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REPORT ON THE PERMEABILITY, POROSITY, AND OTHER PHYSICAL
PROPURTIES OF A NUMBER® OF ROCKS AND MINERALS e

e L ' Report No«19Lh/1. -
T ' Plans NOs 1010 to 101L inclusive.

INTRODUCTION,

This report is written primarily to prcesent the
determination of the permeability and porosity of a numbcr of rocks
and minerals, but it has also been considered advisable to give a
brief description of the differcent kinds of apparatus designed and
uscd in meking the uotenm1nqtlonp. ;

*

. The matcrlals on which the teutu wcre carricd out
included a suitc of spccimens from Noe 10 borc, Lakes Entfance, two
speccimens of limestonc from the shaft which 1s being sunk at Lakes
Entranccy a spccimen of sandstone from onc of the borcs at Roma,
Queensland, and a numbcer of Australian Glatomitcse.

The method of nrooontatlon adoptcd in this report is,
flfutlj to describe the gpparatuscs: uscd in making the Octorm;natlonb
and the techniquc. adopted in preparing the-spcecimens for testing and -
socondly to discuss the results obtaincd for cach set of spccimense

: .In a@dltlon to the oermpa0111tJ and porosity tcests
alroadJ mentloned, a number of tests of compressive strength werc
madc on wet and er sampleu of dlauconltlc snndSuono Trom qucu Ene
tronco. . ‘ o DL . :

The wrltcr wishcs to acknowledge the assistance given
to the 1nvcst1gatlon by. Profcssor Ce Re McReaq, Prinoipal of the . ‘
Sydney Teachcrs' Collcge who made avallable the facilitics of the
College workshope Mr. Re Cullen of the.workshop stoff mode the’
mcchgnlcal parts of the apparatuscs and the design of the model. 1T
sanmplc holdcr was qugoly 1nflucncod by his holpful criticilsm qnd
adviccCe W IO e .

oo AcknONlodgqmont 1 dug also to Mre Le ThOWnton, Roqu
and’ Bridges Section, Dopartment .of the Intcrior for permission to use
the diamond drilling machinc .for preporing the.tcst samples ond, . .
other machincs uscd in dctemmining the compressive strcngth of the
glauconitic sandstoncs. Thanks are also duc to Dre. F. W. Clcments,
Director of the Cormonwcalth. Inotltuub of Anotory who nade available
some of the auxiliary apparatus uscd in making the dotornlnﬁtlons
and calibrating the permeamctoer flowmcters.

@mmm&mbmwwumwfﬁ

I Pormeqbllltv.

The qppﬁfﬁtuses uscd in meking the permeability and
porosity dectcrminations wérc d651rnad~bJ thé wrltcr and were con-
structod in tho workshavs Of tha SJO} y Tcaebers Collegce

- . N o
. Tvio sepﬂruﬁo aopﬂfatuSC were uscd. in the permeabil-—
ity tests They are SlMll”f An principlc-but diffcr in the way in
which thc samplc is held and in the constr tection of the flowmecter
an% manomctcr, »TnoyMW1;l Ye reforred to as modcls I and II peormco-
meters. e T T ' LT T ‘ .

Ao Model I'q;Pdgméametqg;

- . Fige 4 shows the genorql layout of the permcamectere.
It COHSLStS of (a) a sample holder in which cylindrical samplecs arc
held under compresgion-in a tupofbd ~ubbor stopper, (p) a flowneter

T B - R . . N N
L ~ - - N N M
. - ’
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comprising a capilliary tube Cﬁunkutbu oecprwss a allfcrential

L : Lianoneter,
(C/ a ”uodlo valve for COﬁt“Ol¢lﬂg“ﬁlb ‘riote of flow tacou 1 thc sy otati.
duxilicry couipnont -ineludes - Gy ing” tuoo-ﬁn tho-intake oile of the

soiple holder and a vecuw: DWDe

o The rignoneters e £illed with oil of low vanour
pressure and of sncelific grovity 00865

(a) Preporotion of tLo saimlCoe

vEed

1A - - . e [SPSRNE DU R _l I -
Ehe mateeicdl to be cioamined is I :,u sotura
. A1 3 - A h I -
* cd din o dlamond Griliins machine and a

wiivh wrator It ShoT moun 3
o*linuf¢c~l CCro

is
T Clamctor eporeoxincetely 1 inell is bkt Teon 1te I
;oixrcd ig gtrotbificd the cxiz of the core is nade
l, thwes the

ig to be

O
the samplce bheing o
}arnLWOl, Or DOrHG o, the xnovn bedding:. Q“Wuﬂd¢ﬂ" on Wi
orm qbll_tJ in tho circction of, or norial o the buuu'u

The corcs are then cut into desircd lengths (from
O0s5 t0 240 cile) by ncans of a hacksaw, mounted in-a speecial holdorp
(scc Fige 3) and the conds made flat and normal to the axis of the
core by neans of coarsc oriery papcr or a coarsc. filce -

The prevarcd semoles arc then thoroughly dried in
a hot air oven at a tompcraturc of approximatcely 1509C. If any
appreciable quantity of 2il is orosen% in the sample. it must be re- .
Loved by extraction with r0dlstlllo@ benzone or other suitable
solvente - An apparatus was constructed for forcing benzenc through -
the sarples for the purnosc of washing tbom,but it was obvious fron
the- lack -of dlchlJuratlon of the cmerging benzene that no apprce=
iable gquantity of -oil. .was prescnt in the sanplcs so treatoed.

(b) ngpting;théfSampl¢~for Testinge C

L L _ The design of the model I sa ho%%sr follows
that doscribed by He Ce Pylc and Je Ee Sherbornc %1939) *The driecd
cylindrical samples arc nounted by guuhlnf therr into the cylindrical
hole. (diamcter slightly loss than 41 inch) in o tapercd rubber stopper
which in turn is mounted in the taperced brass slceve of the sanolc
holders. This sleeve isg then soated on the rwbber gasket in. the
basc. .of the holder and cap.is fittcde - Pressurc is applicd throuch
the.cap to. the rubber stopper by ricans of the compression screwe.

The. action of this screw is to Torcc the rubber stopocr into the
tayerod sleevey, at the same time corpressing the rubber and noking
tlghu scal bctwuen it and the sidos. of. the saniplce
The drying tube, nenonecters, ncceddc valve ond
vacuwl punp arc eonnccted as shoun in Fige 1 and the apparatvs is
ready for making a perncadbiility doterninations '

(¢) Readinga

, he vacuum puwmp is now storted and the ncedle
valve adjust until the 211 levol | H ) ¢1 the left hand mononeher
tube riscos ut 2 inchess  The ol 1 s intainca wt this Lovel by
WalWDulQuTH the necdle valve while the 1evels Hqs udm w» are
rea T This procoss is repcated with iy ot d
[
H

cd
ano

0 *0 the uoxnuwz obto lnaolb. The ncstirmun ob 1nabiu &em;nté on
the rcading Hz which is alwoys grbﬂ cr thar
L

'bé," an oirount devending
on the rato of ;low and ncnc G drov in -Hecssure throush tho
i

capllliiary tubc. The apparavus L ‘”uVlubU with intepchangechle
conilliary tubes so that o wide ronge of prates f fiow can bu

¥

aondled convenicintly e SR

- 2" Phe amell U-tube manonétor mounted ad the top
¢ the drying tubo is observed From bdime to -time to wake sure thab
there is no drop in pressurc across the deying tudee- The .rates of

(1) Reforcnecs ot the ond of

o

the report.
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flow generally obscrved are found to be too low to cause readings

Othor thun,zoro on thlu manometer.

: The vacuum. punp uscd in thc s¢ tests is a small oil
pump, but this could be’ TOplTCOQ by a watcr jet puip because the
vacuuwin pump need only provide a vacuwm of approximately 10 cme of
mercury at a low punping rate to provide uatlsfnctory wvrklnr condit-
ionse

~(a) Calculation of Pormeability from the Readings.

’ ‘Providing the flow 1is fstrodmlincd', the rate, Q
at which a £luid will flow throush an area A dcpcnds onie- .
(1) " The arca A. : ‘
¥ P-1

(2) The thicknesé of material t. »w—-¢“-“\\ L
, . , ¢ ’ L ‘n' "
(3) The pressure difference P1—P f:‘ T J
) ‘ ‘ . 2 ) .\\* . S
(L) The viscosity of the fluid Ne - 'ﬁé““"’ | f!

(5) end a factor characteristic of the specimen and
called its specific permeability (K)se -

The se parwmetors arc conncctcd by the followihg'express—

(A) X = Nt ._9
| o AT PRl

.In the case -0of a compressible fluid (qlr) the ratc of
flow Q must be expressed as the ‘mean rate of flow within the speeimen
(usually written ). Q is determined experimentally by ucasurlng
the drop in pressure across the capilliwry tubc, lecs by (

initial callbratlon Elves the values of § corresponding to alf%erqnt
values of H is calibration is made with the 1nlct end of’

the caplllléry tube at atmospheric pressurcy; iece Hy = 0o  The ,
values of @ oObtalned experimentally must be adjustec to the mean .
ratc of flow ¢ - by means of a corfbctlon factor whlch depends on the .
values of H1 and H3

ion:- ‘

- The drop in pressure(P -Pg) across the sample is
determined by the rcading H1 (H b01nv agsumed zcro) because Py =
atmospheric pressure, aﬁﬂ‘Pz atmospheric pressure = Hy inches of
O0ile ~ e o , : S

If the flow through the spccimen is viscous (streoam-
lined) over the observed range of values of Hq then a straight linec
will be obtained by plotting § against Py=Poe Conversely if a .
stralght line is obtained by plottlno 8 against P -P “then tho flow :
through the Dpeclmen is streamllnud ana the rclntionshlp (“ can
be qpplled. e .

t" -~

In praotlce it is fﬂunJ that small experimental
errors arc vresent and a 'mean' straight linc is drawn- through the
pointse The slope of this 'mcan' 1ine is used ao the ultimate

value of “Pnre ig expressed cc/scc in atmospheres
t in cm.,Qﬁ 1Ln20n2 anth in cent1w01so,/thcﬁ K Ecc%rulng to o !

cquation” (4) is in darcics. It is vaual to express permecabilities
in millidarcics and this practice has been- follougd.Ln crprossing -
the rcsults obtained in this investigotions Fige L and the
taoulatlon accompanying it. represcnt a typical set of rcadlnﬂs ang‘
Lllustrato the mcthod of working out: tno results. ’

Ba Mo@el 1L - Perme@moter L L Q:u

x

This apparatus is idenﬁi@al-in principle wifh Model I '

.y e
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but the sarmple 1@1009 flOWMthw "mnu NanHCUOP cle~1;rnp wro (1ffcfcﬁt.

