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ARTICLE INFO ABSTRACT

Asticle history: Spontaneous imbibition controls many processes of practical importance. The subject is undergoing
Reccived 14 January 2013 rapid growth in terms of the number of publications. This paper is a selective review of the literature
Accepted 2 August 2013 which concentrates on the last ten years or so but also highlights, as necessary, earlier work. Insight into
Available online 24 August 2013 the mechanism of spontaneous imbibition is provided through consideration of the behavior of strongly
Keywords: wetted uniform tubes of any cross-section. The significance of cross-flow on the mechanism of advance of
spontaneous imbibition interfares in tuhec ic related tnimbihitinn in moch more fominles nore cnares NDietaile nf the marhanicm nf

Spontaneous imbibition is
the process by which a
wetting fluid is drawn into
a porous medium by
capillary action (Morrow
and Mason, 2001).
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Dudukovic et al.,Nature,2021

Cheng, et al., 2018, Energy & Fuels 3
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EHITE:
z - p] a = {n,w}
pt =t =pf(s!") st+st =1
ZALERB LR BT

O Assimple as possible;
O To be image-based,;

O Tackle mixed-wettability.

Key local rule of the competition between AMs
and MTM filling (Ma et al., 1996; Mason and
Morrow, 1991):

Q Flag a pore of MTM or AMs;
O Consider snap-off and topological entrapment;
Q Switch from AMs to MTM;

O Set a pre-wetting film in a dry pore.
10/12/2025

Pore throat

G=0.0387, 6=60" G=0.0625, =20 G=0.0796, 6=0

(Qin and van Brummelen, AWR, 2019)
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(Qin et al., AWR, 2021)
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(Wang et al., AWR, 2025)
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The MATLAB Reservoir Simulation Toolbox (MRST) is a free open-source software for reservoir modelling and simulation, developed primarily by the Applied Computational
Science group in the Department of Mathematics and Cybernetics at SINTEF Digital. The software has a large international user base and also includes third-party modules
developed by researchers from Heriot-Watt University, NTNU, University of Bergen, NORCE, TNO, Louisiana State University, TU Delft and others.
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OPEN POROUS MEDIA

The Open Porous Media (OPM) initiative encourages open
innovation and reproducible (,_;C(l(h or modeling and
simulation of porous media processes.
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L Our dynamic pore-network model of Sl is predictive;

The crucial uncertainty arises from the determination of
effective contact angles;

dDynamics causes the deviation of capillary pressure and relative
permeability away from their quasi-static counterparts.

dWe are formulating non-equilibrium relative permeability and
capillary pressure, to bridge the gas between pore-scale and
Darcy-scale Sl.

dWe need an implicit scheme for modeling low capillary number
and unfavorable imbibition processes (ongoing);

L Further lab experiments are needed to determine effective
contact angles for the pore-network modeling.
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Lab data: sample information

Core
label

NS1
NS2
NL1
NL2

TL3

TL4

TLS
TS1
TS2
TS3
TS4
TS5
us1
uS2
us3
us5

ULl

uL2

Diameter Length
(mm) (mm)
25.2 45.5
25.1 45.1
25.1 81.6
25.2 82.4
24.9 100.2
24.8 100.1
24.9 100.3
24.9 49.8
24.7 49.8
25 50
24.9 49.7
24.9 50
24.9 49.7
25 49.8
24.9 49.6
24.9 49.8
24.7 100.1
2’]@12/2025100_1

Weight of
core®y

(8)

45.715
45.598
79.397

79.413

95.368
94.847

95.533
47.404
47.049
47.51

47.169
47.199
50.284
50.338
49.906
50.117

100.298

100.453

Weight of
core’!

(8)

49.367
49.219
85.795

86.116

102.731
101.991

102.863
51.174
50.697
51.285
50.858
50.876
53.523
53.559
53.104
53.336

106.819

107.058

Imbibed

(8)

3.652
3.621
6.398

6.703

7.363
7.144

7.330
3.770
3.648
3.775
3.689
3.677
3.239
3.221
3.198
3.219

6.521

6.605

Weight of
water weight core

sat
(g)
50.978
50.831
88.637

89.061

106.484
105.645

106.574
53.085
52.550
53.198
52.731
52.743
55.171
55.175
54.741
54.977

110.119

110.416

Saturated

water weight saturation

(8)

5.263
5.233
9.240

9.648

11.116
10.798

11.041
5.681
5.501
5.688
5.562
5.544
4.887
4.855
4.835
4.860

9.821

9.963

Water

after SI

0.6939
0.6920
0.6924

0.6948

0.6624

0.6616

0.6639
0.6636
0.6632
0.6637
0.6633
0.6632
0.6628
0.6634
0.6614
0.6623

0.6640

0.6630

Porosity

0.2320
0.2346
0.2290

0.2349

0.2279

0.2234

0.2262
0.2344
0.2306
0.2319
0.2299
0.2278
0.2020
0.2020
0.2003
0.2005

0.2049

0.2045
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ab data: Geometrical and physical parameters used in the case studies

Digital core samples| N [ LR TR

MCT data In the validation, we
Number of voxels in X, Y, and Z directions 900x900x900 Checked the core
Voxel resolution (um) 4 3 2 -y
ermeability.

