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Bl Examples of multiscale/across-scale pore structures

|
Deep-learning construction of digital

Gas diffusion layers + Micro porous layer rocks of shale matrix

To sum up: Sandstones

L Multiscale pore structures are
ubiquitous

L Associated with different minerals or
materials, which may have complex
wettability

[ Necessitate the hybrid models for
flow and transport
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Il Digital Rock Physics: the image-based modeling

100 X100 X200 image, DNS of

Nubian sandstone
- spontancous imbibition

- (Qinetal., AWR, 2019, 2021, 2025)
Time: 0.000000

900900

DPNM of spontaneous
X2000 oo vLOLSP
) 1mbibition
image
Estalllades Micro-Continuum model ~ Pore-Network-Continuum model Multiscale PNM

T &‘;}Yﬁ;““\‘ A subresolution

: : 304 295 mD 340
Microporosity L - -

https://www.digitalrocksportal.org (Zhang, Guo, Qin, and Xiong, AWR, 2024) (Zhao et al., TiPM, 2025)
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Il The pore-network-continuum model: framework

Interfacial voxels Transition-layer module
outward-coarsening module

40 X 40 pixels 8 X 8 voxels

interface-coarsening module

Volume or volumeless pore throats? Pressure depletion
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Computational mesh

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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Il The pore-network-continuum model: coarsening effect

2003 Berea sandstone

Microporosity filling

Table 1

The details of CG0, CG1, CG2, and CG3 microporosity grids.
Grid type CGO CGl CG2 €G3
MACTOPOreS 468
BxG«B - 1003 40 9%
40404 - 9520 A350 10,577
2x2xl - B(,341 93,009 111,405
2x2x1 - - - 24,945
2x1lx2 10,964
1x2x2 _—___—___-__'H'Eﬂ-l
1x1l=1 | 1,901,511 205,967 602,559 127,363
In total 1,901,979 367,299 704.426 291,862 |
Reduction of grids I-D “'n_ — E’-E%_ _Eﬂiﬁ - _M.Eﬁ |

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.

7/11/2026

macropores: 539,
microporosity: 1922662

D Full-domian(CG 1)
= = = Full-darmian{C G2}
_ 0.3+ Fe o Full-domianiCG)
E 0.6
o
Z04
=
=]
i
0.0 ' ' ' ' /
0.0 0.2 0.4 .6 0.8 1.0

Mormalized time (=)

Gas production curves

macropores: 539,
microporosity: 273176

1.0
-~ IC ——CGO
= - - —RE of CG1
£ 0381 RE of CG2 _
g —-—- RE of CG3
20.6- |
8 :
404 - :
g
z
502
E

0.0 . .

0.001 0.01 0.1

Normmalized time (-)

Breakthrough curves

7

0l

Relative error (%)



Il Absolute permeability of Estaillades carbonate rock

(Wang et al., WRR, 2022)  https://www.digitalrocksportal.org

4003 test core:

Pore-size map

Computational mesh Porosity map

7/11/2026 O Absolute permeability: 160 mD (Exp. 95~283 mD)



Il Quasi-static modeling: verification against the full PNM
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multiscale digital rocks, AWR, 206, 105138, 2025



Il Quasi-static modeling: validated against measurements
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i Randomly distributed pojre sizes
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Il Quasi-static modeling: validated against measurements
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Bl Motivation
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O Fontainebleau sandstone
—— Percolation theory

Porosity (-}

69 clay-free sandstones

Permeability (mD)

Dewhurst et al., 1998; Mesri

Walderhaug et al., 2012

100000
1000
10
0.1
0.00 . '
Eﬂ 0.1 0.2 0.3 04
Porosity (-)

1718 clay-bearing sandstones

Permeability (mD)

m

B

_.
m
1y

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

=]

o

& 40-50

o ol
<

< T0-80

;gjg (C) @?ﬂ v 4
50-60
B0-70

0.4 0.6

Porosity (-)

0.2 0.8

115 clay-rich mudstones

L Porosity (total porosity) itself cannot determine the permeability.

L The development of an empirical equation is of interest.

U The correlation between permeability and formation factor is of interest.

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

7/11/2026

13



Il Digital rocks of clay-bearing sandstones

REV

Two approaches
to numerically
generate digital
rocks
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Il The workftlow

Numerically generated

Darcy flow

PNCM modeling

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% .
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II An empirical m()del Connected macropores dominate flow capacity
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Bl Summary and outlook

pall

] Multiscale/across-scale pore
structures are ubiquitous in
unconventional formations and
industrial porous materials.

 We present the pore-network-
continuum hybrid modeling,

accuracy, and validated against
experimental data.

sandstones.

—

which can balance efficiency and

0 Develop dynamic PNCM

O Extend empirical equations for
two-phase flow parameters

U Develop Al-based construction of
multiscale digital rocks

O Applications in industrial porous
materials

1 We develop an empirical model
for permeability of clay-bearing
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Il {Earth Energy Science) : Open Access and Free _SEES
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Thank you for
your attention!



