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FOROUGHI, SAJJAD, et al. "Incorporation of Sub-Resolution Porosity into Two-
Phase Flow Models with a Multiscale Pore Network." Authorea Preprints (2023).

Qin, Xiangjie, et al. "Modeling of multiphase flow in low permeability porous media:
Effect of wettability and pore structure properties." Journal of Rock Mechanics and
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effects on the viscosity and thermal behaviour of an asphaltenic crude oil." Chemical

Razavifar, M. and J. Qajar (2020). "Experimental investigation of the ultrasonic wave
Engineering and Processing-Process Intensification 153: 10796
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Razavifar, M. and J. Qajar (2022). "Synergistic effects of ultrasonic irradiation and a-
Fe203 nanoparticles on the viscosity and thermal properties of an asphaltenic crude oil
and their application to in-situ combustion EOR." Ultrasonics 120: 106655.

Qajar, J., M. Razavifar and M. Riazi (2024). "A mechanistic study of the synergistic and
counter effects of ultrasonic and solvent treatment on the rheology and asphaltene
structure of heavy crude oil." Chemical Engineering and Processing-Process
Intensification 195: 109619.

Razavifar, M., J. Qajar and M. Riazi (2022). "Experimental study on pore-scale
mechanisms of ultrasonic-assisted heavy oil recovery with solvent effects." Journal of
Petroleum Science and Engineering 214: 110553.
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Numerical simulations and experimental study of saturated/superheated
steam injection into unsaturated zone of soil

Taraneh Janfada, Norollah Kasiri *! Holger Class”

Abstract: In this research, two- and three-dimensional simulation of saturated and
supersaturated steam injection process in the unsaturated zone of soil is carried out using
some simplified assumptions via DuMuX Simulator. The simulator is developed in the
Department of Hydromechanics and Modeling of Hydrosystems (LH32), Institute for
Modeling Hydraulic and Environmental Systems (IWS), Stuttgart University, for Multi-
{Phase, Component, Scale, Physics, ...} flow and transport in porous media. The main
objective of the study is observation and comparing the progress of the saturated temperature
front and the supersaturated temperature front during the process of injecting saturated and
supersaturated steam in the unsaturated zone of the soil. Moreover, some experiments are
performed for supersaturated and saturated steam injection in the unsaturated zone of soil
using the available sand box of Research Facility for Subsurface Remediation, VEGAS,
Stuttgart University. Particular purpose of this part of study is evaluation of the heat-up
efficiencies of supersaturated steam as opposed to saturated steam. Based on the experimental
conditions, values of the local heat-up efficiency are calculated over time concerning the
heat-up of defined points in the sandbox. The acquired values are 14.3% and 6.3% for mass
based calculated local heat-up efficiency and energy based calculated local heat-up
efficiency, respectively.
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Effect of Salinity on Foam Flow Behavior for Conformance
Control in Gas-Based Injection Processes: A Micro-scale
Study

LAmirhossein Molaei , *Mohammad Simjoo, *Matin Shahin

Abstract:

Foam injection is an effective technique for enhancing the performance of gas-based
processes in porous media. However, brine salinity is one of the factors that can
significantly impact foam performance for subsurface applications. This study
investigates the flow performance of foam generated using sodium dodecyl sulfate
(SDS) as a foaming agent in two brine salinity levels (5000 and 35000 ppm NacCl)
within a heterogeneous layered porous medium. A glass micromodel consisting of
two layers with different permeabilities and fluid connectivity was used to conduct
the experiments. The results revealed that the foam formed under low salinity
conditions exhibited smaller bubbles, leading to increased apparent viscosity and
consequently better control of gas phase mobility in both layers. The formation of a
stable foam effectively controlled gas flow conformance in the high-permeability
layer, resulting in the foam front advancing through both low-permeability and high-
permeability layers. In contrast, under high salinity conditions, foam bubbles were
larger and less stable, leading to faster gas phase breakthrough in the high-
permeability layer and consequently reducing the effectiveness of foam injection for
conformance control. The findings of this study demonstrate the superior
performance of foam under low salinity conditions for conformance control in gas
injection processes in a heterogeneous layered system. This can lead to improved
sweep efficiency of the injected gas in the porous medium.

Keywords:

Foam, Layered Micromodel, Mobility, Conformance Control, Salinity
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Benchmarking the potential of Super-Resolution Convolutional Neural Networks in Improving
the Resolution of Digital Rock Images

Pouya Sadeghi!, Abolfazl Moslemipour®?, Saeid Sadeghnejad'?, Frieder Enzmann?, Michael
Kersten?
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2 Geosciences Institute, Johannes Gutenberg-University, Mainz 55099, Germany

Abstract

The ultimate objective of digital rock physics is to accurately predict rock properties. However,
the resolution of rock images obtained from imaging techniques often involves a trade-off
between image resolution and field of view (FoV) (Bai, Berezovsky et al. 2020, Sadeghnejad,
Enzmann et al. 2021). The presence of heterogeneous rocks presents a significant challenge in
accurate modeling due to the need to capture information at various scales. Various multi-scale
modeling approaches have been employed to address this issue. In response, alternative
methods have been explored to reconstruct rock images using advanced artificial intelligence
algorithms, such as artificial neural networks. These state-of-the-art methods offer improved
connectivity features in final images, reduced computational costs, and the ability to incorporate
large-scale heterogeneities into reconstructed structures (Da Wang, Armstrong et al. 2019).
However, it is crucial to recognize the challenges associated with these approaches. Super-
resolution (SR) methods have emerged as a prominent solution to enhance resolution (Da Wang,
Shabaninejad et al. 2021). Super resolution (SR) is an eminent system in the field of computer
vison and image processing to improve the visual perception of the poor-quality images (Lepcha,
Dawa Chyophel, et al. 2023).

This research aims to evaluate the speed and accuracy of deep learning methods, specifically the
SR-Convolutional Neural Network (SRCNN), its modified counterpart, and the Fast-SRCNN
(FSRCNN). The dataset for model evaluation consisted of a Berea sandstone sample that was
scanned at the DESY PETRA-III X-ray synchrotron light source in Hamburg, Germany. In this study,
an SRCNN architecture underwent two significant modifications (referred to as transient
architectures) to transform into an FSRCNN architecture. Firstly, an additional deconvolution
layer was integrated into the last layer of the network, enabling direct mapping between input
and output images and eliminating the need for pre-processing on Low-Resolution (LR) images.



Secondly, a mapping layer was formulated to compress and expand input features to enhance
the mapping process. Lastly, smaller-sized filters with additional mapping layers were employed.

The results demonstrate that the FSRCNN surpasses the SRCNN and all transient architectures in
terms of speed and resolution enhancement, achieving a significant improvement of over 20
times. Additionally, the petrophysical properties of super-resolved images generated by FSRCNN,
SRCNN, and the modified architectures, as well as the HR images, were calculated. The porosity
and permeability of the digital twins reconstructed by the FSRCNN exhibit similar values to HR
images, underscoring the superiority of the FSRCNN approach in accurately capturing the
intricate details of digital rocks and enhancing the reliability of subsequent petrophysical analysis.

