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FLUID FLOW THROUGH POROUS MEDIA. PART IIl.
AIR PERMEABILITY OF CONSCLIDATED SANDS
PARTLY SATURATED WITH WATER*

By N. C. SEN GUI'TA
(Received for publicalion, Nowo. 11, 1943)

ABSTRACT Aun apparafus suitable for measming pas permeahilitics of consolidated
sads, partly satorated with Tiquids is deseribed  The maximum rates of flow of adr heyond
which the obscrved permeahilities tend to- diminish were found for seven sumples of dry
consolidated orwell sands from Assam ofl ficlds.  Air permeabilities of these core samples al
difterant degrees of water satmation were oblained heeping the  rate of flow of air within the
above limit, - When the jelative ain permeabilitics were plotied against the  corresponding
waler caturabions the cuives obtained with the diflerent cone samples conld he divided into two
fypus Tnthe st tvpe the air permeahility was copstant within the limils of experimental
crror unGl the howd saturation exceeded o certain value (s—15% ) beyond which the permea-
hilty dininished, auwd fmally heeame zero as the liquid  saturation approached 100", With
the second type of curve thespermeabilits hegan 1o dunintsh s the liguid  sataration increased

from zeto, The ramaining portions of the carve were similar to those of the first tyvpe
INTRODUCTION

,
In the fitst and sccond patts of this series (Scugnpta and Mg. I'hein Nyun,
tad., 10.03) measurements on the use of wases for measuring true permeabilities
of porous media, and the selations between porosity, permeability and  average
prain size of a mumher of oilsands obtained from Burma were reported,  In these
measurements the cores were extracted with chloroform and then  thoroughly
dried before measuring their permeabilities, 1o all technical probleis associated
with flow of fluids through porous media the latter ate almost always partially
saturated with one or more fluids.  For example, oilsands may contain, in addi-
tion to crude oil, ¢ither water or natwial  gas or both. It is desirable in such
wses 1o investigate conditions of flow of one fluid through consolidated sands
partly saturated with another fluid.  In the present paper results on flow of air
through cores partially saturated with water have been reported.
Ihe permeabilities K, were caleulated using the relation:—
KotV Pt Lo
(pe—p7)A
where V in the voluines of air in c. r. flowing per second at atmospheric pressure
through the cylindrical core of length I, v and arca A sq. ¢, Py is the pres-
stre of the inflowing and p, that of the outflowing air, f the atmospheric pressure
all expressed in atmospheres and 1 the viscosity of air in centipoises (0.0189 c.p.
at 25°C the temperature of measurements).

* Communicated by I'rot ] N Mukherjee =
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The permeabilities of the part ly saturated cores were ¢
of the permeabilities of the dry cores and the liquid saturations were expressed
in percentages, those of the completely saturated coros heing taken

capressed as fractions

as 100" ;.x
ENXNPERTIMENTANL

The apparatus used for the present measurciments is shown iu If1 1Rure 1.
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It 1s different from that described in Pait T of the serics. ‘I'hie core holder
1s very similar to that used by Muscat (1937) and othus except that the cores
were scaled in brass cylinders and held in position in the core holder by rubber
washers. ‘I'he brass cylinders were removed from the core holders from time to
time and weighed to determine the relative saturations.  Air was taken from a
pressurc cylinder and dried by passing through a chamber containing  fuscd
calcium chloride. ‘The pressure of the inflowing air was obtained from a mercury
manometer and that of the outflowing air from a water manometer. 'I'he rate of
flow of air was mcasured with a capillary flow-meter previously caiibrated using a
gas burette.

The core samples were first cut to the proper size, extracted with chloroform
and thoroughly dried. Each corc was then sealed in position with sealing wax in
a brass ring. ‘I'he brass rings containing the cores were weighied when dry  and
again when completely saturated with watcer, the difference wiving the weight of
the liquid filling the pores.

It was shown m Part I of this series that the measured permeability  dimi-
nishes when the rate of flow of the gas exceeds a certain limit.  Similar mcasure-
ments were also made with the seven core samples used in the present measure-
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ments and the limiting  rates of flow helow which the measured permeability

remained constant were ascertained.,

In measurcments with partially saturated

cores the rates of flow of air were kept within this limit.

RESTULTS

AND

DISCUSSTION

‘The rates of flow at different pressure gradients through several core samples
are given in Figure 2 and in Tables I and TI.
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TamLy 11
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Permeability at zero rate of flow  from graphical extiapolation— 1003
millidarcy.

The permeability remains constant (within a - maximuni error of 1 2.5%)
until the rate of flow exceeds a value of 0,506 ¢ c./see /sy cm. Sinnlar results
were also obtained by Carlson and Eastman (1g10). In the measurements reported
below the rates of flow were kept below 0.5 e.c. per sce. per sg. om.

Air permeability at different degrees of water saturation are shown in
Figurcs 3 and 4 and ‘Tables 111 and IV.
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TanLe 111 TABLE IV
Core No. 7 Lengthi-—-1.95 el Arca of cross | Core No. 5 Length 2,00 em. Area of cross
section —g.58 s, e, seetion 9.26 sg.cm
\ z
Percentage Permeability | Relative Pereentage Permeability | Relative
water (millidarey) ¢ permeability water tmillidareyr | permeability
saturation t saturation 1
i i |
5.8 ) = 83.0 ; " —_
8.6 0 - - 740 ! 175 0.0215
83.9 O — 6.3 40§ 0 0498
70.0 § . H045 61 5 3 5 67 0 0608
6.0 0.0 0.8y [ 743 0.0014
h1.0 Vo 0102 53.3 ‘ 9.0t 0.1167
55.0 17.2 0 200 19 12.80 o 1582
AT 18,2 o 218 43.8 | 2104 ! 0 2580
40,3 252 U.302 33.4 34 08 { 0 4103
30.7 392 0 380 27 31.59 04871
3.6 38.4 460 21 63.39 0 7798
j0.2 473 © 566 14-4 76 72 0.0139
25.8 4y.1 0.581 1.0 B1.28 1.00
18.9 6o.y 0,720 00 81 28 1.00
1.0 6.1.0 n.768 —- — —
101 72.0 0850 - - _—
o 835 1.00 — : — —_

While curves plotted in Ifigure 3 approach zero liquid saturation asympto-
tically those plotted in IYigure 4 make an angle at zero liquid saturation. Other-
wise the curves are all alike in shape.  The slopes at the point of zero liguid
saturation do not seem to depend on the permeability of the cores, Again, some
cores attain zero air permeability long before complete liquid saturation is
obtained while others approach zero permeability as the liquid  saturation
approaches 100%,; cores showing the former behaviour generally have lower per-
meabilities. .

Krutter (1941) made measurements similar 1o those reported in this paper,
‘I'he author is not aware of any other work of similar nature although the
simultancous flow of {wo or three fluids through loose as well as consolidated
sands was studied by Wyckoff, and others. (Wyckolf and Botset, 1936;
Leverett, 1038, Botset, 1030 ; Leverett and Lewis, 1g40). Wyckoff and others
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made measurcments using very highly permeable cores and obtained curves which
resembled in some  respect those reported in Figure 3. Krutter found that
different core samples produced curves of dificrent shapes althongh  his average
curve was similar 1o those of Wyckofl and others. ‘The reason why  diffierent
cores would show different  permeability, liquid  saturation curves docs not appear
to be very clear.
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