This perncanicter is ulfcct f““dlﬂ *beeatise” the prossurs differcnee in

atmqspheros cnd the pate of flow in pc/upc., are civen dl;CLtl‘ hy

ro%uinﬂo on the amdropriate scalcse 43. 2 11Luotrut g . the gencral
set upe ‘ - L

i :
r P 4l

() The Samplc Ioldor.

“

v

o The samplo holder ig designed to. mount hullow
cylindrical samples up t9.5 -ems. in-disacter and 5 cmss -longe

e

‘ Tue saaplos arc snatoed on.z solt rubbor
casket having a c“qtrQl hole coincidineg with the air oublot. The
top of the saunle is covercd Lv a sult rubbor sagtot ond wetal disk
on which the comprossiom gcerow bourse Progsure is ijllﬂb by ucons
of this scrow and tho uamle 1s nold firnly betvyecn the soskets in
such o-way that no lecolage can Uccur bobween the poaizets hnu SORID1IC e

v

’

. A osrall bell-jar ‘covers the nqhntcu senple ond
pressurc scrow anc makes o gas=tight-scal with the samplce holder basc
platce The air,which flows through the sa mvle,'entef” the space
cnclosed by the bell-jar throuﬂh a tube let into the basc Ulhto as
shown in Fige 2e Aftcr passing throuch the sanp lo, the clr is dravm
through the outlet tubt in the ccentre of tnu hasc glatc ﬁnd passcs
through the flowmetbr. : .

B

(b) The Manomcter.

. A U-tubce mnanpmetér of spceial design is conne-
cctcd across the inlet and outlet sides of the samplc holder. The
LHS of thec manomcter compriscs 15 cm. diame tube connected at its
lower-end to- the rescrvoirp (ulam. L cm.) anu also connoctuu ncar the
top t67the drying tube and air 1ntaku. :{ LT

P o, vt g

el -+ 2Phe RHS tube if 045 cre diame - but is enlarged
to’ 1.5 e, dlam. whore 1t joins the outlet of the - amplc holder end’
the cenncctlon to the flowmcter. The mﬁnometer is flllGL with oil
of low Vapour pressuré and of S.G.0.865,  The’ s¢al¢é on. the RHS is
calibratcd dircctly in stmospheres and- PCDPOobnbo’thC drop in :
pressure across the sample under tesh. '

. -

. \
(. 'k‘u:"

(¢) The Flowmchere
e - This part of the uoparqtuu compriges.a capill-

iary tube connected across a differential manonctor. The manoncter
is £illed with 0il (SG.04865) and the sealc on the RHS gives
dircctly the rotc of flow in ce/sccs . - e e

- 1‘Iﬁ't2u instrument . deseribed, full seale rond~
ing of the flowmeter 1s apprboxzinetely O inches of wll cow"uupwahadu
to a Filow ratc of 1 co/uco. T THls ronge i sufficitnt for permc-

abilitics up to 500 m1111uor01uu BUE P ar Vo Itcs crootor than this a
sceond Flowlloter reading up to 10 ce/scc. Would We nccessarye

(@) The needle volvos . i; B ,{"'”;C}r

PRI

,,“f? B - The needle va lVL ) u
Hodel T-apparatus and sorvus the sdie puepo
. ) ' ) B /

(c) Mgthuu o Usiily Dgrmeahmbc : ,:V, . )

\ _ In UDbP”len tllb qwga¢htvu differs from Model
I in the direction of the £low of h:ou¢H the samplece | The .
sampleco are preporcd in o nanner 1m¢l“r to thot described before
cxcept that the cylinders are cut into longthp of, IPJM 2:50 3 Chley .
and the cnds filced flnt and parallel to the a¥is of £HS Gylindors
The, uampleo are then mounted in, a luthc;qnquiauic (Qlﬂﬁ. about
7=8 i) “arillec throush theme ~ The surfeces of this holc arc

tau‘sc;c as th t sod in tho
U8Ce * Cog

%
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e

i fi;°""?f, Tt w1ll be apprecia ted that the air flow in this

5

roughened by means of coarse enery. papexr: to.remove any fine material
whlch might clog the pores ﬁnd, qftenldryln s the samples are ready
for mountlng. o . . e

cdase is radially inwarde For such o direction of flow, the' expregs-
ion connecting the permeability (K) w1th the dimensions of the

qmple,,prgsuupo aifferences ond rate of flow 1s as, followo°« < “ﬂ
(B). K = QN + 1456
, ..0 N . zﬂt , . e e e e e
Py - P2

wheré’K, ég Ny © and'P1éP2nhave the seme meaning as 1n equqtlon (h)

(£) Reoding.

The proccdure adopted in taking readings.is - gimilar
to that for Model I, the valucs of @ and (P1~P2) being given directly

by rcadings on the appropriatc scalcse The valuec of Q obtained must
be correctcd to the value Qs lece the mcan rate of flow within the

spceeimen, the corrcction factor dewonalng on the vqluos of Q and
(P1-P2). . ‘

- As in the previous case,. vqluoo of Q are plotted o
against (P1€P2) valucss . A straisht-line plot rcprescnts- streamlined
T16w and hence (B) may be applicd.

Fl”o_5 rcpresents a typxcql sct of PC“leWS and nlot
and 1llustrﬂto0 the method of working out rcsultse It “111 e g
noticcd tl“t the straight linc drawn through ‘the n01nﬁ on 'the
Qrapa Gpcs. not pass throumh thc Ofl"lﬂ. 'Thls 1s &Uo to tho
P1.- P2 o
flowmeter h~v1nm a Sll&ht zero orror nhachfwos oorrected for 1atcr '”1
testu. \_J ‘ -

The gerqublllty,(h) fOllOWb from tho a pllcaulon
of the equation (B), the mean slope of the graoh bOlﬂ” used for- the
alue of - Q, ™ ,. RS TO LI SV I . . L S :

- . - l - RCE! . R
’ e iy (’-;'

¢

II, Porogity Lbb ratus.

: Pige 6 reprosents the layout of thd porgsimeters
The apparatus compriscs two glass vegsc ls of known volunes Vi qnd V2
connected by a glass tap (3 riie borc). L.

The upper vessel (V1) is a cylinder approximately’.
2¢5 cm. in height, 245 cme. in diamcter, terminatcd at its upper cdge
by a ground glass Tlangce It can Dbe seonled by mcans of a nlate,
glass cover through one cdge of which a small hole has becn drilled.
The seal is made airtight by applying a smear of vaseline or vacuum
srease to the ground slass flancsce  The volume cnclosed between the

glass top and the plate glass scal is carefully mcasured by £illing
tho vessel with mercury, applying the cover plate and qllow1ng the
CXe@ss, mereury to escape through. the -small hole.u_‘ . ,

. CEIERIN
«(;\. S XN

The volwae of the lower VC“bCl, between the olass tap

and zero mark 1s also cqrefully determineds . gl o Sl T
The lower vessel 1s attached at its bottom end to a

manometer tubc L mme diam. ond qporox1mqtely 30 inchcs long which in .
turn is connected ot 1ts bottom end to a sccond nanometer tube anprox-
imately 4O inches long (elgo -l mme ddalie) s The wonometer tubes.can
be filled with'rercury from the riercury reservoir which is attached to
their lower end by rneans of rubber tubinge . The HOfCUTJ reseryolir isl
mounted on a sliding carricr which ig-fiftdd ‘with o clamping scréw and
level adjustment screws The lcngth of the slidc is such that the )
rescrvolr can'be elevated-to.a helght slightly in:excess of’, that of .
the upper vesscl and lowerdd ' to the bise of thé apparatuss



G

" (a) Mcthod of Using Porosimctcr.

Cylindrical sanples are preparcd in the sanic

manner as for the permeability determinationse The upper VC°“Ll, ine
to which tho-uamgle is placed for testings will: permit the use of a
sanple 265 chls dialle by 2.5;cm. in heighte ERE

. The lower vessel is first cvacuated. This is
done by raising the mercury rescrvoir until the nercury rises throuzh
the lower ves scl and rcaches the basc of the tape The tap is then

closed and the merceury reservoir loworcd to its Lowest level. In w
doin¢ 50, the level of the nercury in the lower vesscl is rede to

fall jbelow the zero mark on the LHS na noNOLHP -fube and a vacuun is

created above ite It is gencrally found that a certain anount of -

alr. adhercs to the ~lass walls of the Llower vessel znd.this olr is
Jiclded up upon the evacuvation of this VbuuClo The nercury rcserveir
~raised and lowercd a number of times (the top ﬂcuuﬂhllc rerlaining
closed) to..assist:in the«clinination of the auhcﬂlﬂ” air and fin--
ally the levcl 1s raised once nworey the tap opencd and any air
collceted is pushed through the tap into the upper vesscl. The
riercury level is adjusted so that the nmercury £1i1ls the hole -in the
tap without entering the upper veossel. The tap 1s now closed and
the reservolr amgain lowercd until the mercury in the LHS manomcter
tube stands level with the zero marl. The rcading. on the RHS
manometer tube gives the atmospheric pressure in inches of ‘mercurye.