Keywords: Digital Rock Physics; Super Resolution; Convolutional Neural Network; Petrophysical
Analysis; Accuracy, Speed
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Soil samples

Properties B70 B0
Constituents (%)
Firuzkuh soil 30 60
Commercial bentonite 70 40
Fines content, FC (%) 77 64
Specific gravity, Gs 2.68 2.69
Atterberg limits (%)
Liquid limit, wi 79 54
Plastic limit, wp 35 30
Plastic Index, Pl 44 24
Compaction characteristics
Dry unit weight, yd max (KN/m?3) 14.81 16.77
Optimum water content (%) 26.5 19.0

SrSamis Y

dod sl B 5 BB Cuz 50y olael jo l) JES cond bilie jo Sgyaee culaa alg VS
5 Cadgis dwoys 5l Haid s a5 WS b\....b Lmui;iuﬂ plod bl ans oo lid alBlas jgb 4 Lasu;;;%l.cﬂ
ples o5 4 Wilgs g0 Jodon Cond 4y (g j0um Colan iy K deg slad jo as sladig, (o515 Ll S
0515 S50 5o latmg DS ilse T it &5 a3 oe L @l WS Grogi |) (S puee Culus wly
Ay Cudgiin o, o 5 oS | (655 o2 K0 Ojle 4y el LI ol U lavgie Codein sy o g YL
J5dss s o3gazme JS 40 B70-95 4 B40-95 sledigas (sl ¢l plo .ol 00ls (55,b ousSTyy jlisle
o oy SBS o155 la T 4 4255 b lsiien |y gl ol 36 51 5V (81 (Sl yuan colaa
O aS s e |y S0 Glaoas oy O)d gl & ;twosksl O 0 o515 sl Gl &dly o ols
Rybse Jolo ileaisd 5l (g7 az )0 (nlple (K )13 0515 Cuz 2 dges 90

1000
mB70-V . ¢

5 e B70-H
= A B40-V .

¢ [ ]
i X :
“:-é lO B A e ]
o * = =
£

1 : = —
0.4 0.6 0.8 1.0 12

Waaigas (oolod (1 Glanesdls (Slgyoee Colaa pilgs anylie 1) S



yya Jodsin slalasrs ozl o Giules sl

Codgiis oo b baiged gluwal cod als @ e o Slawes 6 135 L ¥ IS0 ol @ axei b
B70- blie polie a5 J j0 sl oo (2alS ¥ 4 F/0 51 B40-95 sluwal cos 058 0 YU 4 lawgie
B70-95 4 B40-95 _Jk oussTy, jLsls jl Jlisl pmudes 0iS o sz VIO @0 V1) (6 iy 20595
G Fdrnd o Lo (S (Glamio D3 ad @ ad ()T s 4 ol pl 05 e (56 adgl ll 2 5o
1S 0aisS jpame (5 (iali8l 4558 8 oS (0 050 0929 (goges Jlisle b anlie o 88l cge o
Slomodl dz )0 el )0 a0 co (ial8l 1) glaisd a0 g S oo 38l 4 s i > a4 by | glaseg
Al oS asdlas cpl j0 eadaid I lai o S eogase JS sl 0, SKleen (g IS L L

10 [

RORILEIRWR

(O P S R
\
.\

LNEILETRWIRS &)

5 Sleer g 05,0

1 : t : t : t :
0.4 0.6 0.8 1.0 1.2

Glizes Codgin woys b S sl S cons b glaenl cons JolS5 Y IS

&‘ﬁw){ﬁ .i

[1] Dos Santos, R.A., Esquivel, E.R., “Saturated anisotropic hydraulic conductivity of a
compacted lateritic soil” J. Rock Mech. Geotech. Eng. vol. 10, p. 986-991, 2018.

[2] Jia, R., Lei, H., Hino, T., Li, K.,. “Changes in the permeability and permeability
anisotropy of reconstituted clays under one-dimensional compression and the
corresponding micromechanisms” Int. J. Geomech. vol. 22 , 04021282, 2022.

[3] Sadeghi, H., AliPanahi, P., “Saturated hydraulic conductivity of problematic soils
measured by a newly developed low-compliance triaxial permeameter.” Eng. Geol. 278,
105827, 2020

[4] Shafiee, A., “Permeability of compacted granule-clay mixtures.” Engineering Geology
vol. 97, p. 199-208, 2008.

[5] Qiu, Z.F., Wang, J.J., “Experimental study on the anisotropic hydraulic conductivity of a
sandstone—mudstone particle mixture.” J. Hydrol. Eng. vol. 20 (11), 04015029, 2015.
[6] Kuncoro, P.H., Koga, K., Kanayama, M., Muto, Y., “Anisotropy of transport properties
of a remolded, compacted Andisol.” Soil Sci. Soc. Am. J. vol. 79, p. 1267-1274, 2015.

[7] Yazdani, F., AliPanahi, P., and Sadeghi, H., “A comparative study of environmental and
economic assessment of vegetation-based slope stabilization with conventional
methods”, Journal of Environmental Management, vol. 359, p. 121002, 2024.

[8] Sadeghi, H., Gholami. M., AliPanahi, P., Song, D., “The influence of isotropic loading
and unloading on anisotropic evolution of saturated hydraulic conductivity of bentonite-
sand mixtures in a cube triaxial permeameter”, Engineering Geology, p. 107454, 2024.



235 038 43 (m Suaeaslss (5 jleuo paAd () jae (Sasplias
S J0 U‘Z“SAJ‘ ouldiy L\ u":"‘&

Yol5 ole aume Mol (59, ol A ¢ ST saw
PRV

Sl SIS sl JLacsl e Sl 31 2alS slaol, 51 (o 25 enSTisd (S s 5lwe o3
Sz sled Gl (509950 sl ooll sba)lSal, 51 (S Glsiear (g, al el e 05 lgmg]
ol 53 axte Jlo (gnillS (paadt Cuntd 50 0S5 g S 08 OLL B3l Ble a0 V) eS o
5 sl el g S 51 a8 e (g0 ymly gy S eizmen (28515 38l5 000 ey YN0 Lo
Lis g obml 4 K08 o 3l 5 3jlues pOlel ) S lse J5uS 5 0350 wal 3 1) sadss slaails )l
033LS 3B (sl eadls y sbosl Basly 1) s y5lee 5 ecdd adsd pglas 9 cts oo Malliy oKl
Ol 3018 5 s D98 aSh sl pdva 95 L5 CO2 (i 25 (3bwo 33 (nlpls suled oo S
il el smins ses T il )0 (S aeeSTen S5 silue S 5 i piilsle S5 S wallie
b onSaemSTiss 5 0Ty a8 j5a0l lssel lls o35 a4 oS aemSliss 55 3235 5 ol 05ke 03318
530 e 5l esliial b L o3s, ol 5o ileise (3L (35 o oolilaloay L Dl & ygody 5 0nds bgls U
3ol ey (sl ools 5l oolainl b g 20,5 (g5lw ancds 1) calizre 35 A0 e slawd Voo e dST lw auals
Ooyael 1y sl 00 a3l (CNN) - o2 ,651 51 ool b aS egian (yogp 4 581 o5 ol 10 (55l duds
Cds gl 5 oas asly ) Cyy S b iseel sl mell $0¢ 5l eslinul b aSed ol eyl ool
Sl adss oo e 5 5y dais el 2ol ¥ a5 s S ol ol st 4 |, aS Lo il oo R2=0.98
Sl S0 Syg0 4 Ol A £ 9 05 ST 60 3 8,5 £ g S uSe Sy Djg0 4 e 50
20,5 (o8 (P Ui 015 ST (68 35 e 03058 e Sules 50 9 0l ASh 4 (9399 Dlie 4 go9e
el 1053 Ot o gian 9o 10,35 105 S50 0053 0SS

doddo )

