fo.ctol" is -.pl'O sumo.bly the aree. of. c1"0'88 
s.c.c.t,io.n .Qf .. tho c,ontinuQlJ.s o.ir'~C'ho.nncls. .. ." ... 

. . Tho f'iC;Ul'lO'S of peJ'iJco.~Jilj.ty :.:;ivQn in the 
t,aJJ.l.e ... _O'l'l_e ..... s.po.cificp.eI·r:~o all;Ll..:tE)E.i"Si'·"± .·b-"T,·,.t";'10i.T Ql'lO .ind.ePQllclcn):t, pf the 
viscosi t;y of the fluic1 u3ed for tho UOC.'.su:':'oi'.!ont. 

~. , 

Ail" 1!V·CJ.S usoel 'in,je h0 se det 01' minut i011S nnel 
pcn"'mcabilities 0.1"'0 ex:-,Prossod'i1'l mil;l.icLo.rcies. 

, "~~"'" 

-, Tho clY:lindXi:L-cctl SL.~mi)lcs of cJ.io.iilOtc~C' o.pprox-
imutely 2.5 oms. WO':L'(; <lr'il1ec]. Trom .,tho l'L'lt '.;ri2l ,to 'be testod by r,18a118 

of ll. cliamond cLrill ~. the £l'ecimen:-"boir1::.; thoroughly ''$ool-cod in W[(tol" 
pl'lior to drill inC., . TIle ends· 'vV:Ol'O, , tI·il.~muc.~ GO tho.t theJ Vv-OPO ::"')2.:C'Qllul 
to. 0Qch other anu nOl'l,llal to tb.o ;2..xct~Lo:e 'th.o cylindo~ tho l(m:.::th of 
the cylil1.(lel'ls beinG G-1)l)1'lOxirils.tely.:;·2~,5r,.6q.,::'- ~:A~1 C:~XL11"·~101u ·.')f dinr.lOter 
approximately 0.8 cm. \728 then driJ.l-c~': 'thX'ou[~ll t~1e cylinde11 s o.n(L t.he. 
])repal'ecl SG.li1lilu.s' WC1'U mounted ill' tho 'Modol II '}erli'loai'llJtoI' "so ths.t· ,', 
tho l"ato of floVi of ail" in Cl radial cl-ii'loctiol'i c'oulc.l bo mectSul'lcC:'. 

~ .... " 

Aftor -air D·X'3rl1'1[}.·fo.'(· severo.1 Qc1YSp01"r)e~1 
::.'iJili ties WOl"'e dotermined on the G.iJ:.' dried so.[;1,;)18 s which Viera t:1cn 
CD.l'lofully vv-oiC;hod, ttlox'oughl;y, drio,6. o.t d, tOlil:;'i8J.'lG.ture of' 150°0 foX' 
sov()l'Ql c.lay s; v{eighe(L El[)J.in 2nd, fino.lly ,the'''lJ01'lmouoil i ty Vv'!8.S. aGain' . 
moasurod.· .. , " .' :,,,. - .. ,. 

taste 

,:' "-.j }.;. : ..... ;... ",.,\ \! ,;, 

Tho table ;ilbGVB "s,rj'cl'I7EJ tho .1"'Gsults.of' this~ 
UnG.or 001 U'l1l1.S E nnd P 0.1' 0 shown :Qol'lr.le::i.lJili ty anu moi stm"'c 



content I'ospectivelY1 of ail" dried samples while in Column G are 
shown permeabili tie s of oven dl"ied sadples. 

I . __ .' _ 

T,he permeability wns found to be tho sc.me l)c1'ore 
o.nd "aftex'- dryin,::; 'vv-i"tl-iin the lii!1its of cxperimental erJ'Ol". 

"In all oxcept Black Duck No.2, the c.xo s of the 
cylinc1I'icnl saE1ple"s wore nor'mnl.to the bec1c1inG' l-)lo.nos vrhich Viere 
reclc1ily discernible upon "vlettinc tho x'aw matorial. With l"ac1ial 
floYI o.s E1easm"od in tho permeabilit3i tosts, tho floYI ViTaS parallel 
to the beddinc~ In tho CClOO of BIo.ck Duck No" 2, hOYveVG1~, the 
axis of the cylindx'ical sai~lple vlo.S pLu"o.llel to the bedo.iU0 and 
thus tho radial floyr was po.rtly along the beO.ding and partly aCl"OSS 
t'he bedc1inCeIt vdll be o'lJservec1 t hat the permenbili ty of this 
specir,lel'l (6~0 millic1nrcies) is apllroximCltoly half that of Blncl~ 
Duck Nos. 1 and 3 which sUGC;osts that the perme2bility nOl'1mo.l to' 
the lJoddinG is vory much 10"v-wr than in tho direction of tho bodc1ing. 
On tho other ho.nd a measurei~1Cnt of pe:eliloClbili ty across the beddinG 

