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2. Empirical Models

3. Regression-Based

4. Exponential Model
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6. Characteristics Length
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1. Shape Factor
2. Governing Equation
3. Partial Differential Equations
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Introduction

Spontaneous imbibition is defined as the process of
displacing a non-wetting fluid by a wetting fluid in a
porous medium by action of natural capillary forces.
This phenomenon is of significant importance in oil
recovery from matrix blocks in naturally fractured
reservoirs in the cases which water in fracture system
surrounds the oil-saturated blocks. This could happen
during aquifer rise and also during water flooding of
these reservoirs. As naturally fractured reservoirs host
a significant portion of the World’s and Iran’s oil and
gas reserves, spontaneous imbibition can be regarded
as one of the most important phenomena in petroleum
engineering.

Spontaneous imbibition can be either counter-current
or co-current. In counter-current spontaneous imbi-
bition, oil and water flow in the opposite directions,
whereas in co-current mode they flow in the same
direction. Most of the previous studies on imbibition
have been focused on counter-current spontaneous im-
bibition. The counter-current experiments are easy to
conduct, and the recovery is obtained by either core
scanning or volumetric measurements. Various factors
affecting this process can be investigated in the labora-
tory.

Prediction of recovery by spontancous imbibition
is important and has been subject of active research
over the past decades [1, 2, 3]. One approach to deal
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this problem is to use scaling equations. Scaling equa-
tions are kinds of dimensionless time equations that
represent the interplay between different forces in this
process. In this paper, we present a review of the past
analytical scaling equations. In particular, we discuss
the universal scaling equations presented in [ 1].

Scaling Spontaneous Imbibition

Many scaling equations have been proposed up to
date. All these equations use simplifying assumptions
which makes their use limited. A summary of various
approaches to get such a scaling relation can be found
in[1,2,3].

McWhorther and Sunada [4] presented the governing
equation for two phase co-current and counter-current
displacements in porous media. For counter-current
flows, their analytical solution assumes that the rate
of water intake varies linearly by square root of time.
Pooladi-Darvish and Firoozabadi [5] were the first re-
searchers who noticed that the analytical solution of
[4] applies to the problem of spontaneous imbibition.
They verified their numerical experiments with the
aforementioned analytical solution. Later, Schmid and
Geiger [2,3] used this analytical solution to derive a
scaling equation.

Mirzaei-Paiaman and Masihi [1] showed that the
proposed scaling relation by [2,3] can be extended



to cover its field applications. They proposed the
normalization of oil recovery by either ultimate
recovery, volume of oil in place, or rock pore volume,
and defined three dimensionless times.

Results and Discussion

A diverse set of data belonging to counter-current
spontaneous imbibition experiments were collected
from the literature papers. These data represent a
variety of rock and fluid systems. Figures 1-3 illustrate
the results of scaling spontaneous imbibition recovery
data available in literature by the scaling equations
presented by [1]. These figures show the perfect
performance of these equations in scaling imbibition
curves. By these scaling equations (or dimensionless
times), all data collapse into a single universal curve.
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Fig. 1 Scaling spontaneous imbibition experiments where
recovery is normalized by ultimate recovery.

0.6

& MzML " mMzm2
. A Mzm3 X ML
H 05 | X e ® 3
e + FMa = FM5
£ ~ FM6 * M7
e u g X FM9
; 04 | X Fwm1 ® Fwm2
= + FWM3 - FWM4
= —~ FWMS * FWMe
£ 03 u FWM7 FWM8
S X FWM9 X FWM10
i3 FWM11 FWM12
s - FWM13 FWM14
£02 * FwMm1S FWM16
= FWM17 A BK1

o BK2 ZMML
301 mm2 Mm3
g —— Analyticsin

0

1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0e-01 1.0E+00 1.0E+01 1.0E+02 1.0e403
tD,new Vi

Fig. 2 Scaling spontaneous imbibition experiments where
recovery is normalized by the volume of the original
nonwetting phase.

0.6
* M1 M2
A MZM3 X M1 > am,
X FM2 ® i3
T8 oo - s
H - Mg . i
] u s P
@04 | x e o fwme
2 + FWM3 = FwWma
s ~ FWMS * FWME
§03 [ W rwwr FwMa
E X FWMa X FWM10
K o FWMIL FWM12
So2 - FWM13 FWML4
g + FWMLS FWM1G
H FWMLT 4
g K2 M1
“ol1 M2 2MM3
— Analyticsin
[}
1.0E-05 1.0€-04 1.0£-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E403
tD,new Vp

Fig. 3 Scaling of spontaneous imbibition experiments where
recovery is normalized by pore volume of samples.
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Conclusions

Imbibition is one the most important production
mechanisms in fractured reservoirs. To predict the
production from matrix blocks, imbibition test results
are required. Then the results should be upscaled
to simulation blocks for simulation purposes. In
this paper, the scaling relations for counter-current
spontaneous imbibition were reviewed. The analytical
scaling equations proposed by [1] work very well in
analysis of data.
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