» ) A gl 58 Ll ae Ol iels sl ol 51 (SO 0,8 wnST (60 (S g S5l 00

Sial3l 3,5 sgumme (gl (olsl (sl JlSal 51 (S st @ (g, nl - el ey 5 05 lgp g ol s
a opanilysS g o )3 053 5 o 53 0l B 91 o (5 3 ¥ 51 S e sles
a5 Lasie @lize gl ol cwypn b .28S 18 Blg 0590 sl ToVO Jlo elus o saseie
Gl (1) 998 (oo Slaald s Lane latgd (B Olgae 4 (255 0eaST (68 (Gej ) il 0 S

5.a0habeyg@mMOUAreS.ac.ir « ;| ,kol 5 (oo Cun 5 oKl « cond cwiigen 0USENS (s cuskien 09,5 |
SlsT

shahab.razavi@mOodares.ac.ir « |yl s ¢ ydo oy olEiils ¢ (conds (cwdigen 0AKLINS (Cis cwikigo 09,5
sadeghnejad@MOdares.ac.ir )l o)l s o yde Coys oINS ¢ soudh  swvikitpo 0ASEINS (o gwdigeo 09,5 T



mailto:s.aghabeyg@modares.ac.ir

Y¥) Jodsin glalasrs ozl o Giules sl

Ored 4 (V) 00 35 dangy Oy y0 aSh ol pdy Az LS & S ST (68 pe ) sl 0
©ods s g, 5l eolatwl of ped 4y 1,5 AlST (60 (g5l 0,033 9 L sl ok sl sl W o
Geoe (S0) 25 S 0yhe Jold ()5 ST (63 (oulid (0 9 S5l 0253 slo (e el a3 S plox]
ST g0 sloslanle pdy maSTy wijle jo g5le GI 9 S JLS e oo alsd 515 5 i o 5eec 9l

(el ouds plonil avs (nuizr 6l (Foein) b oam ;o S gilulaz 5 b5k (I3l sl on)S

3,595 9 (o e (Lo Slalllas aloz 5l (g3l 0035 )b (55le Joe (sl p (ilSe o g,

Al ;500 (Ggw 3l e 1S 18 solatul 5 50 cols 5 )lae (gl aiilyl cod ATl ouls ool drwg gous slo
So ol b sloo )5 sl cnlpls e p Gloj g 4o Sleulns )5 5l go0e (5 sl 5l
Qale5s ools Feuly segtae yhen s g, sl eslaiul by s 4y 5Ll el 5L 0590 dusite Dliwlre 457 Slej

0 45 303,5 o g e 2l 3P S0 S ST 60 51 il 035 Gl g cnl 4o

oolaw! ‘.)1 Lgbw‘ Lg)‘df d\JlA)AAJ u.u.?t.o.b 9 ugLﬂ.\A LSKJ)’AS .Ia.:‘),u.: l; u)lpbo uL?Lu‘ 6‘;.) Q] GaLu )‘ u‘ﬁ.ﬁ

ST (63 55 (g5l 05233 03318 (Ll Jsbo 0 a5 adae gl L (nl 4 izen Gighy (pl 0,5
S 1y S ST 68 58 Gipdy Sudyb (e az U e O o (S

o5 (w9, Y

03,5 (&3l 4 aliie Slasetio b1 ol (il (55 i Sl o 4l (35 90 (gl ol o Lo
s Yz 0 ogd Froe g X g 008 Fre o ojlasl L ¥ VY o 0y SYVXAY slol b 55 ol o2
T O pey 9 (Solal Sjgo o SR (55 (nl 5o Cesl ol w18 I A 0 7 gz p0 D98 TTA
Sylog cmme o 5l 6y Voo Gae 40 oy35e cpl 3l o[ < ¥BY] o[£ YOG NO] [ XL N ] sle
L el o350 ol Crmizman Bl oo sl ol ) aseius yolie L CACL2, NACL, CO2, H0, osls ¥
S8l ©)50as 19,09 (IS jo 55 Jawg o By ol SO ould aaS 35 o laml il oo ply FO- ¢
b loaSs Sl bS5 G5 55 Bboos S5 Gy S Y & JLal bl W B ) 4 1S lesls
55 st olr S 55 ol 5 sl 80 sl o D ygo s VY - B 830 MCF/DAY 65 (o 55
@hlo 02 WY B R slaa¥ 5l olr (nl o oo DLl (Bolad ©)j90 4 ol (ol 5o oS @l 4385 L5 5o
Sl 50 4 ol e sl 43,5 L5 55 YE-L YT+ BBL/DAY w5 b 5 oy car ¥ by Lol
il et 1) 535 A0 (3l 0255 Gl (o) (Sl w0505 18 () olz Sl ST alali b a5 09 o0
Al Vee 0,00 S gl B 0,90 SO jlam g a8 T Oygo G,5 Jle 00 Sae 4 3 (pl j0 S
plo 4 58 e o 5o eads o 515 (i 5 (55l Dl tzme 5 e L, a3 S 18 ws) 50
AT 6335 liee oz & e (e sle Sl plsie 4]y 558 SN S I 5 T o esldl
D05 (50 (syp Semd 00D 02235 (S

3985 (Jolow JuSy \YVXVY LuSe ¥ lal jo a5 0,5 (olhb ol 45 4 |y coras (ise 4l L
e s3ler Loy oslid (sl Ll ol 5 085 il i i o 314 | ol s ol (e 5 5,00
Ol oy #5958 &5 £ )lade g0 ad 3)ly b eSe o o o hous 5 010 3 wbp Suty jlam
SleMblasS o 5T 1) 5,5 0T (60 55 (g3l 0,033 (ylime 048 ,5] Gy gl Slwlore (g30e &jg0 4
wras a0 5l Jawe ol o Lol ool ool aSl o jlel g u:’)'S"‘ Sl ol Cuwny (550 29
gl osls 18 e 5T la Sl olasy aSlils ol 10 a5 1S 0 oolil CNN) gl il



v s glalae ezl (Lo Glulen oyl

Sl 03 Gl (S A (ateiie (e (gl am aS WAL (e RPZ0.98 plp aSd s (5
15 ol eadgolr b cwyls oo VLY B Y0 s allpl < ¥ b o) e S5l b S5k 4 bigyye
45 .2ile MSCFIDAY V-8 (518 a1 (60 518 32,55 €55 5 59, » &S YY) Ol adgi 53 5113,09 Joxe
S Sl 38 3l 0 S Bl r e GeizmemCesl i 0051V o )lad Jguz 55 ol (g3l 0033 (e
&5 oI3ILT Joro 5o O goddgiola b (oujlo (o VWA B Y o (oI5l - F B Y o RS L Ll b
Oyt Wlgiee a5 wiloe MSCFIDAY 710 1S w60 58 30,5 &5 8 39y 50 a5t YYY T aJys
@ bgsluand 5l oolaiwl b Lo .ol sl asin ) ojled Jgaz j0 aSans slxil 1) (g5lw 0,53 5l pox>
w3l y3iol (i o luo s 4 bgy e laeailSe 15 (gilwe b (e (b 45 02,5 Ao
Lo gl o I casyyr cymizrad ol o 3,51, MM 10-M33.82 fjee 4 o0 aibls (gl g )l yo oS
I o 58 B Oliee s 39y 50 4t Ve gy Sl b o Ol adgs (liee a5 Gloj 0 a5 558 (bl
L 08 Lo gyl 0l 5o Lo a5 iy ols wwlss ¢, oS Lis il wsly oMCFIDAY £3 - S qario
sl Lo Slgen (liae Voo lad IS0 50 .aiSiw ol 35w jLid jo 1) oS Ol s g ails 1) 55w ,Lid