The sample, after careful drying, is placed in thc
upper vessel and the vessel sealed by placing the cover plate on the
ground -glass Tlange which hasg been smeared with a thin coating of
vaseline or vacuum greasces . The cover plate is first fitted so that
the hole connects with the upper vessel, the cover plate pressed
firmly onto its scat and then slid sideways until the hole no longer
connects with the -upper vcessele If an airtisht seal has been nade
the vaseline or vacuun grease will appear clear and free of air
bubbless - This procedure ensurcs that the sample is sealed in the .
upper vessel at ﬁtMOSﬁhorlc Pressurc e

' ‘The vessels are now interconncctcd by means of the
tap and the reservoir level adjusted until the mercury in the LHS
manoneter tube is level with the zero marke

Owing to the air fror the upper vessel. cxpanding
adiabatically, some time is rcquircd for the tengcratureo to adjust
themsclvese Onc hour was found to be neccssary when using solid
cylinders, 25 chle DY 265 clile '

Let V1 be theé volume of the uppcr vessel,

V'2 H 114 1 it lOerr 1} ¢ .
Ve oM " i gpoelmen (obtainct by meamurcnicnt).
©yp oo " "M a3y gmaccs within the speeimcine
At " Y atnospheric pressurce in inchcs Hp, '
(nt—F) o flnal nressure whon the two vessels are intcerconnected

and tCh)CPdturbS adjusted (in inches of H )

bchfo interconnection wé have a volume of air cqual to (V14Vc) + Vo
at atmospheric pressaurc.,

ifter i%xerconnect'on we have a volume (Vi=Ve) + Vp + V2 at a press—
urc of Lt-H). , : ‘ S

By-Boyles Laws y L | o

E (Vi=Ve) 4+ Vp 3 At = é (V1QVG)’4'§p"#'V23 (Ax_H)

[

Lrom which - t-H

Vp = V2 (A

) —-(V1 -'Vc)

¥ f,k,n 100%
Ve "
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‘III, Results of Tostse

i Glauoonltlc Sandstone, Bore 10, ggeu Entrgnge,

' The accomnanylng ta bulatlon sets out the results
of permeability, QOPOultJ and strength tests made on.a popresentative
suite of specinens from Nos 10 bore at Lakes Entrance, VlCtOLLaa

The bore log OOU@lled by He Ge Raggatt and Je W.;
Binney is given in the first three colurnse The fourth colunn
gives the depth from which the specimens used in the test were', .
takene The fifth colwm gives the distinpuishing number appropriate
to each test piece or sample while the sixth colwm shows the
measured permeability expressed in millidarcics.. The direction of -
flow relative to the bedding is indicated by means of the letters :
P N or C depending on whether the rate of flow, and hence 7ormeabll;§y;
is measured parallel to the beddlnsg nornal to the bedding,or part”
normal part with thc beddinge.

The following columns.are devotca to the porosity,
neasured and . oalculated, ~apparent don31tv and oompresolve strengtha

1, Pcrneablllty RCDUltS.,

(a) Previous Determingtionse

Reference can be - found to two previous determin-
ations of permeabllity of Lakes Entrance glauconitic candstones
I+CeHeCroll of the Victorian Mines Department (2 gives the results
of a number of tcsts on specimens from No. 1 Governmnent hore, No. 2.
Lakes Intrance Development bore and the No. ] Xalimne bore, Lake
Entrancece For the location of thesc bores sce Fige 7o

POfmeablthleu neasured ranged from L50 to.ly -
millidarciess. . Croll's analysis of the results shows: an avorane 5
permeability of 223 mlllldbr01eo along ~the bedding and 45 m1llldarcles
across the bedding with an aaprox1nate mean permeahility of . 77+5
millidarcies. After discussing possible sources of error in his
determinations, Croll sonecludes that "the weight of evidence "is in .
favour of regarding the results calculated from those tesis as being
lower than the actual pcrmeahlllty "

The only other reference that can be found for
permeability meafufenent occurs in a report by Ke Vashington Gray
and I«CeHaCroll On page 98 roference is madec to a test cone-
ducted by Oliver Streeton on a.specinen of the "normal rock"
(Wlaugonltlc sanuutone) uulnw Lalkes ;ntfﬂnce crude ‘oile ~He found
that with a plate of rock 2 rme. thick and half a ‘square inch in area
at a temperature of 50CF. and a pressuic differential of half an
atmosphere, the ratec at which the oil would pass through the rock
after it had been thorou@hly saturated was Oe1 oublo cCilse per 12
hours. , : . .

Maklng use of equatlon (A)s page 3, and’ outtlnﬁ

N = 6425 poise (by exﬁrapolatlon fcom flﬁures r1vén by Croll 1n Reds-
. wood units)e , ‘-
Q = 23 x 1076 ce/sece ‘
P1=P2 = ,5|atmoépheres.} ff0
t = ¢2 Che oo o "..:‘:?. . L ;
2 S S
3.2 Cllle . . . -

we find that K is equal- to’ 0.18 mlllldar01es. This figure differs
considerably from Croll's average figure (77.5 millidercies), but a
study of the tabulation will show that permeabilities as low as 0678



millidarcies are not uwncornwon'/in. the . apeecitens fromn Noe 40 BOfu.

(b) Results

S . - ' . ' , -t P f
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~ 7. : The -spceimens used in thosc tests were sclec—
tud by the V!Gto;lwn I incs “Dcvwrtmcnt a8 Penre oqtq01Vc of tho .
glavconitic sandstone roved in Livg 10 Bgre, Lakes antrancc. Tventys
on¢ specinmens were forwarded; of mn- ch 186 rcorcsonted fhe hard gtrata
in Jthe, scetion and 3 the ofﬁ. . Ju,),uptuun or b;u aard strata oon-
prised. half scetions of drill copc approxinately § inches in
diametor. and averasing three inches in lennthe Trey had acca swlit
in halwes in an axial i)lc,mo.
Tost amploo were preporcd from ull the hard
specilicns bub none from thce softe The sort naterial compriscd
.snall lumps of wbroken rock cericnted Dy drilling mud. Attuuats
re made to drill saaples from the largest of these lumps, out they
becane seml-fluld and dipinteproted when drilling was attenpted.

o - Cylindrical sarmles were prepared fron the
specinens by mecans of a diamond drill as explgined in -an earliew
section of this report. The accompanying sketch illustrates the
way in which these cylinders, 25 cile in dxaaeter and up. to L 1ncnes
in lengthy, were cut so that their axes weré normal t6° tho beddinm or
parallel to the bedding. . '

— s . - (SO

Sketeh of half section of 5 inch
;drill core showlng 2.5 cm. diameter .

cylladrlcal samples cut parallel

and normal to beddlng. Beddan

Planes——— 9~

. .~ - : .
ey d0 Y L \ B b

‘ S Tho glwuponltlc dﬂnd tonu C\DODOO 1a tho Noe

10 Bore’ yle¢ded 0il at the rate of agporoxinately 10 L,al,umo per day
during bailing tests, but o remarkable fcatwre of the:spoeliens
tested wag tnat ultnout excoﬂtlun thcy apﬂc ared to be frge. of 0ile

- ' . P IR

o foam e ] d”l ier pcfererice hag boen nade to the-fuob ;
th t'"hsn roulstllled benzene was forecd throush sone of the .
samples no discolouration was noticed, A nuber of soecimens had
o faint oily smell and ithese were tosted for the vresence of oil by
pulverizing a oicce of the speeinen and boiling it in a small -
quantity of héngence  As no discolouvration. of the Dbﬂ“bhe wag .
noticed in any of the tests so madc it is.concluded thal none off the
gpeclmens wepre oll-beoring. The specimeny 1259 f@ut - 1&61 feet,
cDP”GprHC‘ to a part of the glau0031tlc sandgtene section where
01l has been reportced as occurring in streaks throqghout. The |
extremely low werricability (0e12 millidaroies) *found for this -
spoelnon would seem to wreclude the possibility of the SWuClMQn
logsing much oil if any had been presente Tam,fact that np oll”
could be detected in this suecimen suggests that the threciinch.
picee sunmitted for Lx@ﬂlnathn COorrcs »onds 0 an waproductive part
lying between the streaks of Jll ruGO?UOL when thp tWO OOﬁ uectland'
wag first cortda Lt o SR T ‘w

1
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it ¢ A 51mllar reason may account for the absence

of oil in the other specimens, submitted for examination and for this
reason the permeability results may not be a true indication of the
permeablllty of those parts of the section which have ylelded oil.

Between 1255 feet and 1291.5 feet, which has
been logged as glauconitic sandstone, permeabilities varied over wide
limits, the lowest value was 0.0l millidarcies and the hlﬁhest (1272

feet = 1273 feet) was 38 3 millidarciess -

The average value for each specimen is shown -
in column 8 and the mean value of these averages (1255 feet =~ 1296.5
feet) is 2.16 milliderciese N

‘“Specimens from 1291.5 feet to 1300 feet were

rmore sandy in appearance than those hizher 1n the section and were

not included in the glauconitic sandstone scction when the bore log
was o¢1~1na11y compiled. They were originally excluded because the
quartz grains seemed morc polished and abundant than in the higher:
specimens and thg,typical grecnish colour of the glauconipic sand- -
stone was masked through water seeping in from the bottom and wetting
thems Some time later when the cores had dried out it was evident:
that they had the typical colaur of the glauconitic sandstone and they
were subsequently included in the zlauconitic san@stone sections. They
were later 'examined by the Commonwcalth Palaecontologist and their

. elassification as glauconitic sandstoncs confirmed. This classifice-

ation mekcs the glauconitic sandstone serics U5 feet thick 1nstead of

36 feet 6 inches as shown in the original 108.

Permecbllities of the samples corresponding to
the interval 1291 fect -~ 1294 feet 6 inches range from 4.8 to 138
millidarcies with avoraoe values of 60l and 21,5 for the two speci-

-mens examined.

‘ The reason for such large variations in
permeaollity was made abparent when a nwiber of the hollow oyllndrlua
al test samples were mounted in the oll extraction apparatus. This
apparatus was designed to force benzene from the inside of the sample;
through the walls to the outside where the benzene accumulated 'in e
vessel surrounding the specimen. The apparatus made provision forr
forcing only a limited amount of benzeme through the sample and it was
noticed that after this had passed through ahd the sample submerged in

“the effluent, the compressed air which had been used to force the

benzene through issued from the core in a very irregular fashloms -
For example in sample 53 (1291 feet 6 inches — 1294 fect 6 inches)
which was & hollow cylinder 2.5 cmse. diam. Dy 2.24 ciss high, it wds’
observed that the greatest part of the air issued from an area of .
apuroximately 2 am. <~ of the cylinder's surfacee. From a study ‘of! the
size, number and 013ur1buulon of the emergent air bubbles, it was ’
possible to form a plctufe of the falotlvo ‘permeability of various
sections of this samplee ./ It was estimated that 2 cme.< of the total

‘surface area of 17.5 cme war‘reuponsible for not less than 80% of

the total perméability. ~On this basis, it is estimated that the
small very permeable section of the sample has a permeability of
approximitely 120 millidarcies, which is comparable with the highest
vermeabilities Ffound for the test samplese Other samples showed
31m118r 1rreJu1ar1u¢es 1n the distribution of the permeablllty.

