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Forces acting on a fluid in a reservoir 

• Capillary forces 

• Viscous forces 

• Gravitational forces 

 



Surface Tension 



Interfacial Tension 



Capillary Pressure  



Capillary Pressure in a Porous Medium  

 

• The curvature of the fluid-fluid interfaces changes with changing saturation. 

This makes the capillary pressure a function of saturation.  

 

• When the wetting phase saturation is small, the interfaces occur in smaller 

pores and are highly curved. This makes PC
 high at low wetting phase 

saturations.  

 

•The capillary pressure at a given saturation is a measure of the smallest pore 

being entered by the nonwetting phase at that point, suggesting the curvature of 

the capillary pressure curve is a function of the pore size distribution. The level 

of the curve is determined by the mean pore size.  

 

• When the wetting phase saturation is high, the interfaces are less curved and 

PC
 is lower.  

 

• PC becomes zero at certain value of the wetting phase saturation. At this point, 

all non-wetting phase is in the form of trapped globules.  



Viscous Force 



 
Dominance of Capillary Forces over Viscous Forces 

 



Capillary Number 
We can define the capillary number as a dimensionless number that relates the 

magnitudes of the capillary and viscous forces. The capillary number allows us 

to understand whether capillary forces dominate at the pore scale. 



Some authors use the Darcy velocity instead of the interstitial velocity  

Some authors use the below relation to account for variations in the contact 

angle.  







Bond Number 



Phase Trapping  
 

• When oil is displaced from a rock, the process is never perfect and a part of the 

oil is left behind in the form of globules or ganglia.  

 

• Developing EOR techniques requires understanding how the trapping occurs 

and how can the trapped oil be mobilized.  

 

• The actual mechanism in real rocks is quite complex and difficult to describe 

mathematically.  

 

• A number of simplified models provide insight into the mechanisms involved.  



Requirement for Phase Trapping 

•Nonzero interfacial tension 

 

•Local heterogeneity 

 

•Poor connectivity 



Residual Saturations 
There is a residual saturation at which the capillary pressure appears to head 

towards infinity or zero. In the case of the wetting phase we often refer to this as 

the immobile saturation. No matter how much pressure we apply, we cannot 

reduce the wetting phase saturation any further (actually this is an 

oversimplification, since what we mean is that we cannot reduce it in any 

reasonable amount of time). 



RESIDUAL OIL SATURATION (Sor) 
For each initial saturation of nonwetting phase, there is a certain residual saturation 

that would remain after flooding with the wetting phase. For example, in Figure 

2.31, if a rock had the initial nonwetting phase saturation represented by point  A, 

then were it to be saturated with wetting phase it would have the residual saturation 

represented by A’.  



•Point B represents the maximum trapped 

nonwetting phase saturation 

• Points A and C have equal capillary 

pressures but on different capillary 

pressure curves. 

• The difference between the x 

coordinates of points A and C is the 

disconnected nonwetting phase 

saturation at point C. 

• The connected nonwetting phase 

configuration is identical in configurations 

A and C; hence the trapped nonwetting 

phase saturation corresponding to an 

initial saturation at point A is the 

difference between the nonwetting phase 

saturation at point B minus the difference 

between the nonwetting phase 

saturations at points C and A (i.e., B – [C 

– A]). 

• This procedure yields one point on the 

IR curve, but the whole curve may be 

traced by picking several points along the 

two Pc curves.  



Residual Non-wetting Phase Saturation 
The residual nonwetting phase saturation occurs because small blobs of 

nonwetting phase become trapped in the pores, and once disconnected from 

each other they can no longer flow. In a sequence of injections of non-wetting 

followed by wetting phase fluids (figure below ) the capillary pressure is 

governed by the connected nonwetting phase saturation. 

For each initial saturation of nonwetting phase, there is a certain residual saturation that would remain after flooding with 

the wetting phase. 



The relationship between the initial and residual nonwetting phase saturation is 

of great importance in determining the effectiveness of oil recovery during  

waterflooding. We can plot initial vs. residual saturation in an IR curve, such as 

below figure. 



C varies from zero (complete trapping) to infinity (no trapping). 

The curve can be characterized using the Land trapping coefficient, C, defined as: 

Where the normalized saturations S* are defined: 

We can also write: 

Land Trapping Model 



Typical IR Nonwetting Phase Saturations Curves 

•where C is positive constant and  a 

function of rock type, porosity  









Non wetting phase blocking 









Conceptual Models for Trapping 

Trapping in Snap-Off Model 

Trapping in Pore Doublet 
We are fundamentally interested in 

trapping of the nonwetting phase. In 

petroleum recovery the nonwetting 

phase is usually the oil, which we 

would earnestly like not to be trapped 

in the ground. 

The forming of the discontinuous blobs 

through a running-ahead wetting phase is 

known as snap off. The consequences of 

snap off is described in more depth below but 

it arises largely because of the difference in 

the sizes between the pore throat and body, 

the larger the disparity, the more the trapping.  



Trapping Mechanisms-Pore Doublet Model 









Pore Doublet Explains 

 

 
•Nonwetting phase trapping 

•Trapping controlled by viscous/capillary ratio 

•Local heterogeneity required 



Water wet 



Oil wet 



Trapping Snap-off Model 





Immobile Wetting Phase Saturation 



(a): At low wetting phase saturation, the pendular 

rings are isolated and do not form a continuous 

water phase except for the very thin film of 

adsorbed water on the solid surfaces, a few tens of 

molecules in thickness. We shall discuss the effect 

of this film at a later stage. Thus, when all the 

water is in the form of pendular rings, no flow is 

possible, as there is no continuous pathway of 

water. Water pressure applied at some point 

cannot be transmitted to other points. 

(c): As water saturation increases, the pendular 

rings expand and coalesce, until continuous water 

phase is formed. Above this critical saturation, the 

'bulk' water forms a continuous phase, and its 

saturation is called funicular; flow of 'bulk' water is 

possible. 

 



Capillary Desaturation Curve 

(CDC) for Pore Doublet 
The CDC relates the amount of trapped nonwetting or wetting phase as a function 

of capillary number. 



Capillary Desaturation Curve 



•In most cases the nonwetting phase has a higher residual (more trapping) than 

the wetting phase. 

 

• Both phases tend to have a critical Capillary number at which the trapped phase 
begins to mobilize. The critical Capillary number for wetting phase is often higher 

than that for nonwetting phase, hence the target for enhanced oil recovery is to 

modify the Capillary number to lie between the two critical values.  

 

•In practice it is difficult to raise either the viscosity or velocity, so the most 

accessible way to increase Capillary number is to reduce the interfacial tension s, 

for example by adding surfactant. 

Critical Capillary Number 



Pore Size Distribution Broadens CDC 



Trapping and Capillary Number 



Trapping and Gravity 



Effect of Wettability on Residual Oil Saturation  



Effect of Wettability on Residual Oil Saturation  