. was made in t he caGe of BO'iJ"en P ax'k No 0 2 specirllen o.nc1 the ficure 
(41.7) obtaineci. chc1 not differ GrcD.tly fl"om tho.t' oiJto.inec1 in No. 1 
specimen (46.5) for flow in the dix'oction ')f the ;)eddinG. 

D. E£ma Sandstone. 

DurinG the construction and eo.rly stages of devel­
opment of the perr,leaiJili ty and poro sity appnratus n m.llil1Jel" of rocks 
of varyinG types were pl"epaI'oc1 ns tost saLlples for the l")urposes of 
developinG the techniqua. iUW)nGst these 1'"'ocks was n piece of sand-
stone which, nccol"ding to n Inbel attached to the specimen, was 
l"eprosentntive of one of tho natural gns horizons at Roma., Oentral 
Queenslnnd. The nunber of the bore and depth from which the 
specimen vms tolcen are Ul11::nown. 

The specimen Yas a piece of 3 inch drill core 
approxililately 2 inches lonG and fl"OEl it WOI'e c1rillod a m.:uabel"' of 
cylinc.h·ical te st sample s 1 inc~1 diameter and apliroximntely 0.5 inche s 
long. In all, six test samples were prepal"ed and pel'moability tests 
were made on all of these and porosity tests on :Em.u'. The rosults 
of the tests are set out below. The san1ples wel'1e ovon cl.~:'ied befol'le 
testin8. 

Sopple 

No.:. 1 

No o 1 
No. 1 

No. 1 

NOli 2 
No. 2 

A 

B 

C 

D 

A 

B 

P eril!8 a lrt,;::l~i~t"",y ___ --=P=_ . ..::.o.::.r..::;o..:::s;.:::i:..::t ..... 3. 
millidarcies Per cent. 

61, .7 and 62.1 

53 
59 
56.8 

53.7 
52.8 

~A & B tocether. 

14.8 
16.8 

-------------------------------------------
Mean Value 57.0 

The direction of flow in each sww~le was parallel 
to the bedding~ 

The pel"l11enbili ty fiGure s al'le much more even than· 
those obtained in tests on glauconitic s8.ndstones~ tho maximu-a 
departure from the meon beinG less than 9 per cent. This can be 
attributed to the even-grain of the srunples. 

CAJ'.l13ERRA? A. C II T. 
2nd February~ 194~. 

----------~-------

R.F.THYER 1 

Geoph;sTsici st • 
. ...... -
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CI 

FiG.4. MODEL I... PERMEAMETER. 

Specimen:- Glauconitic sandstone, Bore 10, Lakes Entrance, 
1291.5 ft. - 1294.5 ft., No.48. 

Diameter = .97 inches. !~ 

-~-- T 
t 

Area (A) = 4- 75 cm2• 

Thickness (t) = .838 cms. 
Air temperature = 62°F. 
Air viscosity (N) = 181 x 10~4 .centipoise. 

. ................ ··.1 

1-11 H2 
Inches Inches 

1.90 -.06 
3.37 -.12 
5.07 -.18 
6.98 -.23 
8.69 - .. 32 

10.52 -.36 
12.29 ..... 41 

K = 

= 

<d 
c 
0 
C) 
(l) 

OJ • 2 
~ 
(l) 

w 
(l) 

~ 
+l 
Q) 
~ ... 

or-! 
+l 
C 
Q) 
C) 

C) 
or-! 

r§ .1 
0 

H HI -H2 PI-P2 
Inc~es H3-Hl 

Inches At!O})hs. Inches 

2.17 1.96 00042 .27 
3.88 3.49 .0075 .51 
5.85 . 5.25 .0112 .78 
8.06 ' 7.21 .0154 1.08 

10.05 9.01 .0193 1036 
12.13 10.88 .0232 1.61 
14.19 12070 .0272 1.90 

- ") 
N t ~ 10- mi11idarcies 
-A~~( P~1--P=-2-)-

1.81 x .838 x 8.35 x 10. _ 
4-75 

Specimen Noo48 • 

.... H.'" 
Q Q 

cc/sec cc/sec 

.033 .033 

.062 .061 

.094 .093 

.130 .129 

.164 .162 

.. 195 .192 

.230 .226 

26.7 mi11idarcies 

Mean slope 

-Q. 

rr1-Pg 
7085 
8.13 
8.29 
8.38 
8.40 
8.28 
8.32 

= 8.35 cc/s·ec. /atmosphere. 

