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Abstract 

A key property of soils and rocks is permeability (k) whose estimation has broad applications to 

various disciplines (e.g., civil, chemical, and petroleum engineering) as well as research areas 

(e.g., site remediation, contaminant migration, and hydrocarbon recover). Here, we mainly focus 

on the estimation of permeability at small scales (from several micrometers to centimeters). 

However, applications to large scales (several kilometers) are also discussed. To estimate k, we 

invoke an upscaling technique from statistical physics called critical path analysis (CPA). Using 

experimental measurements, we demonstrate that if pore-throat size distribution (or moisture 

characteristic curve) and electrical conductivity data are available, one would be able to 

accurately estimate k for a wide range of porous media from homogeneous sand packs to 

heterogeneous tight rocks. By comparison with pore-network simulations, we also show that the 

CPA approach can be successfully used to determine the scale dependence of permeability. 
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