DS odnlie wilgie | (estae (Bep Al jl ol Cewsy sl Ly L Lo 4l

Linear Regression (R2 = (.98)

34} % Data points
—— Regression line

32

30

28

Actual

26

24

22

20

18 L. L L L ' L L L .
18 20 22 24 26 28 30 32 34
Predicted

Erae Shen 4l ¢ sle 4l sle eols anslie Vool S

GF Ve dle 5o )8 ST g0 58 lidl el oo IS0



YYY Jodsin glolasws ozl o iules (g
A Conl oamlice BB 5,55 m2o Jlo j0 55w 58 )5 ST (60 58 gl e Yo lods SO jugad jo
ol 9y b 53 3P )3 55 S

Sl 000 JLw Be )0 a1 (68 (02,5 3B (55w 0355 (130 (2 F0S 9 (2 Fden 1) Jgo

M M Ib-Mg;5le 0,533 oylime oS M M Ib-Mgle 0,53 oylime oy i o,
gl |
YAYY YYAY
v”
VALY Y u»g-‘b
(& g0
G5 a ¥

slaJae 5l oolatul a5 wims co lis (imgh zli 10, S aSTed (g5lwo S e 385 i
O3le 50 (S aS16d (siluo eSS (liae B0 (it Sl (eras laASLD ohg (eyias Ghge
S5le 35 (glop5ilSe Lot (rizeed 0yl 00 Zewd Lo (gl 1) azmei (e Gle (S 58 (S0
Sloogas ol i Jolge 45555 a5 w30 (LS (e5rae (ogo slapt,oNl sl oolaiul L p S aenSliss
@ ol )R b (e o5 5l wilgiige lardsl) SlaTh 5 2Ll Luld daKis
ST S8 (o) il )3 (S emSTs (silue eSS g gl il Sla Tl Sl 4wl o
b obasye Slidod )3 wiedyod ) S glpear (egras (g0 o wasoe (LS Lo Rl (S ek
Olpse @ g S Ll ggoge (nl 5l Lo mod Og S0 (oot GBS Wlgie 52 9enSTiss (lwe S
A SaS i) ol yo g I8 celw

&= p0 G b
1. Vishal, V. and T. Singh, Geologic carbon sequestration. Environ Geosci, 2016. 16: p. 47.
2. Yan, B., et al., A robust deep learning workflow to predict multiphase flow behavior during

geological CO2 sequestration injection and Post-Injection periods. Journal of Hydrology, 2022.
607: p. 127542

3. Abba, M.K,, et al., Solubility trapping as a potential secondary mechanism for CO2
sequestration during enhanced gas recovery by CO2 injection in conventional natural gas
reservoirs: An experimental approach. Journal of Natural Gas Science and Engineering, 2019. 71:
p. 103002.

4. Lubon, K., Influence of Injection Well Location on CO2 Geological Storage Efficiency. Energies,
2021. 14(24): p. 860



o (5 7500, (6 loxo 3l ooliswl b (b HIaSLSLE 4Ly )5 (350 SO pglai udgd

T8 65led 9 b dline 258 oI5 Golo apmw 250 je (550,05 Ol
oS

o BISD iy e 5 ol leajgls 0 (o5an 4 ez ool 5o G350 (7 Jghie 51 (o LS e 5 oslin
oo el o i )sSl (osran (igp b o piy sl Glee o el S0 Gl akly S (bl o
o )5 51 (S aims &l g obul bl elul ) alisee Blasl pglal SeST L auly oo S0 (13850, ¢ blie
2ol 613850, (sl ,5093 13850, o oSl 5l eoliinl 5 (89,9 yglal alie pslat adsi blite Wge a0 58]
58 5 9o L3l wdg g sl b )1 (sl hlie Wge e o )5Sl el o wd g gl (LiST50y 5 ol 4 ol
g JSCo PEXET liglss, sl eolaiwl b polas adgs glp |y Gaoe Jilaie Wgo aSids o 568l SO andllas ol jo .l
0900 Syt 5 Wddy (o0 ey | SIS (lulid wiul)d 09055, (nl 0gd (g0 00ld drusgs (53lusly (6l NS 50 Joe
03§l e giie pslal ¢ Bras Jlie go aSd SaS L ol (o0 Lo ctalllan (ol 50 00 (o (ST, (B550] degarns
G ¥ (6 5uS ulde polas 5l g i sla ools iy g ul38l gl a8 oS ades xnbs jlo SIS Gly S Siw
proliie Wgo oSl anyse Al ol dide ormb o SIS (ylre (olsd (S Gy alez Sl iiiey Jlod g a5 Sl
Sblos 28l palas g o ls J18 (VA=2/Y) o5l 10 0aisS [amd sl 9 (VA =+/F) o5 ;0 caisS odgi (ly Baas oduzey
il oad wdgs (99,9 nslai b

Lo jlguuds

aly,S o5l ugal (g5l {Gmes oduamy bl Wae aSiid ¢ Jilate Wge aSiil ¢ )S0g5 (105 50, ¢ oian Sign
B 550k

doddio )

Sile 0533 pazg JB ok 4 (ornb WSS g4 5l (ot (o) slo Wile )5 (b (sla BSLS 052
S8 o S5 5 i il 5 SVl bz Ll 50,8 5 (sl 0 Ji%e 0 s S ye ol 5
Sl eldio 10 (e OSES ablae sl [l b slo BILE calis wiius o] o5y 69 5 b
GBI sl pams 51 S0 mlaw (il gl asls (18 b a8l ales 5l Lelse JRRICRCPE BUITESS
anlllas ;5 90 (5,5 oolinul () )de (1938 5 4ty Sliniod 50l 5l oolitul b Godod (nl 5 Glsie e sie 25
556 e 5B a5 5 (3P oS e D0 & e 50 S92 90 (ormb sl SIS a5 005 (Lo
§ Egpi (S 9 WS 61 lase (gile dad e (S S le Jow Al cpl jo ol ailas
dgazme slizl (gilwJoe wile iy Sl sl by, sl oads oolaiwl Jod jo LIS b oS
Golw als 9 b SIS s, JpEove.o sokie 4« (DFN)M sl Bl aSs gl o 5(FE|\/|)

( behradtabrizipour@yah00.com .l ()5 G5 5 cais guigeo 005231) jou (530 50l 0 |

J?LM o.xua.wi *
(sadeghnejad@mOdares.ac.ir ) ! ;) s ¢ comss swidigeo 00SCils) o155 5ol surw 12578

(M.ajipour@srbiau.ac.ir ol ! (s « comd (cwdigo g Caii 00510) 0,3 (65l yo (>l diliae ;2S8 ©