.01 .02 .03 
------------~------____ ~-L--________ ~ 

Atmospheres 
/0/1. 



Specimen:-

.. 

.. 

1.10DEL II. 

Glauconitic sanastone, Bore 10, Lakes Entrance, 
1291.5 f't. - 1294. 5 f't.. No. 54 • 

External diameter::: .. 99 lnches (2rl) 
Internal diameter = .30 inches (2r2) 

Thickness (t) = 3.26 cms .. 
Air temperature = 630 p. 
fur viscosity = 181 x 10-4 centipoise. 

PI - P2 Q Q ('! 

Atmospheres cc/sec cc/sec PI-P2 

00056 .060 00595 10.6 
00107 .119 0117 10.9 
.0160 .173 .171 10.7 
.0205 .230 0226 11.0 
00252 0281 .276 10.9 
.0302 .342 • 335 11.1 
.0353 .405 • 395 11.2 

K = 
1"1 

!iI,loge 72 _ x -Q x 103 millidarcies 

= 

= 

.4 

21ft 

1.81 x 1.19 x 11.15 x 10 

6.28 x 3.26 

11.65 mil1idarcies 

Specimen No. 54. 

mi11idarcies 

~,~ean slope 
11.15 c,c/sec/atmosphere • 

• 01 .02 .03 .04 

Atmospheres. 
/012 
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Fig.6. 
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RIGBY !sIAN£) 

• Zmrc9.Y 1I°106oY<?rnme 

~ SHAFT (ApPROX.) 

·l 

• .rosters 

TOWNSfllP 

SXfTCH IffAP 

lAKeS fNTRANCf f)ISTRICT 

SHOWING 

Pos/ tlO/? or SOlne OT tile .dOffS 

• !Jore} 01/ round 

.... "J no 0;/ 

SCCJ/e / N= 20t!::hs. 

/014 



--------------------------,--- ---.~-------..--- .. ------...-.----
Description of Section 

~\o. 10 Bore 
(af~e~" !'i:G~Ha~gatt & f 

'-' .d.Blnney) 

Position 
, of' Test 

i Sample! Pcrmeul)illty Porosi ty 
i ~~uIJlberi ____ J:.tl_l~ill :Lc:LClJ.:9J-_(J..§~~ __ j~;ycc lit Voids 

Density 
Gm/cc 

I SUElple in I i Obsorved I i AveraGe Obsdor-I C~;·~I' ·O?i..\bre:cac;e 
, Section I live Cl:w..·~: ser·, I, 

Compressive 
Strength 

Ibs/sQ.uare inch 

I I I I ,ated l ved ' 
--~-------------~----~~----~--~~~--~------r--- . I , ---·~--~-------+I------------------__ D...;;,e.-;;.:J...;,t_..h _____ Thicls;:- Descri]2tion -+ 1257: to I Specimen: top sof't to prepal"~ f'ori tests. i 
___ ~ ____ . ..;;.n;:;..;e;;..:;G;;.;;'s;,__-----_,-~ 1259 I i l 

1255' to 2'0" i Fine-grained. No 1--1-2-5-9-'--t-o-~--1--~-0~.~-17~~~P-~~-.-1-2~--~---· I ~--~~-----~I--2-86-0-D--~-~~ 
1257' : oil. 1261' 2 0.078 P '-1__ -t' 1090 Wet -..-, ------~-------~-,-----~--_t-.--.,-,-,--I---+-----+~-~,-t----l --........ -.....,._. ----------
1257' to i LIedi urn-grained. 1261' to 3 -j .33 P -1.2 I 2420 Dry 
1261'3" 4'3" 1 Oil stre~s ~I _1_2_6~3_'_~~~_4~~--i-.O~_-~~p-~~~~--~~~~~~~-~---~~~~ __ ~~~1-0-6-0_W--e-t-----