"A notable feature of the distribution was that

, 1t wau obV1ously hot an.efféet due to beddinge. The very permeable

section of No.53 sample appeared on only one side of the cylinder and
was not distributed over any particular layer within the sample as
would have been the case if bedding had been the chief factore

~ 7 i
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The glauconitic sandstone in generel is hetero-
geneous in lithology with smell inclusions of matericl dl ffering cone
siderebly in permeability from.the avercge for the specimens The
- large variations in the observed permeocblility must, therefore, bhe ex=
plained in terms of this hotero~en1tj medeé noticeable by the fact that
the test samples were small in sizeq

(¢) Effect of Bedding on Pormesbilitys

In the prededing scetion it has been shown that
veriations (such os the size, dis rnbutlon or arranﬂomonu of the.
grains) due to bedding were not responsiblc’ for the varictions in ,
permeability’ observed in a set of toou‘sampleﬂ cut from the one spcei~
mMehe v ‘ " b ‘

Veriations in the lithology of bhé glaudonitic
andstone at dlflerﬁﬁt hOflzohog which mey -be ealled & oeodlng effect,
“re accompanied by variations in the average per meublllty and 'in. this

sefise it may be sald that permesbility varies with the bedding For
instance the beds at the baso of the glauconitic sandstone ouctlon are
much more permeable then those higher in the section.: Tests were

mede to determine whether there W&s any Lpprcclable change in perme=
obility when the fluid flow was measured in the alrnctlon of the Dbeddw=
ing or normal to ite The results of these tests are tabulated bclow»—

Permeability in Millidarcies

“Sample -In dircction Normal to ‘ Part normal -
of bedding. . Beddinge part with bedding.
127712781 - 2{40 © 5486 Le 3L .
Nose22 to 286 - " 2404 O.L11 0.148 o
Oe71 '
1291 120! 135 833
NOS-'36 .‘tO Ll‘2 Y 119 ) . 2648
19 7 ' \
1291167129467 82,0 u5.7
. ‘ U762 ‘ 1.8 6049
o ; 26,7 . »
Nos«48 to 56 1643
1241
11le9
1294'~1300‘ 55¢5 56.0
Lo« 5 3.0 3945
Nos.57 to 63 ... 2640 . bl O

« !

» . The permea b11ltleu tebulated 2bove show variaw
tions within wide»limitskbut there 1s no consistent differsnce between
permeabilities normal to the bedding and those in the direction of the
veddinge The resullts for samples 57 to 63 (1294 feet =~ 1300 feet)
which are more uniform than the others suggest that the permeability

ig the same whether msasured normal to or parallel To the beddinges It
is obvious from the results that a vast nuiber of determinations would
need to be made before satisfactory average figures could be arrived ate.
The weight of evidence however, suggests thet tho permeability is not
influenced by the direction of flow relative to tho beddinge This is
contrary to Croll's findings for specimens from No.1l Government Bore,
Noe2, Lakes Entrance Development and No.l Kalimna boress Croll pre-
nared his spseimens by shaping them into 2 cme. cubes and measuring the
permesplility between opposite Taces. The variations in measured permes
- ability were ascribed to bedding and on this basis he arrived at the
following averages -

Permodblllty along bedding 223 millidarcicss
geross ¥ 15 i

-
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I
\ If tne glauconltlc sandstones examined by
Groll are hetevogeneous in lithology like those examined by the

" .writer from Nos 10 Bore, it seems more likely that the variations

noted by Croll are duvue to local varigtions within the specimens

rather than 4o a bedding effecte Ir Croll‘s 1nteLpfet°tlon of’

his results is correect then it is obvious that the 11t1010fy of

the. glauconitic sandstones in the bores Irom which his specinens
were derived differ considerably from those in Nos 10 Borcs

(d) Effect of Moisture on Permeabilitys :

The permcabilities given in the main tabul-
ation refer to oven dried specimens in which the free water content
was very sualls, The mermeabilities of threc samples 54, 55 and

- 56 were rcasured after air-drying and repeated after the samples

had been dried in the ovens It was found that the pormeability
increased appreciably upon Aryings In order to confirm this and

to see if any relationship cxisted between porcantaﬂe moisture cone
tent and permcability, the test was rcpceated on nine specimens which
were welghed before and after drying to determinc the loss of water
on drying. The results of this test are set out in the following
table. '

Pomier blthX’ Dy anc Wbt.
TMillidarcicse

, Speciﬁen" Dry C Wet -Per Cente. Per CenteChance Per

iloioture. 1 Per Cente lloisture
1291161129416 1148 1146 - - ”
Noe 5L[. . L i .
Noes 55 ‘ 168l - 1463 - -
No. 56 6049 5445 :
1277'—1278’ : IR
Noe. 22 © - 0.48 028 348 ' 3o v
Noe 23 1e31 0483 . lLail N T %9

Noe 26 On7i Oel12 366 P = N (P

1291'-1294"

Nos 36 19s7 170 248 Ze0~ 49
Nos 37 3245 it 2847 lely 8 365 4 F
No. 38 2648 2147 369 et g
291471300

&_0?45713 55¢5 L8 2.8 St ¥
Noe 58 405 3848 2¢3 A9 1 -%
Noe 62 39¢5 3842 ©02e7 146

The figufes in- the fifth column are arrived
at by expressing the change in permesbility between dry - and wetb
samples, as a percentdge of the dry wvalue and dividing this total
percentage change by the percentage moisture content of the wet
sample. o . \

A study of the results shows ‘that thefe is

an increase in permeability when the samnple 1s driede. .The .
relative amount of this incrcéase varies for the differcnt Saubles:
tested, being considerably greater in the low permeablility samples
from 1277 feet = 1278 feet than in the’ ‘samples from 1294 feet = - -
1294 feet and 1294 fect - 1300 fecta Tliége last mentioned two .- -
samples are similar in ‘appearance -and are nuch coarser grkeined than
the first mentioneds " The reason for-the.ehange in permeability is
not definitely QstablipheQ,,' "TWO bOSSlOillthu will bc - considcereds

SR
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(1) That moisture occupicsc and partly closes gome of the ailr
channels and in cffcct rcducces thoir crosy scetion. Such a rcduc-
tion might conecivably be regponsible for the increase in rosistance
to flow which is appcorent in the changed normc"hility. In conncetion
with this »ossibility it is of intcrest to note that sinilar wet-dry
tecsts werce carried out on o nunber of dlatomitc specinense. s These
tests showed that wp to 15 per cont. molsturc :ulu he present withe
out scriously affcectins; the MCabUfbd acr1nab111ty. This becing 80,
it can reasonably be assumed that the siell molsturce content in the
wet glauconitcs docs not reduce the air channcl cirose scection in the
manner sugrestcd ahoOveCe * -.. - '

(2) An alternative possihility is that the slauconitec, or
sonic cther constituent of the rock swells under the influcnce of the
added water and that this swelling is regponsible for the rcduction
iIn the cross sccetion of ailr channclse Such swelling would probably
affceet the porosity of the speecinmen and this sceued to offer a
method of chceeking the altecnative possibilitye. Unfortunately the
porosity apparatus was broken before such tests could be egrried out
However, the sussestod test will be made a“ soou as the porosity
apraratus is revalrecd and opportunltv offcrse

Altbou rh the cause is unlknown, it is an
obscrved fact that pcermeability of glavconitie sandstoncs is largely
influcneed by the prescnce of. 101uture. The observed dota is ine
sufficicnt to arrive at any satisfactory basis for estimating the
permeability when  'dry! permeability and moisture content are known.
If some .sections of the glauconitic sandstones in situ are saturated
with water, it 1s probable that ta01r pcrmoablllty Would be less than
half their 'dry' valus.

(e) égcuragy of Resultse:

An examination of the results shows that
large variations in permeability occur between samples cut from
rélatively small specimens, For instance the specimen reprcsenting
1277 fceet = 1278 feet was approximately 30 cubic inches in volume,’
but permeabilities of the seven test pleces cut from this specimen

1ed between <41 and 586 m1111aapc1eu.

It is obviouss, uhefefofe, that a a1fh
dcgree of accuracy for cach individual test is unnecessary and all
that 1s roquired of the permeability determination is that it should
give the order of magnitudce. Nevertinclessy, the pfoocdufe followed
anG precautions observed were Efsad on the A® ¥, standard procedure
for determining permoqvllltJ ( and. it is of 1atercot to make an
~ppg§x1matc dctermlnatlon of the probablc crror in any 1n01v1dual
res te /

‘ Errors noy be classified as being of ‘fwo
kinds, ‘namely (1) changes in permcability introduced through poor or.
incorrect technigue in preparing the test samples or (2) errors in
mcasurement. : )

(1) Brrors in Propgrationg

The principal source of errors in tho
preparation of the tu et samples are:=-

(a) Clogglnf of Dores by nud 1ntrocuced during the cubting
DProeesses :

(b),Incoleeﬁe ronoval of 0il and watere

(a) UVGPJ carc was taken to ensurc ~that theso errorﬁ would be as low
es possible end the precautions listed in the A«.P.I. Code were follow-
cd. In addltlon, tests werc nude in the. hogel I gpparatug on
cylindrical tablets with ’lracthe» faces and faces preparcd in the
fashion outlined in the opening scetions of this reporte These

tests showed that no serious clogglnf roeultcd from grinding the faces
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(b) . As fewaruu removal of oil and water, it has been mentioned above
that nd trace of 0il could be discovered in the sohecimens subgoctcd
to test so that the HG@OSbJQWTOP removing oll did not arisce  As’
regards water Pemoval, it is belicved that the prolonged heating
to which the samples werc SubJO“ cd cffecctively rcrmoved all free
water. . The uumpurauufc (150 C) at which the samples were

dried was higher than reccmmended in,the A.PosIl.Codce Some tests
were carried ouc in Whichwthe permeability of a sample was detere
mined before heating and after heating 24 hours, 48 hours and 60
hours rcspeetivelye The permeability changed due to loss of-

watcr during the fifst 2l hours hcating, but remained unaltercd by
the additional 24 héurs and MS hours heatlngo Thése tests showed.
that prolonged héating at 130 °¢ ¢.i1d not alter the- permoablllty and
it is assumcd that apﬂﬂx‘f ol the*Lloss of free water the samples’
were unaltcred by the hcaulLb

Ermrorg in Measuremonts

In Model I apparatus the permeability is given
by the express.ons-- -

(A) K=Mbx _Q :
o : The vlscosity of aimn (L) was known to w1th1n

& 1%.  The measvrementis the thickness (1) and the diameter (D)

were subject, to oﬁrors of’ anprox1matcly ﬁ 1% o The 'arcay’ A; ‘was

proportioned to D¢ and hence was subject to an eror of s os

The value of Q wab Subgect to er&ors in callb—

1
oL

rations of the flowmeter and ma1$@049r tubes, -but a numbef of deterp-
minations was mads for each sample and the error indhe ‘average
valuc is certainly not Ofcatcf thdn 1%p

K VJS i urofoxve9 aOCUJauG to better tn&n ' 5%e
In Model II permeancter, ¥w1lur*oﬁ;oro in measvurement apply .and-
K as measured hy ,alo instrument has @gugccufaey better than s 5%s

i 3 due t0, lackage past the rubber gaskets
holding the speeilicns can bo o raﬂdcg as negligibles .

