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ABSTRACT

This paper presents an analytical discussion of the flow of two immiscible liquids in dipping
cracked porous medium. The problem has much importance in petroleum technology. An attempt
has been made to include capillary pressure effect in the analysis and it is found that the mathe-
matical formulation yields a nonlinear differential equation. This equation of motion has been solved

by the perturbation technique to give an analytical expression for the displacing phase

saturation

distribution under the simplifying assumption that the individual pressure of the two phases may be
replaced by their common mean pressure which is regarded as a constant,

INTRODUCTION

THE oil water movement i1 a cracked porous medium

is a problem of petroleum technology and hydro-
peology. Many authors have discussed this problem
from different viewpoints [Bokserman, Zheltov ard
Kocheshkov (BZK)!, Bear and Braester®, Mattax
and Kyte® and Verma*-®]. Most of the authors except
Verma have completely reglected the capillary pressure
effect.

In this paper the underlying assumption is made
that the individual pressure of the two flowing phases
may be replaced by their commo mean pressure ard
expression for the phase saturatior is determired.
The solutio of the ro-li~ear differe~tial equation has
been obtained by perturbation method under the
simplifying assumption.

We consider here that water is uniformly ijjected
with a coastant velocity into an oil saturation, dipping
bed of homoszeneous medium traversed by a branched
system of cracks varying i1 orientation. It is assumed
that the entire oil o the iaitial bousdary (x = 0) is
displaced through a small distance due to the Impact
of injected water.

The main interest of the present iavestigation is
to obtain an analytical expressioa for phase satu-
ration when the porosity and permeability of the
medium may be regarded as coastant. The mathe-
matical soluticn of the nonlinear differential equation

of the flow of fwo immiscible fluids may be obtat-ed”

u-der certain special co ditions.
7. MATHIMATICAL FORMULATION OF THL PROBLEM

The seepage velocity of ol (V) and water (V,)

may be written by Darcy’s law as

V = — E,“}\ (\}Pu - pe £ ¥in ﬂ). (2. 1)
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The equatiop, of co .ti~uity for the flow of water and

oil ir the cracked porous medium may be written
as
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where ¢ [T — 7 ()] is the impregraticn furction

of the crack system. It is the amoui.t of displacing
liguid enterirg the blocks in an elementary volume
of the seam ard is aralytically defired, followirg
Mattax ard Kyte? (as i» BZK!), ard Verma® by the
eXpression
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Irom the definition of phase saturation {Scheidegger?)
we have

S"_; “i‘Snz 1. (2-6}

The capillary pressure (p,} i1 a double phase fluid
flow is defined to be the pressure discontinuity between
the flowing phases across their conynoa titerface, and
may be writtenn  as

g = Do = D (3.7

cmnbiﬁing cquations (2. 1) to (2.4) and using equations
(2.6) and (2.7), we get

a l-( 'if l“ﬂ) h‘:'f’ l‘:u Hapi
AF

1\ l\P“ 4 1:1.! KH,,;) |y \ill -‘J'.] - U {E*Hj
Ly

“L,



122

fategrating cquatio (2 8) with respect to x a4 by
simphfying 1t we get
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where V ois a corstant of 1 tegration, which can be
cyaiuated later o,

The value of the pressure of oil (p,) can be writtey
as {Oroveanu®)

Po ={po+p)~ ~{py — D)2 =p + peil (2-10)

whete p is the mean pressure which s co stant,

Substitutitg the value of dpy/dx from equation (2.10)
inte cq. (2.9), we get’

V-H(a 1(——K“K)”’“
(2-11)
Combining equations (2.3), (2.9). and substituting

¢the value of V and ¢ [T — 7 (u)] from equatiors (2.11)
and (2.5), we cbtain
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This is the nonlirear differertial equatior of motion
for saturaticn of two immiscible fluids in dipping
cracked porous medium when the capillary pressure
1s present. }

