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Module 3.a 
Fundamental of Two Phase Flow in Porous Media 

1-D Immiscible Displacement 





THE FRACTIONAL FLOW EQUATION 

In this lecture oil displacement will be assumed to take place under the so-

called diffuse flow condition. This means that fluid saturations at any point in 

the linear displacement path are uniformly distributed with respect to 

thickness. The sole reason for making this assumption is that it permits the 

displacement to be described, mathematically, in one dimension and this 

provides the simplest possible model of the displacement process. 







For displacement in a horizontal reservoir (sin θ  = 0), and neglecting, for the 

moment, the capillary pressure gradient, the fractional flow equation is reduced to 

Relative permeability end-points 



BUCKLEY-LEVERETT ONE 

DIMENSIONAL DISPLACEMENT 



3rd term in R.H.S OF Eq. 10.15 



L.H.S OF Eq. 10.15 

This is the equation of Buckley-Leverett which implies that, for a constant rate of 

water injection (qt = qi), the velocity of a plane of constant water saturation is 

directly proportional to the derivative of the fractional flow equation evaluated for 

that saturation. 



Integrating for the total time since the start of injection gives 

Wi : the cumulative water injected 

Therefore, at a given time after the start of injection (Wi = constant) the position 

of different water saturation planes can be plotted, using eq. (10.20), merely by 

determining the slope of the fractional flow curve for the particular value of each 

saturation. 







There is a mathematical difficulty encountered in applying this technique which 

can be appreciated by considering the typical fractional flow curve shown in fig. 

10.9 in conjunction with eq. (10.20). Since there is frequently a point of inflexion 

in the fractional flow curve then the plot of dfw/dSw versus Sw will have a 

maximum point, as shown in fig. 10.11 (a). 

Fig. 10.11 (a) 



Using eq. (10.20) to plot the saturation distribution at a particular time will 

therefore result in the solid line shown in fig. 10.11(b). This bulbous saturation 

profile is physically impossible since it indicates that multiple water saturations 

can co-exist at a given point in the reservoir.  

Fig. 10.11 (b) 



•Behind the front in the saturation range Swf < Sw < 1−Sor   where Swf is the 

shock front saturation, equs. (10.19) and (10.20) can be applied to determine 

the water saturation velocity and position. Furthermore, in this saturation range 

the capillary pressure gradient is usually negligible and the fractional flow 

equation to be used in equs. (10.19) and (10.20) is simply: 

For a horizontal reservoir 

For a dipping reservoir 



•To draw the correct water saturation profile using the Buckley- Leverett 

technique requires the determination of the vertical dashed line, shown in fig. 

10.11(b), such that the shaded areas A and B are equal. The dashed line then 

represents the shock front saturation discontinuity. 

Fig. 10.11 (b) 

As a consequence of the conservation of mass the location of the discontinuity 

must be fixed in a way so that the areas on both sides of the discontinuity are equal 

in size. 



•A more elegant method of achieving the same result was presented by Welge in 

1952, This consists of integrating the saturation distribution over the distance from 

the injection point to the front, thus obtaining the average water saturation behind 

the front        ,    as shown in fig. 10.12. 





















OIL RECOVERY CALCULATIONS 

























Influence of the Capillary Force 



Low velocity 

High velocity 





An important parameter in determining the effectiveness of a waterflood is the 

end point mobility ratio. 

Effect of End-Point Mobility Ratio 



•For horizontal flow, stable, piston-like displacement will occur for M ≤ 1 

 

•The more significant parameter for characterizing the stability of Buckley 

Leverett displacement is the shock front mobility ratio, Ms,  

•If this condition is not satisfied there will be severe viscous channelling of 

water through the oil and breakthrough will occur even earlier than predicted 

using the Welge technique. 



Values of M and Ms for the three cases defined in exercise 10.1 are listed in 

table 10.3(a). Using these data 





DISPLACEMENT UNDER SEGREGATED 

FLOW CONDITIONS 

Previously, a one dimensional displacement theory was presented 

which relied on the assumption of diffuse flow. Now, precisely the opposite will be 

assumed, namely, that displacement occurs under the segregated flow condition 

shown in fig.10.18. 

No capillary transition zone 





Assignment No. 3.a: 

 

Determination of relative permeability from unsteady-state experiments 

1. JBN Method 

2. Jones and Roszelle Method  

 

Your report should include both of the theory (derivation) and experimental 

procedure 