2« POrosivy Ruault

(a) BL.@.,,:,.._,Wl,,D,‘.vﬁ,@.m*le;ﬁw A

‘The only pefercnee thab can be found to preV1ous
detcrminations of porosliy occurs In Lhg >9fOVlOUSly mentioned rcport
by Ke Washinzton Gray. gnd L.CelleCrollaet On page 97, méntion . is
made of two deterninations by Ja Ca tatson of the Viectorian Mines.
Department on samvles from Foster's horgs the. location of which
is shown on bthc plong. fige Ts . hffO“tlve porosities of 5l per cente
and 53 pcr cenie “CDOCOUJVL‘J *cﬂe ontained for. samples Lfrom 2 to
3 feet and 16 %o 17 foo hv“ow the tco of the glaucohitic sandstones
Tn addition to Wantson's results mention is made of a debermination by
Oliver Streecton on a uamplo from ‘18 feet below the top of the glaue
conitic sandstonc in the same (FPosver's) bores - Stpeeton’s figure -

Wwas 29 por cenve _ o
(b) Regulis_of Tc Stg

.., .The app ﬂatuu vsooAJo measure 90P051ty is desw
crlbed in an earlier scection of whis “eppfﬁ« .It should be noted
that the method mvosuros the apparens or effective porosity, iece
the porosity of the dnie “OOlnuGqu Tore spaces ang any porb spaces
completecly seaJUU would not 1nf7uencv the pesults :
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: Porositics worc relatively uniform
throushout the gluucunltic‘”an stonc ”“Pluu and varlcd From 2961

U345 per cente for the individual sammples; but the cverascs for o ach.

horizon werc 1ore unlform9 VAryln ootwccn j)o6 and. 39647 oe; ccnt.

In ddﬁltLUd to QOﬁJoltLL ucuauru& with

Lhc quPr vbus, a nwmoo of porosities were caleulotod Troa the -

apparcnt density of tho. suipless The caleulaticas were hasced on th

‘””uuwtlon tﬂnt tao sulid matber comorising e 'fraunc work' of the
31&u00ﬂltlc sandstone had a density of 24562 The caleculated
porositics are huwn in the main -tobuletion and they are (with one
cxceptiony, vize Live 26) Lower than those noasurdds - The avernso
value of nine calculatcd.poropitics 1s 5246 Der cuntecoinorcd with
the average measurcd H0ros 1ty of 3743 (23 cetorninn Hions) e

i If o densi
solid mattcr then the caleulated poro ib" boeome enproximately
coual t0 the iwcasurcds : e o

‘The "average measured vonos;tw iz

intermédinte in value between Wabson's ( 55=54%) a1 tfcoton‘“ ( 29%)

dcterminationse

(c) Accuracy Of Rosults,

The accuracy of any porosity determin-

ation ccpends on the accuracy with which the wvarious factors used ;'

in tho calculatlon arc measurcda A figure for the theorétical -
aceuracy can . be arrived at by applying to cach factor involved a
relative accuracy and then calculatlng the mean and meximum value
for porosity assuning that all the individual errors are additive.

For the CasSCe. .

Vi = 17440 & 405 ccs
.. ¥y &  5.07 # 405 cce
- — Vé : 1060 » e2 CCe

CAp = 28400 g 02 inchese

H = 8467 + 02 inchess
Thent Vp = 3¢9 ¢ olb ccs and §,' x 100 =

w1
hd -

9 #

k}'\i._..

The above calculation gives the naximan

oosolble error for any one determ*nwtlon, but it must e bomme in

mlnd that the probability of the maximul possible erronr oceuvrrins (on

v

in other words of all the' 1nﬂ¢v1du L crrors acting in the same uuggo\

is infi nlteulmally gnalls.” The accuracy of tho apparatus ands techs
nigue was’ tQ sted by placihg in it a solid Drass cylinder oiff zero.
nOfoulty. “The porosity ca 1CUthGG Fromn the volumu andd 1P suure
fu301nw° st - 0425% (ll:tc L of ZEr0 ) '

In dddlulun to the above. tcst, deters’
nina tlons on o single glauconité sample were repe: 2ted and the

=+ 2%-

‘ It is beliov d that in practice the
worositics deternined by means of the apparatus arc wibthin 5 per
cente of their corrcet. valuc, a. dogrec_o; tolerance which 1s guite
sufficient for nost UUﬁﬂO BCSa ‘

"

3; Rﬁlutlonohﬁp uthLdu *meaolli

')

L 2 orOSLltyY e

c“-

:!
LN

An cxmaination of tho CJfrcutJnuing
permcabilitics and porositics fron the scuarate test saunploes bringo

ity of 2.8 is as,ﬁmcd'for the

)

megasured porosity could be repeated with an accuracy ol betitcr than o
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out clearly the fact that there:is no relationship between these two
guantities. Although. the porosity of various.#ones within the

glauconitic sandstone varies very little, the permeabilities varies

over wide limitse. In connection with this point the following
tabulation, based on permcability and porosity measurements made by

-.the writer on various materials. is of intereste

Maﬁeri@; B Porosity Permeabiiity‘ . ,Remarks
Per Cent. Millidarcies -
Mt.vGambier limestone 52 5,182 One determination.
Roma *Gas! sandstone 16 57 «0O Average of seven
: : determinationss

Glauconitic sandstone
Noe 1o Bore, 1255' = ' :
1291 . ) | 3802 - 216  Average of 35
R S : ' decterminations.

T [ ot

g

Glavconiti® sandstone
Nos 10 Bore, 1291' - - L .
1300' ) . ) 36.6 : L{-S.? Avera ¢ of 28

determlnaﬁlons;'
Diatomite 72" . 2Le3 Average of seven”

determinations.

u. ADDafont Den81tva

e Y o o

The apparent den31ty of dry glauconltlo sandstone was
determined for nine samples with values ranging from 167 to 1489
grm./cce _

5e Compressive Strengths

Tests -of compressive strength were carricd ‘out in the
testing laboratory of the Department of the Interior on a Tinius
Olsen testing machine capable of providing loads of up to 1200
kilogramse The machine was designed for moulding concrete
cylinders 1 inch diameter, but was eminently suitable Tfor coumpression
tests on cylindrical specimens of thls dlameter and. of low strengthe

Test samvles were drilled from the raw materlal by -
means of the diamond drlll mentioned previously and cut into lengths
of approximately 1 inchs The ends-of the cylinders were made
truly - parallél to one another gnd normal to the ax1s of the
cyllnder in the special holder (Pl . 3).

Tests were made on a numbe of samples which had been
ovenudrlcd and a numbef Whlch had been sqturateo w1ta water

‘ ; The - @ressurc in lbs. per square inch necessary to
crush the soecwmen was calculated and a correction applied for .the
finite size of the specimeh. “This correction in effect converted -
the measursd pressure into the pressure per - square inch needed to
crush a cyllndﬂlcal sample of height cqual to twice its diameter,

isce the COM@POSulV@ stfenoth or the matorlala

Thé regults of t use tests appear ifthe main tabul-
atione
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‘ It will be observed that there is-a conside
crable difference in oo&prcss;va‘strCngth between dry and wet
slavconitic sandstonc, o - ' o

e - S“¢cn samples from the OthOOﬂluLC sand.stone
scetion 1255 fect = 12971 foeot were ovon~dricd hefore testing and their
average coupressive strength was found to be 2590 1lbha. per sguare
inche . Ton samples from the same suetion were. saturatod with water.
prior to testing snd their averase corpressive strength was found
to be in¢“129u 1b. per sguere .inch or oporoximately half the
average of the Qven~driod sawolpg-

. IV O

]

. , Tc st made on bwo sampies of tdo LI01C s:auy
ond’ Friable glauconitic sandsione, corrcsnonding 1o the ”‘Culon 1291
feet-to 1300 feet, proved them bo Lo the wegmiest of any tosteds A .
saltple corresponﬁin‘ o the sceetion 12971 fuct - 1294 foot and.
saturated with water was found to have a coupressive stre o"ba of
700 1b. wer squarc inche The ubCOﬂL sarple cormesnonding to the
seetion 129l feet = 13500 foet was tested after beiny saburated - -
with water and found to have a omoresvao strenzth ol 790 1b. per

sguare inche

T o "The Vietorilan Mincs Departinent had a teut
cariied out on 8 sample of plauconltlc sanostone fror Noe 10 Bore.
The samplc was 5% -inches-éiarecter and 3% inches longs but no indic-
ation is miven as to whether the test pieco vas wet or drye

.The specimen brokc undecr a pfessure of
21420 1bse pr squqro inche © The application of a corrcction factor-
to ¢éonvert the result to that for a standard cylinder reduccs this
stréngth t071380 1he per sguare inche This figure is somewhat
higher than the average valuc obtained by the writer for wet
specimens, but as no indication is givoen as to what horizon the Mines
Dopartmenm -sample ropfesents it is not possible to makc any &1reot
comparison-betwétn the two ¥Yesultsse |

6. Permegbility Cﬁgculated from 0il Procuction Fir urG s, Inray
Bore, Lekcs fntps ~

. s t_» I e : 7, -

Tho avora@e oermeabillty of a produeing.

'sand' can be calculated from the rate at which oil, water and gas

arc produced from a hore il the tthknCSn of the ’sand' and the

pressure within the 'sand' are knowne The Inray borc appears 1o

be. a sultable one on which to base caleulations of perneability

because the glauvconitic sandstonc appcars 0 have been succcssfully

sealed off from water horizons above and below it The fluid

entering the borc casing wnpears to nave cone entirely from the

»lauconltlc sandstonc. ‘ : : )

NESTH

' The location oL't vis bore relabive to No.
10 bore is hown on the locality plan, Fige 7.

