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SOLUTION OF LINEAR IMMISCIBLE DISPLACEMENT PROCESS IN A FINITE
POROUS MEDIUM WITH RANDOMLY ORIENTED FRACTURES

G. VENKATESWARLU
Geaphysicist, Oil and Natural Gas Commission, Baroda

ABSTRACT
In this paper a specific problem:of immiscible displacement through a porous medium
containing randomly oriented fractures is discussed. An analytical expression for the phase
saturation distribution is obtataed by adopting a perturbation procedure.

INTRODUCTION
POROUS medium consisting of extensively

developed system of randomly oriented f{rac-
tures is called a fractured porous mediuom., In such
a medium the entire porous domain 15 made wp

INETIAL BOUNDARY

X=0
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of a large number of porous blocks each surrounded
by the fractures that may form an interconnected
network of narcow passages 1mbedded In the
porous medivm (see Fig. 1). The physics of
oil water flow in fractured media is described by
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Bohserman ¢f  all. Recently Verma23 and
Venkateswarlui® have discussed specific  oil-water
displacement problemns in porous media with addi-
tional physical phenomena, and offered their ana-
lytical solutions. In the present investigation, we
consider extensively developed fractured system of
the type described by Bokserman et al. Further
we assume oil and water as the two immiscible
phases involved in the displacement process.

Water at a conmstant velocity (V) is injected into
a finite fractured medium containing ol {Fig. 1).
1t is assumed that the entire oil on the initial
boundary, X = 0 (X. being measured in the direc-
tion of displacement) is displaced through a small
distance due to the impact of the injecting water.
It follows from this that at X =0, K,=0 for
all time becomes the boundary condition of the

problem.

FLow IN FRACTURED POROUS MEDIUM

In a fractured porous medium the volume F:-f
water entering the blocks (under the action of capil-
lary suction) in an elementary volume of the
medium is called the ‘Impregnation function’ (1)
which is defined by Mattax and Kyte? as below :

$ (t) = D (et)
where D and € are the constants which depend on
the nature of the fractured medium and ‘' 18 the
time. Ryzhik has pointed out that in a fractu*-:ed
medium the equations of continuity for the flowing
phases include an additional term the capillary
suction function ¢ [T — 7 (£)] which 18 defined as

below :
$IT—r(£]=D[T~7(H]; T=e (1)
r (§) = a#* (ais a constant).

' = ? (1 is the mean block size).

EQUATION OF MOTION FOR SATURATION

From Darcy’s law the seepage velocity for water
(v ) and oil (v,) and the continuity equations for
the flowing phases (after Ryzhik as in ref. 1) can
be written as below :

K, op

v, = — K T (2)
g Kedp

Vo = = B Ox (3)
aSm de — " —

m~2)-£-+ a:—r—‘lr' ¢[T ()] 0 ()
0Se , OV

m-é-t- a;~—-¢[T-7(§)]==Q (9)
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where ‘m’ and ‘K’ are the porosity and permeability
of medium; K and K, are the relative permea-
bility to water and oil, which are functions of water
saturation (§_ ) and oil saturation (S5,) respec-
tively ; #, and u, are the viscosity of water and oil.
The densities of the flowing phases are considered
to be constant in the present analysis.

Adding equations (4) and (5) and since the sum
cf the two flowing phases is unity. we may write ;

OV, 4+ 0¥ = ().

dr 7 (6)

Using equations (2), (3) and (6) and integrating

under the boundary condition that at X =0,
Ky=0 for all time, we obtain :
»>_ v
== "~ e, K T (7)
Hir Ho

Pulting the value of v . and dp/8x in equation
(4), changing t to T with the help of equation (1),

we have the equation of motion for phase satura-
tion as follows :

€ asﬁ_‘ _ _‘} Klnu'ﬂ
il Y: FV ox [K{r#ﬂ + Kmuw]
+ ¢ [T —7(£)) = 0. (8)

For definiteness, the experimental results of Jones
[as mn ref. 9] for the relation between the relative

permeability and the phase saturation are taken in
the following form:

Km = Swa; Ko=1 — @3, ,; (¢ = 1'11.)' (g)

Using equation (9), the equation of motion can
be rewritten as follows :

oS, 3PS,2 — 2PaS,? 7 0S
me — V [ w7 7 _____”?,
Y T (1 — aS, + PS,%2] ox

+ ¢ [T — ~ (£)] = 0. (10)

PERTURBATION SOLUTION

Since the fractured medium considered is of
Bokserman er al. type therefore we assume €m
(e ~ 1074 to 10-% and m~ 10-2 to 10°3) as a

perturbation parameter and write equation (10)
as follows :

S, . _ __ D
ox vVT — Rx2?"
(11)

Evgen'evS has recently shown that ‘P’ the ratia
of viscosity of oil to water is large in most of the
cases, and so we assume 1/P as a small quantity.
Accordingly we¢ simplify equation (11) and

[ 3PS,? — 2PaS,"
(1 — ﬂnsw _!" PSma)z
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integrating it under the boundary condition that at
X =0, Ky=0 for all times, we have :

et =vwvasn {=VRl a2
:i:——\/—usm V\/R{lgszf_g}].

The solution by perturbation method consists in
substituting the value of 85,/6T [as obtained from

equation (12)] in eqguation (10) which can be
written as:

vV [f?’PS“’z — 2PaS,” J 08, 4 - o
(1 — 'E*Sw '}— PSw3J2 E)J.T \/T - RIE
+ ¥ (Sw: X t) = () {(13)
where
f(Se, ) = em o

In the light of our previous remark that 1/P
1S a small quantity we simplify f(S,,7,1) and
write equation (13) as:

3PSw - 213&8 3 —] ah.'.'.!w D
v[(l—usw-{-PS 3)2 | Jx +1/T~R:t:

i € 1

- VT — Rz [2.:11/'1‘ ,g\/T = 0. (14)

Rearrangement and further simplification yields :
vV {1 n n 1 . 1 L ,1_}
PZ %S,f 2§, S 2 28
1
~ T VT — R2? 15)
where
= — d Z=D+ —

n ’\/TZ an l 2"-1\/T

This is a first order differential equation which

on integration gives :
Vv 1 1 i

2H—'PZ -g—w—z + S; (R — 2*1) 4+ an log Sw‘

+ F = ._.}_ﬁ_ Sjn'lm VE (16)

where F is a constant of integration which is
evaluated as follows:

at CI.':-D,KQ_—TU

and
1 — ¢S, = 0,
hence
Sy = 1/a
B = — E%IZ o 4 (n--2a} a - na log(l)]

Curr. Sc¢t.—4

Putting the value of F in equation (16), we have ;

V\/R
X = ,\/Rsm o iSm + (n — 2a) — Sm

+ nalog sw} + F] (17)

This is the desired analytical expression for we
Can determine the phase saturation distribution for
any assigned value of x and ¢
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