Y¥o Jodsin slalasrs ozl o Giules sl

Dot S5l dgzg b Cenl ouds a8 S IS 4y iy calizs gla), cov b ol e BB gle 4l
Sl eslital b oS 5 oo pes ae> [1]0,5 oolicnal 5 s 5 40 05 9)l9e 5l e o9ae
sl 655 o3l g s pgal slajloges ol 2 5 o Do SIS @595 o i piey (egian (srac 4SS
4l b BILE 0515 (o 99290 bl 45 S (doin 9 53l 4d (350 50 b SKS @ o3k
slo Bs 0515 o (295 bLS)I S (egtian (oo aSh 00l (b o el 03,8 oS iy ()
o liel o igal sl 0sls (gl JAA g IAF AT 1 e Siaed CSlpo bodds s 9 00 saslive
Al 45 0,5 oy ooliwl Sy (o yiin palal Wae sl Joe KaS a4 g ol ool i g0
dw polas 55kl lp OLKen g (6l dul> [2]asl Wge lo Jow o093 4 Silgiel egias ouac
&l -l 08,8 soliiwl oo ZLISHICEGAN Jos 51 sams ¥ gl 5l esliinl b Jsudseis (sl Jasma (g0
S0y (5 Sl (o p & Olytee (b WSS (e S alex Sl e sle S i (o) 2
Gros oz rolitie Wao ad jloslinl g byi b g b pd (g sl Jaw Sl ool b Ko 5 S15.[3]
Dyge g IS la S 59, » Ol a5 Wilesls GLaS ) (P (695 (b o s3bedoe sl
(rledly Blite Wge slaaSed jlamdly s5us ases sl oslinal b ol San 5 95 (Sod [4]05 )55 5 S5
WGAN b a5 (39, cnl ool 00,5 adg g bslo puise 9 YU g b il slid o slas (WGANS)
037ty 5 Awliiio aiz Mt (slad sl ws Slally o 2500 0ael (IPWGAN) widly 0540 oo p0
ol [Blels s JudlSs o35 i Sloogas o)y 4 Slsmee bgy ol 5l oolicl b .08 oo Byboy |,
Bil pslas (slp SIS slo 4t (3ldie 5 ool (6l U-NEE 5 e 00,6801 51 5o 5 guogiiles
sl 00l (y303] g 0als oole igel (gam 90 pglai il (gl degezme (59, Jow ol aimae a1l jladlSS sls
U1y Woe slo aSd aizmen g valys (oaBly g oduzn Slijr adg 4 0B Jae (0l &5 (Shge o
rolBeie Wao aSiid SaS 4y lialllas o o) Sen g KI5 ax . [B] sl ools lis o395 ol )0 095 51 (5 %0
5 oSl (5,58 Sl ool L b ()T aalllas il a3l low oliie 28ly sl oo (5Ll & Gras o0y
ol Gojgal oolinl b0l 357 pa oo (ulidio adly (sl Joo 51 (6L 5 Slaws ad g (gl jpgad Gl (e
isel o iged & i jyslai aiiilys Bres odizy hlite Wge oSl S5 4y adly (9990 gl
S 53, Logare 5 alllS @ly 5 goie slo Joo roliiis Wae aSt sla (5 lone 5l oolittul S ass
soliinl b anlllas ol jo [7] el Casal Bl Lo aiiad (g ian Sz sl a8 el i slo
9 O9ue & (grb HlISE (e slaSin o J5095 (b5 50 g Bes odzey oliile g (slaaSl )
Gl SeSL oS aealss SLLE S8 (35 oyl )l 4 (s 5 (60 0y (SBLaST a2 (0 S A
WJelosi g Lo it <80 Ll L (aBly pgla 4 ad g 5ien pglad g Lo eols 0gi b eilyice (65909355
0 Gl (42 BB Hsb ]y (plet aralne 5 iy G 5 S g Gliee 2L

alllao ploxil by, WY
S e il 00 Bl Wigles Joo (6,500 o (0 it Uas Gl aS pglar o3 18 (glo e o

FExEE gl b 525 DYAY & gAY Slimiedings et pos b o (6,50 45 (5 5ldie o Shoe g
o arle Se Lo Cuz o 59 e 4G L5095 5 e, JliSle Gl e Al pe 0 el bas



Y¥? Jodsin slalasrs ozl o Giules sl

N 00y bieel Il LS5, 5 0850, (sl a0l 45 o osliisl j2aS olesy gliad b b VYA sl
sl bl slo age s Uas Slaye Sk atjo UL 955 e S @ Joe ol Ssl Ve 5lam o oS
4 Gros bl Weo a Juo 0l 0uds QBITA (glo oy dmy aloyo 50 sy Glalejl 5 (B3500 50 50
(Tanh, ;Ldld b 5o ¢ faio MalS Y aw b 00 adey aSil a5 oads &yl a0 (5,50l & je0
oolazl (Leaky RaLU, Sigmoid) jLudled als 90 5 eaito olS a0 a3l 00sS aas aSs o yReLU)
e 9l anje 2l g (Bolas plolS Sl slo ange &b b olon Oype 4 s puglal b oad
odd ddei (6,0 malal (LL jo il sod adel wyas (g lo s pglal Sgul Yeve 5l aisd adgi 9090
oo PERPE edly sl 4y SBVYA (o)l sl b sge o ools (bjeel i 51 LS e, il ol

(S0 (L 1) Gadly pgai b aalie )3 0ad adg pgal SO T SS) Wigd

Original Iimage

o

10

20

20

a0

s0

S0

2o 30 a0 S0 B0

generated

10

20

20

ao

=o

so

&0

&y ngad plp 50 edd Wl gl ¥ USS

Cem gl WY
oas eslatul BlassT unl) sile calisee slale) 4o Kins B oo 61y Il ol 5l canlllas oyl o
Goigel enl ogdle . o0)S Ll (jiloe 50 5 5Bs g e 1) il g Sl b Gleogas i oS
@ Gl Bl S0 s Jloal puslas Lol adgi puglas a5 (g920 4y Cowl ol plaxil JolS ol &y Joo
5 ole cloaclyy 1o los oalil 5 o pisprass 4 100 ( Buiod ol o 0t @1yl Jow 45 sl 1) (line
S b o al Bl Sl ok Wl S SIS (e Sl i pglal adgs miren L oo (Sare
Caogazme 5 o3l gz ailse 5 maysl ey |y (jle ol (L3 Sl 5l (e uga i U oiS 0
b Bibp 1) pdy o s Gladiges slaws

G ams ¥

@l wily,S IS (il pglal adgi jslate 4y ,lS055 1850, 5 Bres hlile wge oSl s 5l oolin]
s polal & and 9 Suo3 6 pslal (3luil 5 g Ulgs 5 108 Jaw cpl el ools plis Ty g5 LB
SN0 e anse a4 8395 355, isel QL Sl i (VL gl Sl &5 ST 0 g e
9 a3 @l jloge Loy YV JSE) ((oo8ly nslas jloud 63lasl polas 1) JS&) ey 93 ainge Sl d0e ol p3 a5
Gy asse &b Gros otz politie Wge aSl j pizren (B0 Lis 1)Ll 50, 138 50, Joe ui';)‘j.aT Sgul olass



Y¥fv

6 Sgl 10 45 0S5 Sl Voo v 5l g (VA= 1Y) 03l 45 008 s gl 5 (VA =+ /F) 03 4 00§ ags

eV gl S o Sipudl St 51088 e di o &l il

Epoch 100/10@, Train Less: ©.0015, Test Loss: ©.9015

Original Reconstructed —
>Ongma| Regonstmc(ed % 00041
' ; 0.002
- 4
3y nolas 3l oads (gilujl plas 1V JSCs ° * “ Epoch * * e
LiS 50,108 50, Joo Saml olass g ay s Al loges ¥ S
&=y Cawppd LD
[1] Li Hu, A review of mechanical mechanism and prediction of natural fracture
in shale, Arabian Journal of Geosciences, 15: 474, 2022
[2] Hamid Sarkheil, Firouz Alinia, Hossein Hassani, The Fracture Network Modeling in
Naturally Fractured Reservoirs Using Artificial Neural Network Based on Image
Loges and Core Measurements, Australian Journal Of Basic And Applied Sciences,
October 2009,
[3] Hamed Amiri, Hannah Vogel, and Oliver plumper, True 2D-to-3D Reconstruction
of Heterogeneous Porous Media via Deep Generative Adversarial Networks (GANS),
JGR: Machine Learning and Computation, Netherlands, 2024
[4] Chengkai Zhangl, Xianzhi Song, Leonardo Azevedo, U-net generative adversarial
network for subsurface facies modeling, Springer, Computational Geosciences, 2021
[5] Lingi Zhu, Branko Bijeljic, Martin J. Blunt, Generation of heterogeneous pore-space
images using improved pyramid Wasserstein generative adversarial networks,
Journal Pre-proof,m (Advances in Water Resources), 2024
[6] Ryan Santoso, Xupeng He,Hussein Hoteit, King Abdullah, Application of Machine-
Learning to Construct Simulation Models from High-Resolution Fractured
Formation, Society of petroleum engineers, November 2019, SPE-197439-MS
[7] Yifan Liu, Jie Zhang, Tingting Zhao, Zhiyong Wang, Zhihua Wang, Reconstruction

of the meso-scale concrete model using a deep convolutional generative adversarial
network (DCGAN), 0950-0618/Elsevier, 2023,
https://doi.org/10.1016/j.conbuildmat.2023.130704

Jodsin slalasrs ozl o Giules sl


https://doi.org/10.1016/j.conbuildmat.2023.130704

5% -‘St L2
« - I“Iran Interpore Conference

39 (Sailso— S g youd— o beouds gL T 8 cwlidogs (5 5lwdute
J.zbu.o ‘SLbJa.gz.o

YL5§9> Lp)}ual ‘A;‘J.....AA.M SV 3%
IRV

Sy e = SLlSe — plard dtaon w15 Lo j5liie 4 iz oo siz 55l SKen by, SO RBgS cnl 5
ot i Sy 305 el blie 31 5 Syt SilSo — soliand (glodiy] b el o @) Jkliie sl lama 5o
SilopSen b (ouliiie 93 sainse  So Slis p o3leiing gy IS SeST 55 (witites alox jl calise slaainse) 5
4 (25555l elie oS (b 50 w090 3T a5 (98 S ulide )3 39250 slaSeali el sl i e
25 (gildae ogdi o gl Sl (g See pobiie gy S ol (IS L3, 45wl (Ken Aty Sy 850
Ly 5 pSl S¥oles diey o8 s ol 3 01 (3l ozl ST 4 onizmy (Seal Rl slalaie
slop s 8,5 Sl e el oad alll olieed sla 2Ty g selx 5B S0 pss (Jlow Gl 85 S 0 L),
G5k Jawe - Jop a8l mrond ool ¢puizmen 058 oo Dlawlone &35 (ial38l o 50 095wy S DYl (o 1,38
5 @bl 2sier Jlosl sl 5 (o (6550 Ll pd (6505 2 Slie 9508 (oli jolaie 4y a5 (o0 S50 1) ol 9
Jie sz o b el Jiliie (slalama 3 (Sl s ~ oSilSe —gloons slasinl B 55 soleiiny Lag, <o

sl 00l oolo lid goae

o SYoles —3g0me lodl — pasliiioniz ulo ( SolKo Sg ot abiand cloans T, ilaoslgands

doodo. )

550235 5 Sl Ol b (oo (slo 28Ty o] 0 a8« (S 000 = (Sl - aloord slao 18 0

ot 9553 S oo Wl (e pole 5 (miipe BliSie laaie) j3 (ool Sl il ol pen (SIS
o ) ol Camtl S 5y e SloHlly oy S S Lame s loan b ol 15,
o> ol (551l 039> 30 ey 4 9 ST (qwdigs 50 T 0,5 A Ul oo E 350 (2l (595 slao 1S
SReal ailei oo i)ls Dgzg (g lax g,y a5 s S LSS 0505 o) Lil 18 g cis ] el
el S ol oy S5 51 5o iy S sl ity 2800 pliSmgas 5 oS5 s 25
(o7 Ol nl 09 (Sab gez by pyg s Sl (Ses 0,8 0 518 STL eled 0 () &5 Sl
S ool et 4 bolz (B 4 e (S 5wl oy olz ojlpo 4y g JB A5 Wlg (e
sbte 4 (Slgpaee - (Sl — glond ookl B meomo sildas ) nl 51 [1]00 5 g la> Slilee
celis ol (g5l ooky g ol (golaly Sy Ll (TS ez g py88 S, nl (Gt

(526edMONIT@ULAC.Ir) . ! ¢yl 5 eyl o5 o2l (i HEASLas () o (gmsige suSiils
Jstes o ™

(@rkhoei@sharif.edu) .ol sl ol 5 acis i iaio olSEils ()] yos  owwiige ouSizils’



Y¥4 Jodsin slalasrs ozl o Giules sl

I Jojl @90

J5 5 65500 sl e 50 (Slg et -(Sle —(alord slaan T elr sl dllee  odle
SeeST 63 58 3,5 Jeld (K8 S5 )8 9T (60 5B jlasil palS o900 iged gl aitan
O aeS1 (68 Dae wily (g5l 0030 5 sl 5l liebl gz (gdaie sla Jlw 5 (S Lo b oS
~stlbosd gloan] b (siladae o) ) slooan VT JEDl b bLs )| 5o oizen [Y]0)ls @500 (te) 5
e Q%| 5 .o)lo Coo| ) ol Sl pinw o oo ¥ el RN TR S si,i».;,,m —L_S_i..;l.i.o
sl 8,50 gleoaYl pl g pw g S yod (g9, Wlgl oo oo liends (sl STy

Sl Soamn (85 1,0 ke Yoare (Joliie slalamme sildoe sl S92 90 (i slo )

a9 50 Ol 1 el (Sew o sXaal ol sl o0 9y 4 gy JSin b 35250 sla sKeals 5 30
Ol 00,5 By jekaie 4 Wigd sloml (S OILSET ;0 35250 S 5 4l b g e DLuS 5 (ddlie ol
— ol sloon] B o gl cwlide wix Sleslbre il (Ked (g, o Libgh (ol 50 wedgase
Gaase,8 300,505, cnl Lol pogie .l oas slpaing (RKeal Jolscin slalass jo Sy 000 - Sl
Sl oo i3S A 0 598wy, S wlhide [0 ure Dyse 4 b SKeal douyl jo ol iy owlide 9o
nJLMJ UL’)} Lg‘)" pSl? Yol 09...:‘5147 amb (RVE) 4.:5.@.) = UL°J| Ys.o.u 6,55,.;5)&“ uuL,.M U"‘
Slaasr (555 55 4sa oIS 50 41 b €505 sz Glall 5 limss (25T 5 dalr 8 JSS s
3,8 a0 (Kad aiels SO 595wy, S e ulike ;0 (8 Gaw Ll walss o oole lasiin Oy
gl 5 g bl s, 5l eslannl Lo Jodsvs lasee YL uliie jlid) oaims lis aials ol g8 o0
90 Oledbl Lad> o i JS S0l )15 (g 5ladoe e )5 opl s el o 98g S b gy 5l o0

SYobes 50 K0 O)le 4y aiil co Ay 0 D50 4 (wlido 90 0,0 g LSl Lailg) 5 oS> DY oles
g Slp D oo ai8)S Sl o el e g waler 518 IS8 s (Sl Ol Jlie o (Sily S92
5 JHZ p gt GlaasSly b g 09d sal> Gwsle )5 (A5 sbml 4 e Wl (o0 bl (L~
L3S lap i etlowloee 285 Galil jslare ar 03l 30 (Sadpex b g p)58 Grizren 5 Luoe (358
-~ oleond laanT B loy 4 atudly g, )3 slap s cpl ailonds Ll o9 Sae wlidie &Y¥olre o
o g o5 il (Snlns sloosuny I ailiy @ly Giales S g w8 oo S5 50 1) (S piee - Sl
oo = ol 4l o 03 51 el 59 G 6550 )18 pobaie 4 rizmen s oo L)l (St
255w9,S Lo ulidie ;8 00 Fed oole S 18, a5 ol T 008 e Jol ol Lisll censl o0s oalicil
[¥]osl osSug,Sen sliz! Lawgio gl oaisS Q5L (gwyo 4

5 b el Jold oS g0 Lt cnl isdioe Jloel conlie (998w S (550 Laulpd 2l 5o

5o ol odaliee J3, Hlee (6,85l (5 S langie 958 WS o 130 1) (6505 lawgie 39,8 s gl

T (a5 S o 520l |y (g S ol 55 oal oty IS Gl 5 (55 San ol

Sl —alord slaanl elos (sl wieipad S biie sz Glasle il Sen 5,50,
Ao oo bl (Seal Joxlve slase (o (g 00



Yo Jodsin slalasrs ozl o Giules sl

Sl Yoleo g (S s Jo. ¥

S s 18 K0S 5l pogatt alols )0 4S50 )0 5 0o (A b il o) slealY
Sl oy SB > )0 098 o0 Y (o gy &5 >l Cuiles el god90 (nl g 0 slnl Ll (e
o) S Greml pig8 Ay yomie odudy (pl gl co bl 533085 dend 0ole S lgiay g 00l Jalowe &S >
g oe 4185 S0 pdy ATy lase Sy plgin o) SB Gl g s
Sl g Jlws by (Swgn cae JSbyosd gl 550 Jolad S¥olas )55 00 lazme Julow j5late
[o]wiss oo Hlo ataon MlS & j50 4y 00be
Vo+f=0 with fi = —pii+ pb

. : - P acay,
Vw+ (=0 with (fzaCV.u+Ep— ApC.RTy — X, ¢

M

V.J+{, =0 with (. =¢c

b 5 09l oo atd)S Sl 1o sl (08 L Sl e ps (Sl glY (lyz 4 4z b YL SVl o
g o iy 5 5 e dy FICK (a38 5l oolatul b i enigds Jo oole
J= 01— DcoksVp — (1 —A)DVc )
)Lm.u‘ w),.o DC ‘u,...z.o.lb AEQ‘SA QLM..) ‘) Sa) mﬁ! 6;}..\.1;)5.0; u‘)a.ﬁ 45 oé}g ul.:)l.: w),.o /‘l ‘Qi )Q 45
odigd Jo clale g Jlow jlad ol Lol slo s ull 5y 558 SYoles aizn Glhs (5533585 Ky
QJ‘}J‘SA eq.i}.i} J> oole clale aS ol ;Q ul.:Lw ooy 43|)‘ [] g 2B 055 .la.glj) uu).> ‘.Aj‘oé.io)f QL,.:
D9l Aldigh (6 el HLid 1 0l &g @
c= (a/la/ay ) Posmoz ™
D9 g0 et gy Doge d S5 GRS e Gl (i Phe A5 ecd B
o=0 —apl+ a,cl )
clale 3 wgd so ooalin a5 jshiles aiil so oleond o 5 oo By g g cupo @ Gl j0 a8
oF S i Sl g 4 oigd U lime ialidl b ol 5 00 jalls (5 g Jolas alsbes o oole
g co (g5ledoe 3

VI PRV -S| WAV Y

J= objed Do 4 wlhide 90 50 gl 558 DYolae (Kol Jodsie slolass g3lidas &1y
ol b SKanl (28,5 a3 10 (gl a5 WSl e e (iladie ) Sl Sty Sl hg) Cnl 0 )S
s 4 sle il shlse (solpiiy (s, g (g3ladae sgase yledl aSil Langs oole (sla sl plos
Ol 55s Sl 5 (sSms Sn liite 50 4 Al o L &S e (s 0055 (00 Sl )0 1) (oKl g
Sptaw il 4l sln o3 Slewlre LIS @05 o0 Sl 0 ]) (Kol @b &S J e 50 )
iz (gla Sinls 31 aely Ltoles (oS ¥skao aiyn Sl (05 J3a 5 e iz sl o |, oo 530
ol 3 L35 slap 5 058,55 osblay 5 oo (o, 23Ul Jl g el 35 S s ol 0l
S99 = Sl — pleands slaan T3 (Sealins (5lo 4 plin o9 0 1) Slslns EB0 (555w e
a3 oo Wl (Fad oz b 5 o9 Mie)



AN Jodsin slalasrs ozl o Giules sl

ahss jo sl 4 san s cnl jo 00,5 o eolatul Jol ade g5l (Kes I dLiul) en (o
Lo it s 3 4555 a5 55 g5 oo Lamo S (uglS (5,25 U150 b5 wile) s SLe
é}.w‘so w)u Py Syge L (.. 9 )LM.S ‘Uw.x; ‘le?ub J...uLc) 6:5&5;& alags Sledls )l oslazul

u=u+HTe+1

+xTVp+p ®

i~

p:

C+x"Ve+¢

c

E Sypo 4 bt g aed 38y Sle b & by slayitie B 00 41 sla e o 53 45
O 9500 ol 53 (550 e dllae Jo b a8 0Bl oo (9959 S0 (ol 53 Olune polacli (sla it
bogio b ogh oo Jloel b Gl (L3S (595 2 693 clede 99 G 6,5l 55185 jskare 4 30 S (o0
Seolindge s Jyol (ol imizren 05 2lp (95Ss Sle abals )3 Gl LIS L) Gl LIS
99 SYslo i plol (e 5 aBL Rl 995wy Slo abals (55 b (Sl (255w9 e (liiie (5551 Lamgte
g ge Jo ogazme Glall (g, by onus S 185 Glojes (ol

—
~
—

CrSams Lt

~ Sl — plierd cilitie (slagy i 380 (ile and o 1) gy ol sl soue slali

Sl lde wiz (ildoe ae; po o sbrcd iy Gl ol ol Jlagh wied e (LA Sy

ssle ¢ gmdigeo uol>’ LgL:zsj.l)l;.w 39 9, Q—.{‘ 6)15)5 L Sl Giﬂ.[s).x:.m —‘5{“&@ —LS;L\AM Lgl.m\.;il).é
Db ol dee 8,5 00iS anl wilgs o castie (awlid (roy W5l S y0 ol g lul s

&2 yo S i

[1] Mody, F.K. and A.H. Hale, Borehole-stability model to couple the mechanics and
chemistry of drilling-fluid/shale interactions. Journal of petroleum technology, 1993.
45(11): p. 1093-1101.

[2] shams, M.A., M.A. Shahin, and M.A. Ismail, Simulating the behaviour of reactive soils
and slab foundations using hydro-mechanical finite element modelling incorporating
soil suction and moisture changes. Computers and Geotechnics, 2018. 98: p. 17-34.

[3] Sherwood, J., Biot poroelasticity of a chemically active shale. Proceedings of the Royal
Society of London. Series A: Mathematical and Physical Sciences, 1993. 440(1909): p.
365-377.

[4] Khoei, A. and S. Saeedmonir, Computational homogenization of fully coupled
multiphase flow in deformable porous media. Computer Methods in Applied Mechanics
and Engineering, 2021. 376: p. 113660.

[5] Cheng, A.H.-D., Poroelasticity. Vol. 27. 2016: Springer.



J}AMLS\J;\ J\ ad&h\b&hﬂ\ﬁ MLP@}JJ&A}AJSM
e o& ) Uagy 54l by

Y wZ . \ * e .
Gl jooe ¢ s lbde L ple

saSa

Psdiee 4l pldl pe Jaliie Jama 0 S5 SOl sa 8 GBS ) suis (i) lie oyl 0
LaS apdge a8 8 Sl 50 (S e mhao glsie 4 SR L8 (SeilSa s sa 5 Jde el 2
O i e ey Jaliie L L S5 Bl S asdie a8 (5300 5 aon sl 5 S Jalad c¥las
L osbon odliin) CVMae ol da ln Ol e ) SS Uiy ) 4S dsds Juala c¥alae oK
dsﬂu)i_idﬂiu.k:};.«)\ )3@)“ ‘djd&a\))du)ged)ﬂd\.\la\ )J&M\%d})@}bﬁ.};‘«w
e s ollan (sl s 3yl 5 Sl 4y (adiie Y8 Juad S 3 (s S (Sata g 5 2580
i e 8 d9ane ) e AR ) isy 5 dsdiee eali) 4Bl L 350me gl a) Gigy ) E¥ala
A8 e A ealdiala ) e J& Sl S0 () ) o 43 ) e S S5 o5 iy

ety ol L gy oS shly iy el oy 3 gane (5l ) coinn (S5 ¢Sl g S5 0 5158
2l e (185 T

4adia )

L sla Suss dlay) ) oS (o dsi b (adaus ) sy Gl Slioue S o seie
¢l ) QS (e Sllee 65 il b anle alide Cilal gl Jibn 5 308
L oadlagl (sla Siusil ) o dle 2580 a0 S i (e B 533 gl At
Jalas d\ﬁh@%d&h&_mudl%igqsq@uj\aﬁg}.ﬁ@@)ud&ﬁ\Lg\)gsh\)@\.q
Sl nm (slacS i it (sl a8l Sl 5 st ladael ) (i Sl ae (slaS i
G55 5 sl A dau g Culgin 4 e )0 Sl pae S5 i Al da )1 sl
G0 Os® Oline ) 5k 4 81 a8 Al [3] QS 5 Gl 5 [2] SIS 2 5 Lansi £ ([1]
lline )0 S5 Slsom QusE So a Qlel o Sas) ) (4] WSee S Gt gladsel
e 2 gna 5230 gana (53 ye Jal il Lo (5 e JT o) an i (Ras 63 g

oadoaly Az gt lilad sladasl ) slacun gana o ade 6l Sdgpan Sy sae gkl
Chmn (SalSe 5oue slags a5 S (Sam b (ladudia b il gae slagis,
) oad b DS (SilSe 5o slaaiann b)) Jaime (5 s ale) il sla IS aiad ala)
dile calite o glahs) coald sk 280 I 0 (Sl e S Al
iz 5 (XFEM) 4lran 5 3 sme lall Gis) ¢ Gle 92 s GEs) ¢ e Culiualy jualic
G MO Uis) ¢ (AES) (o 4Bl 81 (35S (g ) 2iile Al gy Jaime SilSa o (i
Allsadisalaic) ‘SS\TJJJ.J:\A CausS L AS)S )uﬁ.\\ N Lg\).\ Saaling

J.Jd\ﬂuuh“);(\) &"_1)}\44445&'_\“\ aﬁmﬂ)m\wm%daudj;ﬂ})dz\hw
5 S5 pshe 4 eaddlee ) (Slsou 5 (SailSa sla b dilb 4 Jame JSG s (1) Jalite s

. . - - é - . e . . . e . \
a.varnosfaderani@gmail.com ¢} ) ¢ s ¢ g5 oils Ol yae (pudign 0283 (I paldas 53 ) 5 (5 )i Lia jle
J e oy 53 ¥
.. . . . e B Y
gatmirib@yahoo.com ¢4l ¢ ) ey ol 5 Jy (oediga 0385 R 50



oy Jodsis gladarms ozl (Lo ubos (sl

ol Glallag cdald)l 3 355 qu.\:‘u.:b Jalite Jama 4 Gl 5 S alaiel 5 Jlws gl (V)
208 DB il 250 B s jie 5 (S 3 4w 0l b a5

Jalaie s 53 Jw gl (O

‘L}SM@)LJ J\ .JJ\&"_\JLK;“\SC_\;.»\ adﬁd\;ﬂ\dﬂ;fmk:\u)uﬁ)hd:\m;ﬁg‘)w@)hm
GVl ) S () Jalad Y slas sl 4 plai 50 o i daglae 4 plat 5 (5 800 4y
Ol asdie 4 5 S e o lite gl Gy i dals dads) b Jalite dams
Bl 50 asdee saldiul o)l C¥alea sl ) (s s DIS (5l L) (Saalind sa i
1 adagpe OYalae dsde gl Sy Sae e 3 k) OYalae 5 ) 0l B (8L
30 S haslae 4l dle Gy Gl u8080he S ) ealiiul b 5 Ske (alia
gl 1 ol ¥ alae 3 S5 ) Ol L8B4l 5 Jaslie (s ylai 1S e S 5 1) g
Lol 3l abse sfus Sle EValae ()5 Cud 4 Gl 5 WA drns o sSu Saa
A8 e U8 (o Sy Sl s Laitsa (5 ) Y alas 28 5 R8I

S Gl e G gy Ladg Hlay ) G owealy sl n e S8 L IDE Al sladas JJ
d;j;.mk.\MLfi_uLuJ JL\&J g_\.u\ MB)SJ&MJ;];.\AL.\M)(:SB Lgu(:.u.u&a uéuu
6&)&)6\ﬁ\m6‘mdukjlquwu\ﬁ[]Lg)gms.k;a);&\gu\h\s;i:\m\ﬂ
e ) [7] Y2 5 e [6]a8 00l dru st Silin) 4nd ayl 58 0 Jhd e 5 o Sileaals
Alla o amy Jae o) i S Jae JAIAS s Al mdan Ciy 8 b ) pladl) Jalita Jasa ledas
[98]uéhwy&hg\ujag\)mhuh;@u@)u}\ﬁeﬁg&dqmumyh&h.m)c
O 58S il on O 08 8l Jlad e L1 dae Gl [11,10]00 05w 5 G liusi )
cdum‘@)\);}@\&agu)hum&hu\}cd;l;.\ak.\u)dd).\)b.\;\@)bﬂ.\u&\)u\
S S

S b )y Slu 5 (SalSa sla b I 20 IS s (Y

sy 5 sy (hs) 1280 A eiiuld e S5 Cash ol 238 sk iy 50
).1\]1.1 L;ut_lSA B Lol ‘.J.\}uL;u ngb.ud.l.q T J}Lm ud).\).u cm):\g U"'}J B m):\:\h
Mdjum)uhwjjﬁqdu)bj my@cd\duwum‘)mumhj&»\@dmjm
u\.u.\\JMM@JJ%L\\}\@@@\;U\J&A'JJ\J.\M&J&@}\&U,\@)#\}@)
i) 5 2iSn aulia 03 ) AS 5 OS plual S ) Cana 55 (sl o sl sk | 40 ks (ol 4S e
S sl Sailsa (Ko 100 dgas Al el 3 S0 0 Sl 6 ladae ) o laitial
sl odigen S5 Jae g e s 502 5 (LEFM) oba

ailaie G 0 4S 23S e ) 35 s Kin sla KiuSs ) ) Jsd Q8 sla S LEFM
Cuald 38y ety il gad Jlacpllh e a3 K sanli K5 S gsla 0 sl aul B
q.\.\bs).\amd)idu ﬁiq)aj;aