
TWO-PHASE FLOW IN HETEROGENEOUS NODULAR 
POROUS MEDIA. 

Henri ~ertin*j  Waddah ~ lhana i * *  , Azita ~hmadi*  and 
Michel ~uintard* 
Laboratoire "Energetique et Phenomenes de Transfery- 
ENSAM (URA CNRS 873) 
Esplanade des Ails et Metiers, 33405 TALENCE CEDEX, 
FRANCE "* Abu Dhabi Company for Onshore Oil Operations, ADCO, 
P.O. Box 270, ABU DHABI, U.A.E. 

Abstract In this paper we present experimenlal results 
dealing with the flow of two immiscible fluids (drainage and 
imbibilion) in nodular media with three different configurations. 
1. Type I medium consists of three plugs of sandstone 
embedded in sand (bolh media being water-wet) 
2. Type II medium consists in sand packed down in three hotes 
drilled in sandstone (both media being waler-wet). 
3. Type III medium consists in an oil-wet sand (treated by 
silanization) packed down in three holes drilled in a water-wet 
sandstone. 
The physical properties (porosity, permeabilities, capillary 
pressure, end-point saturations) of the regions composing the 
media were measured independently on isolated samples. 
During the drainage and imbibition experiments, the saturation 
was measured using a y-ray attenuation apparatus. 
After the drainage process, Ihe initial water saturations are 
found different depending on wether the nodules are more 
permeable (sand) or less permeable (sandstone) than the 
continuous region. The values of saturalion in the nodules and 
the continuous region are lower in the Type II medium than in 
Type I. In the case of oil-wet nodules, the initial water 
saturation in the nodules is found lower than in the other 
configurations. 
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The waterflooding of Type I medium presents a classical 
behaviour (breakthrough after 0.3 PV of water injected and low 
recovery). The behaviour of Type II experiment is different and 
shows a non-classical recovery curve. Oil recovery from the 
sandstone ciesed after injecting about 0.3 PV of water, 
whereas the recovery from the sand continued even after 
injecting more than 30 PV. In Type III medium (nodules made 
of oil-wet sand), oil recovery from the sandstone has the same 
behaviour as in Type II experiment but we could not displace 
the oil trapped in the nodules. 

INTRODUCTION 

Two-phase flow in heterogeneous porous media is a problem of 
central importance in oil recovery because most of the reservoirs 
are heterogeneous and fluid flow is the  most significant transport 
phenomenon. 

In order to predict the behaviour of a given reservoir, numerical 
methods are developed to determine the areal distribution of 
saturations. To provide such results, a correct rnultiphase 
simulation model requires no1 only a precise description of the 
reservoir's heterogeneity but also a detailed formulation of the 
physics involved, therefore a precise description of the flow of 
immiscible fluids in heterogeneous systems is needed. 

Different experimental studies have been reported in the 
literature dealing with lwo-phase flow in stratified media with flow 
parallel to the strata (Ogandjanzanc, 1960; Dasse, 1965; Novosad 
et al., 1984; Sorbie et al., 1984, Ahmed et a!., 1988, Quintard et al., 
1989, Bertin et al., 1990a and b). There are also studies dealing 
with stratified systems with the l ow  being normal to the strata 
(Hinkley and Davis, 1986, Laribi et al., 1990) and only a few studies 
dealing with the IIow of immiscible iluids in nodular systems 
(Alhanai, 1991; Alhanai et al., 1992; Bertin et al., 1992; Dawe et al., 
1992). 

In this paper we will present experimental resulls dealing with 
the drainage and imbibition of different nodular media. The 
theoreticaI interpretation of these experiments, using the large- 
scale averaging concept, have be done elsewhere (Quintard and 
Whitaker, 1988; Alhanai et al., 1992) and will not be developed 
here. 


