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sandstones (applications) 

4. Summary and outlook



Examples of multiscale/across-scale pore structures
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Gas diffusion layers + Micro porous layer

MPLGDL

Deep-learning construction of digital 
rocks of shale matrix

Sandstones

Zoom in

To sum up:
Multiscale pore structures are 
ubiquitous
Associated with different minerals or 
materials, which may have complex 
wettability
Necessitate the hybrid models for 
flow and transport



Digital Rock Physics: the image-based modeling
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Multiscale PNMPore-Network-Continuum modelMicro-Continuum model

(Zhao et al., TiPM, 2025)https://www.digitalrocksportal.org
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The pore-network-continuum model: framework
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Transition-layer module

microporosity

solid

40 40 pixels

Interfacial voxels outward-coarsening module

interface-coarsening module8 8 voxels

Computational mesh

Volume or volumeless pore throats? Pressure depletion

Shi et al., Modeling of flow and transport in multiscale digital rocks aided by grid coarsening of 
microporous domains, Journal of Hydrology 633 (2024) 131003.
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The pore-network-continuum model: coarsening effect
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Shi et al., Modeling of flow and transport in multiscale digital rocks aided by grid coarsening of 
microporous domains, Journal of Hydrology 633 (2024) 131003. 7

2003 Berea sandstone Microporosity filling macropores: 539
microporosity: 273176

macropores: 539
microporosity: 1922662

Gas production curves Breakthrough curves



Absolute permeability of Estaillades carbonate rock
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Porosity map Entry pressure mapCT grey-scale map

Solid
Microporosity

6.5 μm, 1316 1316 1087 voxels

(Wang et al., WRR, 2022) 4003 test core

Computational mesh Porosity map Pore-size map

Absolute permeability: 160 mD (Exp. 95~283 mD)

https://www.digitalrocksportal.org



Quasi-static modeling: verification against the full PNM
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Shi et al., The pore-network-continuum modeling of two-phase flow properties for 
multiscale digital rocks, AWR, 206, 105138, 2025

Match well

Capillary pressure and relative permeability



Quasi-static modeling: validated against measurements
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Randomly distributed pore sizes 
in microporosity
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Quasi-static modeling: validated against measurements
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Early flow 
pathways of the 
nonwetting

The cross-point is well predicted
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Motivation
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André Revil et al., 2014 Walderhaug et al., 2012

Dewhurst et al., 1998; Mesri 
and Olson, 1971; Nagaraj et 
al., 1996; Yang and Aplin, 
2007; 2010

1718 clay-bearing sandstones 115 clay-rich mudstones 69 clay-free sandstones 

Clay content

Porosity (total porosity) itself cannot determine the permeability.

The development of an empirical equation is of interest.

The correlation between permeability and formation factor is of interest. 

Construction of digital rocks + the pore-network-continuum modeling



Digital rocks of clay-bearing sandstones

7/11/2026 14

Two approaches 
to numerically 
generate digital 
rocks

Both can capture 
the change of 
permeability as 
clay content and 
total porosity.



The workflow
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PNCM modeling

Numerically generated 

Computational mesh

A dataset of 92 digital rocks is generated, which covers clay contents ranging from 

10% to 70% and total porosities from 12% to 56.3% .



An empirical model 
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= +

Neglect clays

Connected macropores dominate flow capacity 

Clay content and its distribution 
determine permeability

k mD =2.37×106 t c 4.34+49.76 c 0.4 1.81
k mD =2.4×106 t c 4.35+50 c 0.4 1.74

95% confidence interval narrowly 
bounded within a factor of 1.58

72 limestone samples 
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Summary and outlook
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Multiscale/across-scale pore 
structures are ubiquitous in 
unconventional formations and 
industrial porous materials.
We present the pore-network-
continuum hybrid modeling, 
which can balance efficiency and 
accuracy, and validated against 
experimental data.
We develop an empirical model 
for permeability of clay-bearing 
sandstones.  

Develop dynamic PNCM
Extend empirical equations for 
two-phase flow parameters
Develop AI-based construction of 
multiscale digital rocks
Applications in industrial porous 
materials

MAPS
850 850 1000 1000 1000 1000 1000

SliceGAN



Earth Energy Science : Open Access and Free

19

EEarthh EEEnergyy SSScience
Emerging journal that serves the national "dual-carbon" strategy and
pays special attention to the frontier research of earth energy

Editor-in-Chief Associate Editors

Ranjith P. G. Derek Elsworth Baisheng Nie Zhaolong Ge Michael Hood Ting Ren Majid Hassanizadeh Jeffrey Gu Yujing JiangYiyu Lu

Journal Focus: Green mining technology and mineral 
processing, energy and resource engineering geomechanics, 
underground energy storage, oil and gas exploration and 
development, geothermal energy development and utilization, 
CCUS and other related fields.

Journal features:

Global OA publishing, free of APC
Key journal promoted by KeAi press
ScienceDirect (Elsevier) spread platform
Editorial Manager submission system

Journal progress (2023.12-2026.3)
It has been included in Scopus, Ei, DOAJ, CAS, 
INSPEC and OARL databases, and EI collections are 
under review.
The editorial board and young editorial team composed 
of renowned scholars from both domestic and 
international backgrounds have been established.
6 issues (39 articles) have been published, and the 
journal is published quarterly.
The first International Conference on earth energy 
science was successfully held in 2023, and the second 
conference was successfully held in November 2025.
It was selected as the high starting point new journal of 
the excellent action plan of Chinese Sci tech journals in 
2024.



TThank you for 
your attention!