: . -In the In ay bore, twunty fcet of glauconitic
dgtonc are oxpo~ca vhleh yilelded 0629 ~alloas of oil, 0.05 a*loas
of water per hOUf,anu an unabtblllﬁ d bub very. siall guantity of
gas, when the bore was bailed dry, lecs when the prussu"c ingicde the

bore was atnospherics Upon. standing for a period of wpprozimately =
2L months, the liquid level rose to wltnln 100 foet of tne swface

under the influencce of reservoir DLCSSUD It is estinatod that the

level which would have.been rcached. dfue };m 1uf1 1ite time would have -
been approximaotely 30 feot from the suwface. s the glauconitic

sandstone is at a dopth of 1250 fcet, the reserv01r nressure is not

lcﬁm than 3L atmosphercs (assuming e speecific ~sravity oF 0495 for

¢ liquid colunﬂ).
The cquation for radial Fluid fiow can be™
uscd  to ealculate the permeavility of. the yielding. layer from the
above data 1f the sas £low is neglcectode
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. .The effcective permeability may be expresscd
asie A , ' . .
(D) XK= N A log, r2

.
nu

2 T % (Py~P,)
where N = viscosity in. ccntipoise
Q = rate of flow in cc/scce
t = thiclincss of producing sand.
P14P2 = pressuvre drivce
Ty = radius of reservolir,.
2, = radius of the bore hole.

Owing to the 1ar§e difference in v1sooo1ty A
between the oil (N 9l centipoisc at 100 F) and water (N = 046 -
centipoise at 400 b) and the relatively small quantity of water
vielded, the flow of the latter is ne~lected in the following
calculatlons .

For the Imray bore the following walues

hold: -

N = 94 centipoise (at 100°F)

QA;v.29 gallons per hour>= 36 ce/sece - i

loé rzl/r2 = 7 6. (asuumlng ry = 500 feet and Ty, = .25

feet) , .
t = 20 feet = 640 eme . . __C
P15P2 = 33”atmosphere8o -
Placing these values in oguations (D) wo o

find that K “.2.05 millidarciess BTN . o

It 1s a remarkable result tnat this figlre “
for the Imray Well should be:so closc to the average permeability ’
(2416 millidarciés) arrived at from tests on the UlaUCOnltlc sand-
stone from the upper 36 feet of Nos 10 Borcs . :

In the first place it has been assumed

that the whole of the 20 feet exposed in, Imray Bore has yielded
olle This ig evidently not the case and the thickness (t) used In ‘
expression (D) should be modified to make allowance for this- :
factore ~IFf it were assumed that the whole of the production was
from only 5 feet of sandstone whilst the remaining 15 feet were
impermegble then the average pepmeablllty of this 5 feet would be
four times as great as the figure given above, namely L x 24,03 )

= 8¢l2 mlllldafcles. ‘Nevertheless the weighted average permeablllty
for the whole 20 feéet, under this condition would be the figure
arrived at originally,'namely 2,03 millidarciese

The averaﬂe permeabllluy given for the upaer
36 feet of No. 10, bore is not alweighted' average, but mercly the.
arithmetical average of a number of determinationse However, if
the specimens examinéd are truly representative of the various
horizons within the glauconitic sandstone then because the
specimens were nore or less cvenly spaced throughout the section,
the arithmetical average otateo would apvpox1mately equal. tho

weighted avéragée =

3



e - Lo Tac error introduced through negleebing
the influcnce of watcr and gas flow in the calculations of pernmc-
ability 1s probebly snall, Jut if thesc flows had been allowcd for
in the caleulations of permeabllity, then the peringobllity finally
arrived at sould have becn sreatoer-than - 2.03 millidarcicss It
nust be conceded, thercforcy that there is come justification for
cluoiming that the calculations based on production from Inray Bore
confirm at least in order of naunluuue the pcrmoablllty Tigure
aprrived at fron neasurement of specinens from No. 10 Bores

70 SQZKQ&I‘V‘ 8

4 Porncobility, porosi by, cpparcut densgity
and compressive strength tests have been car f¢uu out on a nuwaber of
speecinenus of plauconitic sandstone from Lo 10 Bore, Lakes fntrancce.

, Permeability varicd widely throushout
the section reorcscnted by the pc01MUnu, the averope peemcebility
for dry qqmzlbu beins 2,76 millidarcics Tor the top 36 foect and Lb5e7
for .the lower 9 fcote A considerablc part of tﬁm top sectiong howe
ever, qu lesu than 1 mlllldarcy SRR

Per 1cab¢11tj was found to vary with tho
u01utur0 content of the sample and it is estimated that the ~ - .
permeabllity of waber oaturatea slaveconitlic sandstonc would bo less
han half the 'dry' sample valuce

It is of interest to comparc the Derme-
dblllty and porogity of the glauconitic: sandstono with the perme-
ability a?d porusity of known producing sands. Fancner, Lewis and
Barnes ( ) give a table.in which_ the Dermoahlllty and porosity of
127 oando,JHNﬂnAHOflcan 0il fields, are listed. Those sands cxhibit
a wide var;atlon in permeabllitveronging from over 3000 millidarocies
for one sanple of Woodbine sand o zero permeability under test
conditionse The range in permeability found for 47 Bradford sands
is comparable with that found in the tests deseribed-in this reporte
The maximum for the Bradford sand, 153 millidarcies, can be compared
with the maximum for the glauconitic sendstone, nanely 135 imillidar-
cicse The comparison is also good for the lower values measured
although the percentage of vermeabilitics lower than 0.2 millidarcies
is mugh higher for thec glauconitic sandstonc than for the Bradf ford
sund.

Other~saﬁds in the tables; varticularly™
oeechley, Wlnd¢a11 and Clarcndcen sands ‘have hbrmcaJllluluS comnafﬁu‘
able with those found Tor-the clauconitic sandstonce .

4 - : Asthe sands tested by Fancher, Lewis
and Barncs were talién frof OLl fields in which the productivity is
greatly in excess of that of 'the Lgkes Entrance field; it can be -
concluded that the low average- permeability of the Plauoonltlc
bandatone is not catlrely fOSQODonlG fon their low 3roduc»1v1ty.

Porosity was found ‘to be relqtlvcly

uniform" t%roufhout the socﬁlon, the averase value for the top 36
feet being 382 per ccnt. and Tor the bottom 9 feet 36,6 per ' -
cente. There was no r"elatxon bObWUCn guPMuablllty and oorosity‘

. ‘ S A Tqﬁ porosity of the swnds in the tables
given by Fancher, Lewis and Barnes ranges from 2% LOP one of the
Bradaford sands-t@ 23.8% for one of thc Wooduines - The gree b majority,
howevery have porositics ronging froin 10“ to 20e It is statod that
the Morc - representative SaHOlCD of “rﬂd¢ ru Sand range cnporosity
Lrog 11 tO 13/00 "J'

[%

‘ s ‘Tone of “the 0il sands in the table havo
porositics as high as the zlavconitic sandstonce . :
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4 search was made through nunerous reports on
the por031ty of oil sands and in none was reference found to an
oil sand wWith a porosity as high as that found for the Mlauconltlc
sandstoncae

Its high average porosity (36% to 38%) there-
fore scems to place the glauconitic sandstone in a class apart
from other known oil sandse

The occurrence of larmo quantltles of rdaw.co:n.lte
in this sandstoney; howe¥er, renders it different from oil gands lish -
ed by Fanchery Lewis and Barnes and.other workers and it seems
likely that the ﬁlauoonlte is in some way resnon81ble Iar the high
porositye v

: Aooarent densities varied between 1o 67 and.
1289 grams per ccey averaging.i«72 for.the top 36 feet and - -1.76
for the bottom 9 feete

Compresgive strength tests showed substantial
differenccs between wet and dry oamples, wet - samnles havln CcOon
31defably lower strength than drye. The average 'dry! sample
compressive strength 10r the top 36 feet was 2,590 1lbse per square
inch while the average for wet samplcs from the, same nart of the
glauconitic sandstone section was 1,294 lbse per sguare 1nch.

" Calceulations baséd on oil production and known
pressure drive in the Imray bore give an approximate figure of
2.05 millidarcies for the average permeability of the 25 feet of
glauconitic sandstone exposede This figure confirms, at least
in order of mafnluuoc, the average of the permeabilities observed
(2416 m1111daro¢ms) for thc top 36 feet of the glauconitic sand-
stone in Nos. 10 Bore winich’ co;resnonds stratigraphically to the
glauconitic sandstone exposed in the Inray borece - :

«

Be Bolyzoal leestoqg - LQLGS untranoe Shafta

Two spec1mens of polyzoal 11mestone werc sub- .
mitted for permeability testse These corresponded to. depthg of

320 feet and L28 feet respectively from the surface in the shaft .at
Lakes Entrance, The, position of this shaft is shown on the localilty
plans Fige 7« The sge01meas were found to have no asppreciadle
compressive strength when thoroushly wet and were resdily deformed
by thc pressurc of the fingcerse It was not possible to prepare

test pileces in the standard fashion, but some cylinders were cub

from the specimcns by the dilamond dprill in the dry statce

These cylinders wecre cub into suitable lengths
and the ends squared off in the gpecial holder (Fige 3)e The gsides .
of the cylindrical uaWUleu, POWuvofy were somewhat irregular and it
was thought that serious - leakacse might oceur down the sides of the
samples whein mounted in the rubber stopper-of the Model I permeanstels
In order to eliminate this possibility the sides of the cylindrical
samples were sealed by means of -plaster of parise The samples
were dampened to ensure-that “the plaster adhe“ed but were not
sufflolently wet fto permit s¢rious ingress of the plaster into
the central part of the cylinderse The plaster when dried was
smoothed by means of coarse sandpaper and after thorough  drying
the sanples were mounted in the fodel I permeanctere B

No bedding was discernible in either specimene
Three cylindrical test samales were prepared from the specimen
collected at a depth of 320 feet, but the orientation of their -
axes relative to the bedding was unknown. . However, the axes of
the three cylinders were  parallel t0 one another.

' Two, setg of oylindrical test samples were cut
from the specimen collected  at 'm -depth of 428 feet, the axes of the.
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two scts being at ris syens un 7les to one another, but’ their orlcntatlon
“pelative to the boddlng WES UWINOWe :

-

-, The results of tho tests arc sct out in table
{Lorri bolows o oo o ‘ ~

§ Caimle , ) - Porcability
B - \ . c millidorcics..
320" Noe 4. R a1 -
520! Nos 24 . i 1903,
3203 No. 3.' . g '1“.8
Average 320’ 167
.." Ll'28' A NO."I. . o 87
'LJ-OS’ A Noe 24 = ) 450
: 112"’ B Now e 140
- L!-OB! B Noe 2a R - . ' 139
Average Lh2gt oL 138

L ' Samples Nows 1 and 2 (dopth 320 feet) were
slightly 11peffect cylinders and had to be bBuilt to cyllndrlcal
shape with plaster of parise  The permeability figure given for
these samples 1s, thereforc, not as reliable as other figures
qguotcde

The. axes:of. the cylindeis cut £rom the samplés
marked A (deoth 128 feet) were cubt at right angles to those marked
B, The fact that there is no apprccia ablec @1fferrnco in permeablility
between the A and B sauples suggosts that bedding has no qopf@@lable
influence on permeablllty althouch the pos 51b111tJ that each axial -
diréetion is at 45 to the beddwno must be borne in minde To be
cortain of the influcnce, if any, of bedding, a third sct of wvalues
correcgponding to samples with axes at rlrnt anfle to A and B would
be needed. : - ‘
= : Thc averane VOlUuD of 167 nillidareics (320
feet) and 138 millidarcies (428 fect) wore for dry samples It is
probablc that permcabilities of COP‘C&uOﬂ(ln” wot aaWL>“ would be
con51defaoly less*tnan tneue fl woo.A S ) o

C. Smx,hustmﬂaanlhﬂummwgu.;fv"i e

(Black Duck Q80001t>9 BowcnﬂPaf and Parraba, - mew South Waless .

—_— D Thc Lollow1n)'vhyolcgl oropgrtles Were
studied =~ " o )
a) Apparcnt density of dpry dlatomitce
b ‘ropoolty. . ‘ -
c fPuBHuabll ty.

Test uamples WLEO cut fron 1wy material and
were cylindrical in snapce The apparatus uscd in pOPOpltJ and
OuPManlllty measureients is described carlicr in this rcports The

sults of thc tests are set oubt in the follow1n~ table. and are dis-
cussod belowe

o The follow1nﬂ notos cover, the results of tosts
made on Llatomltes From. threc. 1@Culltlew9 narlely - -Gatton, Queensland

)
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A B e D . E__ P G

Sample K’Deﬁsity | Porosity \"' Permeability (K) l

Locality of Dry Calcul- Valuc millidarecies

& Number  Sample ated lNeas— mole Wetb. 7§Q%Q;e Dry

% . ured % m'darcies. % n'darcies

Black Duck a

GatﬁOn, . ) - R .

Qld- . .\ ' ' ' . ‘ '

Noe 1. o3 .79 . 73 138 6465 13411
. N N . ! * N N :

Black Duck - o

Gatton, U : R

Q_ld' : - A?.-v_, » 3 v

Noe 2. « 50 76 71 - 6410 6470 5495

Black Duck,

Gatton,

Queensland. . S - o -2 .

l\lO.' 30 " .}-]-8' [N 77 67 ’1101{- 2 6‘68y 11‘6

Bowen' Park, -~ .. .00

I\IQS@X’VO . Sl . g T

Noe 1 - 339 .“L'VNV .89 . 77 Ll-805“ 15.7 LI-605

BoweﬁﬁPérk; |

NeSeWe - ' : .

NOa Ce - - - - - Ll"] ‘7

Barraba,

NeSeWa RN : . . .

Noe 14 L0 81 0 L7 254l - 5465 25611

Barrabay L : ’

NoS;\‘VQ . :

Noe 2 ‘58 82 72 26.0 . 5.9 2503

1« Apparent Densitye

o The samples were dried in a hot air oven at
a temperature of 150 °C. for approximately 30 hours and -after cooling
in a dessicator were carefully weighed. Their volune was calculated
from the measured dimensions of the cylindere ’

S : As the measurement of dimensions had an
accuracy of not better than i»l% the volwie so debermined is ligble
to an error of aponroximately % 3%, . The United States Department ..
of Commerce, Bulletin 266 .on "Technology and Uses of Silica and Sand" .
gives a table of apparent densities of some United States diatomitese
Of the twelve diatomites cited, the average density 18 058 gram
per ec.. Three diatomites are below 0.l3, the lowest being 04399

' o . Comparing the cxperimental results tabulated
above with these figures we see that as far as density 1s concerned,
the Bowen Park and Barraba diatomites compare favowrably with -the
lowest density United States diatomites, while Gatton diatomite
is lowerQﬁhanuthe average for the United States diatomites citeds
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: As 1ow apparent dbﬂbluv ig one of the nost 4
desirable fGauuPCSy—WhGB®—ﬂCﬁv”1D sUl-ebdon 3 GOAO@BlCdy-it~UOUl@ seent
that Bowen Pc and Barraba diatomiltes might compare favourably ultq
the o@ttep“nua¢;t“ Uﬂlu@d States uluuowluc~:~q tﬂlo ﬂbuybcuo

e PO - 2 S Py - oL

\ “ - - o

RN ﬂhl_.:':,;;‘;.é,,,‘-»,' Doroclt:: R _ w.‘,.' . . o
N S 3s~n < It w&ll be obscrved that the tabhulation ives
two figurcs for DOPO‘iﬁy - one which hasg been calculatsd on the -
1

assumption that the truve denslty of the naterial co:%ﬁisiné the
diatomite is 241 /ce. (sec Dardley-Iilmot page 6)1 end the other
figure 1s tae ve sult of direct HQMuUUGMLnG DY an expanding ailr

method. (Fig. 6)e =Lt w;h\ be notod that the calculated firure is
higher. 1nwgaghm;n5fﬁﬁé o THE FOTER ST “tae oosadble-sxplanatioas Lo .

this, namsly:-

(1) Thet the waterial comprisins the Giatonites is lcss
densc than assumed (2e1). .. . .

(2) That not all the alf “spaccs within.the spccimens arc
inter—conasctcd and tuat somc cre compdlctely cncloscdse

In order to makc the calculatcd porosity cqual to that measured it i
nccessary to assumc densitics of from 1. L= 7‘f03 the noterial com-
prlsmD the diatouitese -Such apn51tlus arce Car too low-to be con-

sidered probeble.. .. L. . e

As regards the second possibility it must be
cemphasized that the method uscd to measurc porosity demands that . all
the alr spaces within. the spécimen should be intor—connected and able
to contribute to the charge of _air pressurc on which the method is
bascd. The fact that thce mcecasurcd porosity differs np'nar-oc:lqbly from
the calculatcd is taken as proof that such complete ianter-cenncction
does not exist and the differcnce hetween moasurcd and calculatcd o
values is a measurc of the degrce of intor-conncction. T

W

Therc is no obvious relation botweon the-
dooroc of inter-—connection so determined and permeability ultﬂough 1t
probably is a feactor of minor importaonce in determining the permc- |
abilitye Thc most important foctor is presunably the. arca of crogs
scetion .of the continuous air Thamcls, oo

s, P

3. Permeanility.

SN - The figurcesds of perucability siven in the
apiewgpc 59001flc perice QllluluS““i.wwwihoy are independent of the
viscosity of the fluid used for the neasurciicnt.

S

Alr wns usecd inthese determinations and
pormeablilitics arc expressed ‘in millidarcics,

S - The cwl1nawlcai scnples of ulamoteﬂ approx-
imately 2.5 ems. wovrc drilled from the nateriel to be tested Dy mecans
of o diamond drill - the specimen b&inw thoroughly‘sogcod in wator
prlor to drilling. = The cnds-were. tr nco 50 that they werc parallel
to. sach other and norasl to the uﬁCﬁ uj ohe cylindom, the ?ed;ta of
ﬁh@ cylinders being approxine uely v5: Gne-~ “An exial holc of diamcter
gpproximatcly 0.8 crr wes then Qllllwu through the cylinders and the.
preparcd samples were mounted in the ‘Model IT - Derineancter so that @ o
he rate of flow of gir in a Tudlal airbctlon coulu ha mGaSUPuC.
‘ faba i
: : After «air oLylnb fOﬂ several udJ° PCTTS ™
shilities were dctermined on the ailr dricd samples wihdch JCPL then
carcfully weighed, thoroughly - dricd at 4. teanerature of 4150°C for
gscveral days, weighed again ﬁu fl ally tno‘pormoaulllty Wwas again
measurcd,’ ' e S
P I A o R L . ;
The table above “shows the . rosults.of this
teste Under Colums E and F are shown »crnicanility and moisturce
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content roespectively, of alr dried samplces whilce in Column G arc
shown permcabilities of qven dried saunlesq

x The permcability was found to be tho scme before
and after dryins within the limits of oxworlmcntql Crror.

‘ In a2ll cxcept Black Duck No. 2, the axcs of the
cylindrical samples were normal to the bedding plancs which were
readily discernible upon wetting the raw matcrial. With radial
flow as measwrcd in the permeability tcsts, the flow was parallel
to the beddings In the casc of Blac“ZDuck Nos, 2, however, the
axis of the cylindrical sample was parallel to the bedding and
thus the radial flow was partly along the bedding and partly across
the bheddinge It will be obscrvced that the permeability of this
specinen (690 millidarcies) is approximatcly half that of Black
Duck Nose 1 and 3 which sugrests that the permesbility normal to
the bedding is wvery much lower than in the direction of the beddinge
On the other hand a measuremcnt of permcability across the bedding
. was made in the case of Bowen Park No. 2 specimen and the figure

(u1.7) obtained did not differ greatly from that obtained in Noa. 1
specimen (L46.45) for flow in the dircetion of the bedding.

D. Roma Sandstonca

During the construction and corly stages of devel-
opment of the pecrmcability and porosity apparatus a nunber of rocks
of wvarying typcs were preparcd as test samples for the purposcs of
developing the tcechnique. Amongst these rocks was a piecc of sand—
stone which, according to a label attached to the specimen, was
reprcsentative of one of the natural gas horizons at Roma, Central
Quecnslande The nunber of the bore and depth from which the
specimen was taken are unknowne

The specimen wos a plece of 3 inch drill core
approximately 2 inches long and from 1t were drillod a nuwiber of
cylindrical test samples 1 incnh diameter and approximately 0.5 inches
longe In all, six test samples werc prepared and permcabllity tests

were made on all of thesc and porosity tests on fours The rcsults
of the tests are set out below. he samples were oven dricd before
testinge

Sanmmle Perinegbllity Porosity

millidarecics Per cento

Noe. 1 A 6147 and 621 gA & B togcthere

Noo 1 B 53 1“.8

Noe. 1 C 59 1648

Noes 1 D 5608 -

No, 2 A 5347 1668

Nos 2 B 5248 -

Mean Value 57«0 1601

The direction of flow in each sample was parallel
to the beddinge : ~

The permeability figures are much more even than '
those obtained in tests on glauvconitic sandstones, the maximum
departure from the mean being less than 9 per cente This can be
attributed to the even—grain of the samplesa

CANBERRA, Ae«CaTe = R.F.TH¥EB,
ond Februarys 1944 Geophysiciste
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Figels : MODEL I, PERMEAMETER .

Specimen:- Glauconitic sandstone, Bore 10, Lakes Entrance,
1291.5 ft. - 1294.5 ft., Nol.L8,

Diameter « 97 inches.,

Airea (A) = Le75 cm2.

Thickness (t) = 838 cms.

Air temperature = 62°F, ‘

Alr viscosity (N) = 181 x 1Ohu.centipoise°

I

— o —

4 -~ B .
Fy Hy H Hy-H, Py-Pp Hz-H;  Q § G
Inches Inches Incges Inches Atmohs. Inches cc/see cc/sec ?1-Pg

1,90 -.06 2,17 1.96 00042 27 «033 «033 7. 85
30 37 “~e 12 3. 88 30&9 OOO75 051 ¢062 0061 8.13
50 O? “o 18 50 85 . 50 25 .0112 078 .0911- 0093 80 29
* 6. 98 ~e 23 80 06 ' 7. 21 cOlsLl- 1008 0130 0129 8. 38
8. 69 -s32 10,05 9.01 0193 1,36 .16l .162 8e 14O
10.52 -.36 12,13 10.88 .0232 1.6l 2135 «192 8.28
12.29 -~ 41 14.19 12,70 ,0272  1.90 e 230 . 226 8e 32

- 3
K= Nt @ 107 pitiidarcies
A (Py-Pp)
1,81 X .,838 X 8635 % 10 - 26,7 millidarcies
Le75
3
3
o
O ’
o
m#.z Specimen No.lL8.
‘. .
[}
o
0
[}
4
e
£
o~
g Mean slope '
g = 8435 cc/seco/atmosphere.
o
or{
g—.l
O
« 01 «02 03
| 1 i

Atmospheres 101/



Figo 5e

1

External diasmeter
Internal dlaemeter

Thickness (t) = 3.26 cms, BN

Air temperature =
Alr viscosity = 181 x 10-U centipoise.

U - v n gee + A e
LOUEL II, PN TANBIER .

Specimen:~ CGlauconitic sandstone, Bore 10, Lakes Entrance,

291.5 fto - 129&‘5 fto 1\1005’—1».

.99 inches (2ry)
«30 inches (2rj,)

il

63°R,

I,
v oo
!
t

\
(TR .
e e
T - 13
,

Cubic centimetres per second.

Py - Py Q -2 - QP
Atimospheres ce/sec co/see L2
- 0056 . 060 « 0595 10.6
0107 «119 o117 10.9
«0160 «173 «171 10.7
« 0205 e 230 . 226 11.0
« 0252 281 « 276 10.9
« 0302 o 32 e 335 11.1
. 0353 <1405 « 395 11.2
1"1
K = N loge T3 4 Q % 103 millidarcies

_1.81 X 1.19 X 11.15 X 10 _.11idarcies

628 X 3,26

= 11.65 millidarcies

Specimen No. 5l

- e3

Mean slope
11.15 cc/sec/atmosphere.

- o 2

- ol

.02

«03 . 0L
] |

| |
Atmospheres.

1012



Fig. 6.
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PHYSICAL PROPLURTIES OF CGLAUCONITIC SANDSTONLS, BCin 10, LAKES L TRANCEH, VICTORIA.

Description of Section ‘ Position ;Sampld Permeabillity Porosity Densityg Compressive
Noe 10 Bore I of Test Number in mdllideorecics _ rercent Voids Gm/cc ! Strength
(after H.G.Raggatt & : U Sample in i Obscrved - Averape (Obser-| Cal- average f lbs/square inch
JelWeBinney ‘ Section ’ ved cul-| Obser-
J ‘ ated ved
Depnth Thick~ Description 1257 to o o b e .
ncss 1259 Specimen; top soft tolpreparp for) tests.
1255' to  2'0" | Fine-grained. No| 1259' to 1 0.17 Pl .12 2860 Dry
1257 | 0ile 1261 2 0.078 |P \ 1090 Vet
1257" to | liedium-grained. | 1261' to 3 1433 Pl 4.0 2420 Dry
1261'3" L'3" | 0il streaks 1263" L 1408 15 ' 1060 Wet
d  throughout es- | 4o6)" to 5 lx 0401 c 3849 2680 Dry
19601a11¥t1n Low-- 1065" 6 04703 P .Ol5 11,0 33 46 2400 Dry
- oL 2 fect. 7 ko005 P 3545 1210 o't
12611 3" | 8 |x 0.015 P 3940
to 1264! 2'9" | Hard, Shelly.
i Slight oil show-
i inge ;
1264" to  3'0" | Hard, Shelly, 1265 to 9 0420 Pl 0.3 2980 Dry
1267! , Some thin sof? 1267 10 D52 P 1295 Wet
bands with a ,
little oil.
1267 to 1'7" | Several shelly 12681 Scecimen| vepy shelly|~ unsufitabl¢ for tedtse
126817" bands, 0Oil ,
streaks a few
inches from top
of corec.
7258777 376" | Hard, Shelly 1268 to | 11 0.15l | P | 0415 1350 Wet
12729  with two soft 1270
: bands ne
; bgﬁtgm, Sﬁy 1270 to | 12 0.072 | P =
- - ] 1272! 13 04053 Pl 0.38 1450 Wet
1272M4" f 14 0.93 P
to 4273'7" 416" | Fairly Hard, Dy
yo73t70 1272 to | 15 | 1148 P 1850 Dry
to 1275'1" 46" |Slightly softer | 1273 16 383 P 117.2
than previous 17 1639 P 1010 Wet
8y, D
187, bry 1273' to | 18 |x .08 [P 32
1275 19  |x .2 P 1 37 642
20 X .03 > e13 %7 36 4020 Wet
12751" to 14275 %o -
127744 2'10"IVery hard with 1276! Speeimen ery hard - found impossible to ghape test samples
two thin soft = . ~ -
'band_s’ Dr‘y 1277: to 22 "%l‘o C 4305 3)4- - 1.72 1580 Wet
1278 23 1631 c 2.2 | 34 1473
2L{- 2e OZL P 3907
25 26140 P 1686
26 o1 i ~ 33«7 | 34 1e715
27 5486 N
28" oLl i)
1277111 to 3'0"{Alternating hard | 1278' to 29 7412 Pl 5.69 2960 Dry
1280111 " and soft bands. | 1280! 30 l1e25 P *
: 01l showings in
latter.
B e e A - S —— - = e e,
280111 1280' to 31 0,096 P | 0,096
to 1283'11" 3'0"|Hard mainly, 1282!
Three 1" soft ' - )
12827 to 32 06093 P O 1
bands, Dry 1280, 33 0055 P .076 i 1850 Wet
128%'41"0 1'6"|Hard, Shelly, 12851 rfBA 73 N «86
1206b' 5" Dry - 35 99 N |
-:I 285 ] 5" -
to 1287'5" 2'0"{Top 1' soft,
i bottom hard No samplgs availalfle
1287'5" to 8" |Soft, Oily,loose
1291'6" L 4'5'" [fine, even
L grains highly
polished and
well roundede
1'0" ISoft, slightly
-4 '0" jpily, fairly firm}
i oily at base.
E—en = -y s &
1291'6" Friablc, dark 1291' to | 36 1947 P / 31 ) 1482 700 Wet
to 1294'6" 3'0" lgrecnisch-grey 129L" 37 3245 P 25 32| 3047 177
sandstones No (Sample 38 2648 c 38 Teo
reaction with | from Vie- | 39 6elt N | 60elt j
etroleum i torian Lo 8343 N g
ether. (Core y Mines 41 1119 P a
recovered Depte) P b2 135 P ! 3 §

:

Hf1on> - f P 1




-

2 .

Description of Section Fosition iSample ! Permeability Porosity . Density ;Compressive
No., 10 Bore :of Test lhumber, in millidarcies Percent Voids Gm/ce. | Strength
(efter H.G.Raggatt & Sample in * ‘Obgerved ! 1Average Obser-, Cal- |Average i 1bs/square
J.WleBinney) I section . | t ! "ved  cul- !Obser- inch
‘ : ! i t ] . ated  ved
Depth Thickness . Description ) ! i 1 I i :
1291 '6" | f | 3 o | |
to 1294'6" 3'0" ‘Friable, dark 1291 '6" v b3 1 23.2 P , .g 29,4 ‘
: greenish-grey ! to ooy 33.6 P § }
; ‘sandstone. No 129L4'6" u | 257 P | 3243 ;
: reaction with i( Sample Le | 2745 | P ; |
i petroleum ether. from Y S 29 | P i
: Core recovered M.R.S. fou8 ;2667 P 2
| 1v40M) .collection) L9 7.2 | P 31e5 | |
‘ : 50 82,0 | P 335 3546
| i : 53 Le8 ' N ,
g‘ ! - 54 119 ; P ? i
| ; I 55 16,3 | P 3946 |
| | i 56 60,9 | C | L2.0 , |
129L'6" 5'6" [Light grey, ine, 1294 to | 57 5545 | P | 38.39] 34 1481
to leven grained sand 1300 i 58 10«5 P D 1e2 33 1¢75 | 730 Wet
1300'0" f—stone with some P59 56 N
.goarser grained . . 60 3L, N L5471 i 3745
_hard bands. Foss— i 61 1 6L N ;
'ils at tops Very . 62 1 39.5 | C 3148 | 28 1489
|8light reaction ! : 63 26 P |
i to petroleum ; : ; |
| ether (Oore rec- i | ; | ‘
,overed 5'6'), i | ; i ;
t
MEAN VALUES..
1255'" to 1291'6" 2416 3842 1.72 2590 Dry
1294 Wet
1291*6" to 1300" U567 3646 1478 715 Wet

x Permegbility values marked

thus are approximate.
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