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1. Connectivity and Geology

2. Persistent homology applications

 Microstructure of Rocks

 Seismic signals

3. Future direction and collaborations
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Representative elementary volume

REV
scale

We may now define a porous medium as a portion of space occupied by a 
number of phases, at least one of which is a solid, for which an REV can be 
found (Bear, 1972).



6

Pore-scale representation

(from Chen et al., 2013)

Geometric simplification

Keep geometric complexity, but 
intractable at large scales

Need for consistency in treatment of pore 
structure for: poroelasticity, plastic deformation, 
fracture propagation, single and multiphase fluid 
flow, dynamic elastic wave propagation
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Now for persistent homology 
and rocks

1 mm

What is the core-scale 
connectivity of 
macropores and clay-
associated micropores?
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Backscatter X-Ray CT Image

Macro-pores, 5.5 % porosity

Clay-filled pores, 22.4% porosity
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Average Persistence Value Curve

Starting with a clean sandstone

Histogram of grayscale values
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More difficult sample

Average Persistence Value Curve

Histogram of grayscale values
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Persistent homology and seismic data
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Backup slides



Processes for our macroscopic continuum-level 
description of flow & transport

• Advection
• Hydrodynamic dispersion (molecular diffusion and 

mechanical dispersion)
• Chemical reactions (e.g., sorption, decay of a solute)

What is advection? 
How is advection quantified?
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1D advection equation



Mechanical dispersion - spreading
Heterogeneities at multiple scales create variance in the average linear 
velocity –
This results in an indirect transport process called mechanical dispersion
Mechanical dispersion acts to disperse chemical mass in groundwater, like 
molecular diffusion

Mechanical dispersion depends 
on
• Advection to operate
• Dominates at higher velocities
• Rate coefficient is generally 

treated as a second-order 
tensor

Combined effects of 
mechanical dispersion and 
molecular diffusion is called 
hydrodynamic dispersion
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