: throughout es- 1264' to 5 x J.i1 C 38.9 1 2680 Dry 
i pecially in lo?!·, 1265' 6 0 .. 103 p 04 l+1.0 3[3 6 ! 2400 Dry 

E 

1261 ' 3 II 
to 1264' 

er 2 feet. 7 x O,,05 p ~ 5 35.5 • I 1240 11et 
! 8 x ~. 015 p 39.0 

2 t 9 II 1 Hard $ She lly • I 
i Slight oil show·- ' 
i • ! 
i lng. I 

----------------~-------------------+----------~-----+-----.-----~--r_-------+----~~--~-------~---------+------------------
3 to" Hard, Shelly, 1265 t to I 9 0 .. 2.0 P 0 36 , 1264' to 

1267' Some thin soft 1267' 10 O. j2 P • It 

bands with a I 
2980 Dry 
1295 Wet 

little oil. j 

-----------------~--------------~-----------+-----~.----------+--+----.----~------~----~------+-------~-----------------1'7" Several sholly 1268 t Slecimen vO'C'y sholly - unsup-tabl~ fox' teEts. i 1267 t to 
1268 '7" bands, Oil 

I stre~s a few 
inches from top 

of core. 

,3 t 6" Hard, Shelly 1268 t to 

I
: with two soft 1270' 
I bands near 
i bottom, Dry 1270' to ___________ ,~' ____ ~I-------__ --__ -----I 1272! 

1272 t 1" ' : 
to 1273'7" ,1 t 6" .I Fairly Hard,Dl1y 

11 

12 
13 
14 

Ott~54 

0.072 
0.053 
0.93 

p 

p 
P 
p 

0.15 

0.38 

! 1350 Wet 

11450 Wet 

1273'7" j 
to 1275'1" 1 '6 11 I Slightly sof'ter 

i than previous 
118 11

, Dry 
I 
I 
i 

i 

1272 t to 
1273' 

1273' to 
1275' 

15 
16 
17 

.08 

.J3 

p 
p 
p 

p 
p 
p .13 

18.50 Dry 

1010 Wet 

1020 Wet 

-=1~27~"5~l=1=t='=t=0======~:======~=======-·1-t~1~'2=·7=5~,~t=o~·-+~==:==:~·-----~==~-~--==·~~=-=-~'=-~~~·-~·--~-~=-~-:::-=-=,~===~====~================ 
1277'11 11 :2'10"IIVery hard with 11276' S:C:'l;cLlen ver·T liard - ~ound lnpossi"ble to Ehape tes samples 

1.8 
19 
20 
21 C 

32 
37 
37 
39 

x 
x 
x 
x 0, "'7 

... ! 

II two thin soft ~---------~-----+---------+-.-~---,----+_--.--_r----+_------1_------_i.----------------.. ---, 
bands, Dry 1277' to 22 tlL~8 C 43.5 34 _ 1.72 1580 Wet 

I 1 278 t 23 1 .31 C 42.2 34 '1. 73 

II, 24 2.0h Pp 
25 2.1+0 

3907 
1f186 

26 ,,71 N' 
27 5.86 N 

34 
, 
I 1.715 

28' .JI.1 N I 
----:=-========~====-=======+======-===:I=====I====~::::::=~=+==========F=====f::::-==:::;=:::::::====:J:===::f=======-
'1277'11;' to 3'0"IAlterl~ating hard 1278' to 29 7.12 p 6 2960 Dry -
1288'11" land soft bands. 1280! 30 4.25 p 5. 9 

Oil shovri ngs in 
_ latter • 

. '.. .~- -, - -, - -'. - . .- . - - _. - - .,-
1280 t 1111 I' 1280' to 31 0.096 P 0.096 

-- -_. -,.--

to 1283'11 i1 3'0" Hard mainly, 1282' 
I Ttwee 1" soft I--------+---~------I---+--------+--~--+---+----+------+----------

1282' to 32 0.093 P 
Ibands, Dry 1284~ 33 0.059 p 0.076 1850 Wet 

~-===========*============~==~-====F===~======*=~==~~F===~==~--=:==~====~=======.==~= 
128j)' 11 lito 
12lJj 15!! 

1-285 t 5" 
to 1287'5" 

1287 t 5" to 
1291 t 6" 

1291'6" 
to 1294'6" 

1'6" Hard, Shelly, 
Dry 

2 fOil '1' op l' soft, 
bottom hard 

8" Soft, Oily,loose 
ii' 5" ~fine, even 

_ Gr~ins highly 
polished and 
'{ell rounded. 

1'0" Soft, slightly , 
1 '0" Dily, f airly firm~ 

1.285' 34 .73 
35 .99 

N 
N 

.86 

]\jo' sa J1pl s availalP.e 

_ oily at base. I 
I : : : I; I ~ - 4~* -__ -:.-::_=-::::c..,....,=* .... :::.--~~====*·:;;·---:::;;;:----.-~*==:j::::::===*=====*========:::. 
!Friablo, dark 11291 f to I 36 ! 19.7 p 3375 31 1.82 700 Wet 

3'0" 19reenish-grey 1 1294t i 37 ,I 3262 •• 58 p 32.4 36.7 1.77 
sandstone. No ! (Sample I 38 C 38.36 , 1.67 
'fe',reaction wi th ; from Vic- 1', 39 6.L~ N 60.4 ! 

etroloum \ torian LJD I 83.3 N : 
ethel". (Core ; Mine s i 41 1119 p ,I,' I 
lrecovered IDept.)! 42 1135 I p 1 I I , 11 t10") : I, l • _ _.....: __ -:.,..1 _---.+-____________ ~l'-"-___ .r--_______ _ 

f •• 



-·2-

Description of Section 
l\jo. 10 Bore 

;Posi tion 
:of Test 
!Sample in 
, section 

Sample: Permeability 

(aftel'" H.G.Raggatt & 
J. Vi .Binney) 

:r:~umber L in Qlillidcarcieq 
:Observed \ ,Average 
i 

,~ ____ ~~~ _____ ~~ __ ~~~ ________________ +-_____ 1-
Depth Thicl;;:ness , De scription I 

1291'6 11 

to 1294 '6 fl 3'0" iFriable, dark ;1291 '6 ft 

:greenish-grey : to, 
isandstone. No :1294 161t 

!reaction with l( Sample 
:)?etroleum et her. ii'rom 
i~Core recovered ;IvI.R.S. 
: l' 10") !collection) 

I ' 
I 

I 
I 
I " 

i 

I 

-------11-----' ..... : .,.' --------__ ----..!----t--i i 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

1294' 6" 
to 
1300'0" 

5'6" !Light grey, fine; 1294t to 
leven grained sand. 1300' 
I-stone with some· 
coarser grained ~ 
hard bands. Foss-
ils at top. Verry 
slight reaction ' 
to petroleum ! 

iether (Oore rec-: 
;overed 5'6 U). i 

• I 

MEAN VALUES •. 

57 
58 
59 
60 
61 
62 
63 

1255" to 1291 v 6" 

1291 t6" to 1300 f 

I I 
I i , 
! 

I 

! i 
! I 23.2 I P I 

33.6 " P I , 

I 25.7 
i p i 
! 

27.5 I p 
I 

I 24.9 i P , 
26.7 I P i 

47.2 P I 31.5 I , 
82.0 P I 

! I 

12.1 I P 
45.7 ! N 

I 4.8 , N 
11.9 i P 

I 
I 

16.3 i P I 60.9 I C 

55.5 P 
40.5 P 
56 ~ 

34 N 

I 45.1 
64 N 
39.5 c I 
2.6 P I 

I 
i 

Porosity 
Percent Voids r 

:Obser-: Cal- ; Average 'I 
I ved cul 'Obser - -
i ated ved , 

I I 
i 

I 
I 
! 

I ~ 29.1 
I 

i I 

I I i 32.3 I 
! ; 

I ! 

! I 
I 

I I 
1~35 

I 
35.6 I 

i 

I 
I 

I 
I 

I 
i , 

i 

I 
I 

39.6 , j 
I 

I 

I 
I 

I 42.0 I , 

! 38.391 31 
! 

I I ' 

; L~1.2 ! 33 I 
I i 

I i 
I j 37.5 
I 1 I 

I 

I I 31.8 I 28 
I I i I 

! I I 

I , 

t J 

x Permeability values marked thus are approximate .. 

Density 
Om/ce. 

, I 

1.81 
1.75 

1.89 

I COli1pressive 
: Strength 
i 1 b s/ square 
, inch 

I 

I 
I 
I 

-
730 Wet 

2590 Dry 
1294 Wet 

715 Wet 
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