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Abstract  A dynamic 3D pore-scale network model is formulated for investigating the effect of in- 
terfacial tension and oil-water viscosity during chemical flooding. The model takes into account 
both viscous and capillary forces in analyzing the impact of chemical properties on flow behavior or 
displacement configuration, while the static model with conventional invasion percolation algorithn~ 
incorporates the capillary pressure only. From comparisons of simulation results from these models, it 
indicates that the static pore scale network model can be used successfully when the capillary number 
is low. With the capillary increases due to the enhancement of water viscosity or decrease of interracial 
tension, only the quasi-static and dynamic model can give insight into the displacement mechanisms 
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I N T R O D U C T I O N  

A pore scale network model as a computer stochastic-simulating technology in reservoir physics is 
attractive when it is required to simulate actual laboratory experiments. Although static and quasi- 
static network models have been used to describe a wide range of phenomena (e.g. capillary pressure 
characteristics, relative permeability curves et al), the dynamic network model is of important signif- 
icance in currently Enhanced Oil Recovery (EOR) processes which is characterized by low interracial 
tension (IFT) and comparatively high capillary number. 
Dahel and Celia[i], JI-YOUN ARNS[2], Blunt and King[3], Fatt[4], Koplick and Lasseter[5], and 
Morrow[6] carried out a lot of correlative study on different characteristics of network model. The 
present work compares the results of the 3D dynamic network models, the static models and the 
quasi-static models. The capillary pressure curves and the relative permeability curves are obtained 
for three kinds of models. From comparisons of simulation results from these models, it indicates that 
the static pore scale network models can be used successfully when the capillary number is low. With 
the capillary increases due to the enhancement of water viscosity or decrease of interracial tension, only 
the quasi-static and dynamic models can give insight into the displacement mechanisms. Although the 
computational is complex, it is shown that only the 3D dynamic network model can give a description 
of the interface movement occurs in capillary ducts, which had pronounced significance for chemical 
flooding. 

THE 3D P O R E  SCALE N E T W O R K  MODEL 

A 3D pore scale network model with two kinds of cubic lattices was constructed (Figure 1) to represent 
low and high connectivity correspondingly, as show in Figure 1. The radii of the pore throats and 
the nodes are randomly distributed according to the mercury injection data from real core samples 
(Figure 2). 
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Figure 1: Model Construction 

Figure 2: Pore throat radii distribution: truncated log-normal distribution 

For a pore scale network model, both static and dynamic, the flow in the tube is governed by the 
Stokes' equation. For a single fluid, the volumetric flux is described by the following equation 

2 

riJ APij  (1) 
qij = 8~ i jL i  j 

In which i and j stand for pore i and adjacent pore j,  respectively. The volumetric flux at an interface 
is described as follows: 

2 

~J (/xv~j - Pc) (2) 
qiy = 8#i jLi j  

where Pc is the capillary pressure, #ij  is a variable of time. 
Because the fluids are incompressible, the conservation of mass can be expressed in terms of integral 

of the volume flowing through the node i in each time step 

E Q~j = o (3) 
j~Ni 

The static network model is based on invasion percolation: in drainage process the biggest throats are 
invaded first while in imbibing process the smallest throats are invaded first. Therefore, the capillary 
pressure governs the flow, while the viscous force is negligible. For the dynamic and quasi-static 
network models, the invasion percolation was governed by the competition of capillary force and 
viscous force. The interfaces are assumed to pass through the throats instantaneously in quasi-static 
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model, while for dynamic model the position and movement of the interface was updated gradually 
with the percolation process. 
One throat is allowed to be invaded once. The volumetric flux for a single fluid is the same as that~ 
of the dynamic models. However, when there will be an interface, the average viscous coefficient is 
adopted instead of the viscous coefficient changing with time. 

R E U L T S  A N D  D I S C U S S I O N S  

Simulations are carried out with a network of size 8 x 8 x 8. Initially the network is completely 
saturated with wetting fluid, another non-wetting phase were injected at inlet and the opposite sid(,, 
as outlet. 

Capillary number (Arc) is defined as a dimensionless group representing the ratio of viscous t(, 
interracial forces affecting the flow of fluid in porous media, as applied to water displacement of oil. 

N~ : #~u~ (41) r 

For static model, percolation process was governed by capillary pressure only, so the effect of capillary 
number can not be simulated. The relative permeability curve is obtained (Figure 3). 

Figure 3: Relative permeability curve from static model 

Quasi static and dynamic models relax the constraint that the capillary number be small. In theses 
two types model, the influence of viscous forces is modeled through an explicit computation of the 
pressure field in the network. For quasi static model, invasion percolation occurred instantaneously. 
Figure 4 gives the relations of the relative permeability of the quasi-static model with the IFT of 7.2 
mN/m and 1.0x10 -2 mN/m. It is shown that the saturation at the intersection for the low IFT is 
greater than that of the high one and the height at the intersection is a little greater, which indicates 
that the relative permeability of the invasion phase will be greater when the IFT decreases. 
Figure 5 gives the relations of the relative permeability of the dynamic model with the IFT of 7.2 
mN/m and 1.0x10 -2 mN/m. It is shown that both the water and oil relative permeability changed 
greatly. 

Figure 4: Relative permeability from quasi-static model 
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Figure 5: Relative permeability from dynamic model 

It should be emphasized that this paper does not attempt to give some understanding of IFT effect 
on permeability or to validate the dynamic model with reproduced experimental results. Instead, this 
work only intends to give some comparisons among these models. 

CONCLUSION 

In the paper, it is shown that when dealing with low capillary numbers, static models, quasi-static 
models and dynamic models are all capable of simulating relative permeability curves. However, at 
high capillary number, only the quasi static and dynamic network model can mimic the effect of low 
interracial tension. 
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