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Geological 
Complexity
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Representing the pore network
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““““All models are false, but All models are false, but All models are false, but All models are false, but 

some models are useful.some models are useful.some models are useful.some models are useful.””””

- George E P Box
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Fractured Oil and 
Gas Reservoirs
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Fractures
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connectivity at large scale,           
not small

connectivity at small scale,       
not at large
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What is essential in describing 
fractured reservoirs?
1. almost all flow is through network of small-volume fractures; 

almost all the fluids reside a much larger volume of low-
conductivity matrix between fractures

2. fluids in fractures exchange slowly with the matrix; time for 
exchange ~ distance between fractures

3. exchange between matrix and fractures varies in time

4. fractures are themselves 2D porous media, with complex flow 
and storage properties

5. flow is not uniform in the fracture network; even some fractures
are "left out" of the main flow path

6. exchange is not uniform in the matrix; some matrix exchanges 
rapidly; other regions are either far from any fracture or far from 
the fractures conducting flow
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Issues in modeling fractured 
reservoirs
1. what is the average conductivity for the fracture network in a 

given region? How does this vary from region to region?

2. how does this average relate to the measurable properties of the
fractures (length distribution, aperture distribution, orientation 
distribution, clustering properties…?)

3. what is the average distance between fractures in a given 
region?  How does this vary from region to region?

4. what is the correct mathematical form to represent the matrix-
fracture exchange process? how much historical information 
needs to be saved to represent this exchange accurately?

5. is it essential to represent the variability of fracture participation 
in the flow?  the variability of accessibility of matrix to fractures?

6. is this complexity essential, or of a second-order importance?
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Gravity 
Segregation in 
Improved Oil 
Recovery
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Gravity segregation in gas IOR
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Analytical model for gravity 
segregation

• Ignores

• geological complexity

• details of flow properties of gas and liquids

• presence of oil

• Prediction:  what matters most is pressure drop across 
front where gas displaces liquid
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Analytical model for gravity 
segregation
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Analytical model: injection 
pressure is important

20 bar 100 bar
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Analytical model for gravity 
segregation

• Sometimes simple models don’t tell the whole story …
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Foam in Improved Oil 
Recovery
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Foam: an 
example of 
complexity
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  ⊇⊇⊇⊇      ⊇⊇⊇⊇    

Relation between factors controlling 
foam properties
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  ⊇⊇⊇⊇      ⊇⊇⊇⊇    

Relation between factors controlling 
foam properties
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Yield stress of foam in porous media

• Model:
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Complex bubble shapes in 3D
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Results

• Whether jump appears depends on 
pore shape

• Jump disappears at high velocity

• How jump disappears depends on 
pore shape

a

b c d

e

f
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  ⊇⊇⊇⊇      ⊇⊇⊇⊇    

Relation between factors controlling 
foam properties
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Foam: an 
example of 
simplicity
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Foam’s two regimes: 
inherently complex, or simple?



48

  ⊇⊇⊇⊇      ⊇⊇⊇⊇    

Only two properties control the two 
foam regimes
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Data Model Fit
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““““All models are false, but All models are false, but All models are false, but All models are false, but 

some models are useful.some models are useful.some models are useful.some models are useful.””””
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