Pore network information p y
Number of pores / pore throats 9913/20455 9091/17863 8750/ 16955
Numbers of inlet/ outlet pores 304/ 285 256/ 238 272/ 263
Volume averaged mean pore size (um) 31 23 12
Porosity (excluding isolated pores) 0.2056 0.2023 0.1482
Porosity (including isolated pores) 0.2058 0.2031 0.1506
Porosity by MIP 0.2127 0.2271 0.2084
Intrinsic permeability by the pore-network model (md) 5635 2212 212

X 7152 2183 184

Permeability by Avizo software (md)
in X, Y, and Z directions y 6287 2208 186
within a 600-voxel cubic

z 5945 2173 178
physical parameters in the modeling
surface tension at 21 °C (N/m) 0.073
water/ air dynamic viscosity (Pa s) 1.0x10°/ 1.83x10°
Inlet/ outlet reservoir pressure (Pa) 0/0

pre—%yﬁjﬁ/fﬂmpillary pressure (Pa) 1.0x107° 32



Lab data: residual saturations

0.74008 0.62001 0.50000 0.31777
0.69
Log 70° 0.70000 0.62005 0.56000 0.44271

0.70016 0.58007 0.48003 0.33842
0.66
Log 70° 0.68005 0.58004 0.54000 0.42599

Upper Berea “ Dy (v 55.9) Dy (v 1) Dy (v 0.1) “
0.72008 0.60001 0.48006 0.38326
0.66

0.68000 0.58006 0.54000 0.44923

Log 70°
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1. #F&0 (digital rocks)

MK CT/FIB-
SEM/MAPS
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2. FLERMZHER! (pore-network model)

(a) Estaillades_ v

(c) Mount Gambier

(b) Ketton

FLERMIZZ 1R EX

(a) Estaillades

(b) Ketton

Tzh 515

Q RSP . B
Q IR Bk
Q SN sl 54k

Q AR ERAA RS

Q F R EME. Dl
Q...000
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2. FLBEMIZEEAL (pore-networ

+H

Advances in Water Resources 51 (2013) 197-216

"
ELSEVIER

Advances in Water Resources

journal homepage: www.elsevier.com/locate/advwatres

Contents lists available at SciVerse ScienceDirect

~
7 &
~

Pore-scale imaging and modelling

Martin J. Blunt®*, Branko Bijeljic?, Hu Dong®, Oussama Gharbi?, Stefan Iglauer¢, Peyman Mostaghimi®?,

Adriana Paluszny?, Christopher Pentland *

* Deparement of Earth Science and Engineering, Imperial College, London SW7 2AZ, UK

"iRock Technologies, Suite 1103, Tower A, Oriental Media Center, No. 4 Guanghua Road, Chaoyang District, Beijing 100026, China

€ Department of Petroleum Engineering, Curtin University, 6151 Perth, Australia

-

it is difficult to resolve thin wetting layers that control many pro-
cesses in two and three-phase flow [1,7,8]; this limitation is dis-
cussed further at the end of the paper. In the literature to date,
the most computationally efficient and successful predictions of
multiphase flow come from network modelling, described below.

(a) Estaillades _ v

(b) Ketton

(c) Mount Gambier.

FLERMIZZ 1R EX

(a) Estaillades (b) Ketton
T

Tzh 515

Q RSP . B
Q IR Bk
Q SN sl 54k

Q AR ERAA RS

Q F R EME. Dl

Q

[e] o [e] o [e] o
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5. ZREBH (multiscale)

> LRSI ZRE: LEAHERRE
S8, WUUa . IR E A AR 1
= S5AES R R A .

> BRI RE: 418l 12
(MD) . HZHEH. (DNSH
micro)  fLERMZEEHL (PNM) | JE4E
A FRAEA, (dnDarcy) , PPDELEZ MRS
RS,

> WEMBEHZRE: WHIEMNMERER,
fit 2 ] R i multiscale modeling

10/12/2025

Los} HCT resolution

]
o4t

3
Eo02

10° 102 10" 10° 10' 10?
Pore Throat Radius [microns]

(Menke et al., 2022)

C b Refine

(Klemetsdal et al., 2021, SPE J)
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H RIBWBME AL, 100X 100X 200 &
%

(Qinetal., AWR, 2021)
) ie:0.0000 .

900 X900 1y s vy = A< 71 B2 1Y

X2000 g iy
image

Digital rock core

O — T B/ o 452 Y (Koch et al., TiPM, 2021)
DNS

Estallladesﬁiﬁz‘é A

Dual PNM

subresolution

100000

200002

Macropore

5000402

304 mD 295 mD 340 mD
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tHELALBE LS L RS, SEIESRIZ E A IR REIRB AT LAB it
BFARMAKX (EDHHERE)  FEFRFAXERRNSHIAREHRR.

FURHVE & R TN X B

_ — ) _ ] Sample Dual- PNM- Reference
&' oy ey & Gt ol AR (O | o number PNM continuum | model (mD)
w & e - " mD mD
gy~ ‘ e ‘Sl |

ES3.1 109 116 117
34 37

| ES36 |
| ES65 L 18 18
ES6.5 12 128 174
(Heterogene
it

— Dual PNM

—— Hybrid model

— 5 regions dual PNM
A Drainage experiment

B 7l &I
BT PRMR A sl TR R ) T S5 B T B R A oz os gs o8 1o
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LR T EBEIRIIEES
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IR
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N e E
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