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Drainage: Fluid flow processes in which the saturation of non-wetting phase 

increases.

Imbibition: Fluid flow processes in which the saturation of wetting phase 

increases.
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Role of Capillary pressure in Petroleum

Industry
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Pore geometry control on capillary pressure
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• Capillary pressure at juncture between converging-uniform channel
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• Converging section:
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• Diverging section:

• Capillary pressure converging-diverging channel

𝑝𝑐 =
2𝜎cos(𝜃)

𝑟
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Analytical Pore Network Approach (APNA)

Capillary Pressure Measurement 

Experiments

Porous Plate 
Method

Mercury 
Injection.

Centrifuge 
Techniques 

Analytical Pore 
Network Approach

Pore Network 
Modelling 

Digital Rock Physics

• Experimental methodologies are subject to practical limitations

• Pore Network modelling technique is computationally expensive and complicated tor run.

• We introduce a novel method to predict capillary pressure-saturation relationships for porous 

media called Analytical Pore-Network Approach (APNA). (US 62/741,847)

• APNA is faster and more accurate than Pore Network Modelling Approach
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APNA model
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APNA Conventional Pore Network Modelling 

Approach 

Very fast Computationally expensive 

Accuracy depends upon input data (very 

few input properties required)

Accuracy depends upon pore-scale images 

as well as numerical stability of algorithm

Not limited to sample size Limited to smaller samples

Trivial to implement Require complex coding
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Dynamic coupling of APNA and reservoir model

IC 

(reservoir)

Start

Update reservoir BCs 

for tres

IMPES solver 

(update Pres Sres)

Compute upstream 

phase flowrates
Run APNA model

Compute dynamic Pc

tres = tres + ∆t 

BC

Reservoir Model APNA
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Digital Rock Physics Gadget
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Conclusion

• A novel method to predict capillary pressure-saturation relationships for porous 

media called Analytical Pore-Network Approach (APNA) is presented. (US 

62/741,847)

• APNA is fully coupled analytical model is derived from the pore-scale physics.

• APNA is faster and more accurate than Pore Network Modelling Approach.

• APNA allows dynamic coupling of pore-scale and reservoir model

• APNA allows integration of digital rock physics work flow into a portable device. 



PETROLEUM ENGINEERING PROGRAM

Acknowledgements