SOLUTION OF THL PROBLEM

1t is very difficult to obtain the exact solution cf
the equation (2.12) due to the nonlinear terms occur-
ring therein. The underlying assumption is that P
i1s small for ¢racked porous medium of {BZK) because,
in this case, e~ 10-7 to 10"% and P~ 10-2 o 10-8,
Therefore, we obtain here an approx ruate analytical
solution of eq. (2.12) by usirg a perturbation tech-
niquel® (as in Vermall), and regardirg <P as peitur-
bation parameter (as in Vermas). Thus, neglecting
(eP)0S,.'OT at the first step, we get

s Lo K1) 5, 57 v essins
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Performing the integration with respect to x, we get
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where F(T) 1» the constant of integration which is
determined by usirg the condition

0S5,,/f0x =0, at x = L for all time (2.15)
Substituting equation (2.15) into (2.14), we get
K I dp, 0S5, _
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At this stage, we assume for definiteness some specific
relationships which are quoted in standard biterature.

Ke =S,% Ko=1—0S,, a=1-11
Pe = B(S,”! — C) (B and C are constants). (2.17)

The first one is due to Scheidegger’ and the second
is given by Mishra?,
Substituting these values tn equation (2.16), we
get
0S5,
10 '5‘;
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Integrating again the equatior (2.18) with respect
10 X, we get
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where E (T) is the constant of integration which may
be evaluated from the following condition:

Se = /e at (2.20)
Then combining equations (2-19) and (2-20), we get
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The next step In the perturbation method is to find

the value of 0S,./0T from equation (2.21) and sub-
5titute it in the first term of equation (2.12},
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Integrating equation (2.22) with respect to x under
the condition (2.15), we get
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substituting the values of K., K, and p, from eq.
(2.17) in eq. (2.23) and integrating with respect to x
under the condition (2.20), we get

S,? = (1/2a%) + %@ [%(i sin-1) (L v/R/T)

— xsin~t (x v/R{T) + v/ (T/R — x%)
3/2
~ VIR +(116) @ A/(£557 )

s (x4 — L3 x)]

(2.24)

This is the required solution fer the flow of two
immiscible fluids in dipping porous medium.

CoNCLUSION

In this paper we have obtained the appraximate
analytical solution of the flow of two immiscible
liguids in a dipping cracked porous mediun by per-
turbation method, under certain conditions. The
underlying assumption is that the individual pressure
of two flowing phases may be replaced by their
common mean pressure, some specific results (which
are quoted in standard literature) for relative permeabi.
lity, capillary pressure, impregnaticn function have
been considered in the present discussion. The
problem has gained much current importance In
petroleum technolegy and hydrogeology. The satu-
ration of the water is determined. We have not inclu-
ded any numerical or graphical illustration due to our
particular interest in an analytical solution.
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NOMENCLATURE
A = Constant;
C = Capillary pressur¢ corstani;
K = Permeability of the medium;
K, = Relative permeability of water ;
K, == Relative permeability of otl;
L — Length of the cylindrical porous matrix;
., — Mean block s1ze;
ny - Porasity of the block;
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P = Porosity of the crack sysicm;

Pw = Pressure of the water:

Po = Pressure of the oil;

g = Average rate of flow in across the face:

S == Mean specific surface area of the blocks;

Sw = Saturation of the water:

S, = Saturation of the oil:

! = Time:

T = Weighted time;

i = Mean coordinate;

Ve = Seepage velocity of water:

Vo = Seepage velocity cf oil;

x = Linear coordinate;

B = Capillary pressure coefficient:

¢ = Impregnaticn fungction

d = Surface tension;

o, == Viscosity of the water;

dp = Viscority of the oil;

g = Saturation of blocks with water at the
moment 7. ;

¢ = A compleX constant of cracked characteristics
and the viscosity of cil;

g = Angle of wettingg.

T

Those symbols which are defined in the text are
not included in this table.
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