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Outline

Reasons for Capillary Pressure/Petrophysical

Modeling: 
• Combine lab measurements of capillary pressure components with 

petrophysics, to gain insight into saturation/height functions, 

porosity/permeability relations as a function of CP-defined rock quality, 

and profiles of relative and effective permeabilities to the saturating 

fluids



Outline

Requirements:
• Representative measurements on a variety of samples, covering the 

range of rocks present – low to high porosity, low to high permeability.  

A minimum of about 10 samples is required, and the more available the 

better.  

• A reliable petrophysical log suite, preferably with more than one 

porosity log. 

• If interpretations are to include relative permeability analyses, a set of 

representative relative permeability curves, or a reasonable “average” 

relative permeability curves representative of the reservoir.  

• Run a standard petrophysical analysis, to define profiles of porosity and 

water saturation



Outline

Applications:
• Calculate saturation/height functions on wells within the reservior.  

Once the model is established, it can be run on wells that have not been 

cored. 

• Identify hydrocarbon/water contacts, even if below the T.D. of the well

• Identify locations of transition zones

• Quantify changing rock quality, as defined by porosity/permeability 

relations

• Calculate permeability, using specific porosity/permeability transforms 

identified through definition of rock quality

• Calculate relative and effective permeabilities by comparing actual Sw

with theoretical Swi

• Identify reservoir packages in hydraulic continuity



Basic Concepts

Six elements of CP 

curve: Pce, Hyp 1, 

Swmc, Pcmc, Hyp 2, 

Swi

Example capillary 

pressure curve from 

MWX-1 plotted in the 

standard way –

capillary pressure vs. 

water saturation. 

Plot of reciprocal 

capillary pressure to 

show how the 

elements of a 

capillary pressure 

curve are chosen. Porosity vs. permeability 

cross-plots for MWX-1 

showing distinction of 

“rock types”. 

Slope: 3 decades of 

permeability per 10% 

porosity empirical 

choice 



Basic Concepts

Schematic diagram showing comparisons 

between capillary pressure curve elements 

and porosity for a series of capillary 

pressure curves. 

High Slope

Low Slope

Schematic of the capillary pressure/petrophysical model. 
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Data Processing for Reservoir CP Modeling

Curve fitting raw Capillary 

Pressure Data. 
Example comparison Example correlation between slopes 

of one of the CP elements vs. porosity, 

and k intercept.  These correlations 

form the basis of the model. 
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Data Presentation Examples – Gas Well
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Permeability outside the “permeability jail” (Shanley, 

Cluff, and Robinson).  Gas wells only.  

Purple indicates where k > keff

Comparison of petrophysical Sw with CP 

model Sw and core Sw

Hour glass shows rock quality

Grey = shale

Red = outside model limits

Fluid categories from CP model

Comparison between CP model permeability and core 

permeability

Effective permeability to hydrocarbons and water.  

Purple indicates where k > k eff
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Por. and Shale
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Data Presentation Examples – Oil Well
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Comparison of petrophysical Sw with CP 

model Sw and core Sw

Hour glass shows rock quality

Grey = shale

Red = outside model limits

Fluid categories from CP model

Comparison between CP model permeability and core 

permeability

Effective permeability to hydrocarbons and water.  

Purple indicates where k > k eff
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Schematic of Oil Accumulations
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Stacked Oil Water Accumulations
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For any one accumulation, the hydrocarbon/water 

contact is chosen to give the best match of theoretical 

saturation with petrophysically-defined saturation.  

This might involve a contact below the T.D. of the 

well, or below the lower boundary of the 

accumulation in the wellbore.  Once the model is 

established, transition zones can be distinguished 

from levels at irreducible water saturation.

.  



Por. and Shale
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Data Presentation – Different CP Curves from 

Different Depths

Capillary pressure 

curves are derived from 

the model, and are 

specific to the 

appropriate depth.  Sw

location at each depth is 

shown on the curves. 
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Example of  Interpretation of an Oil Reservoir 

CP Model

Rocks in the transition zone 

have very low effective 

permeability to oil effective 

permeability to oil,  essentially 

zero at depths below 25 feet 

from the top of transition zone. 
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Both Swi and Sw are known, and 

therefore relative permeability to 

both wetting and non wetting 

phase can be calculated.  

Combined with permeability (from 

rock quality relations) effective 

permeabilities can be derived.  

Essentially 

zero Kro

below this 

point

South American Example
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Example of  Interpretation of an Oil Reservoir 

CP Model

Interpreted accumulations and contacts are illustrated by blue, green, and red vertical bars
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Example of Interpretation of a Tight Gas CP 

Model
Piceance Basin Example

Red vertical bars indicate 

“Permeability Jail”

Good match of CP model 

permeability  with core 

permeability

Very tight sands that do 

not contribute to flow

Core permeability lower 

limit of 0.01 mD

Occasional “high” core 

permeability suggests 

fractures

Permeability “jail” 

(Shanley, Cluff, and 

Robinson) is defined as 

rocks with less than 50 

microdarcies

permeability.  Gas will 

not move from these 

rocks.  

Effective permeability to 

gas is an indicator of 

which levels will 

contribute to recoverable 

reserves.  



Example of Interpretation of a Tight Gas CP 

Model
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Conclusion

• The model logic is entirely deterministic, and incorporates both the 

transition zone as well as levels at irreducible water saturation

• Each reservoir has a different mix of capillary pressure characteristics, 

and requires creation of a reservoir-specific model

• Validity of the model can be checked by observing how well the model 

predicts permeability (by comparing with core permeability)

• Location of hydrocarbon/water contacts can be estimated by iterative 

changes in the picks, until the best match with petrophysical response is 

obtained



Conclusions

• Once a reliable match of theoretical saturation curves with 

petrophysically-defined saturation, a variety of interpretations are 

possible: 

� Identify transition zones and levels of mobile water

� Examine the changing profile of rock quality and permeability with depth

� Determine the profiles of effective permeabilities to both wetting and non 

wetting phases

� Distinguish between levels that are potentially productive, and those that are 

non-productive
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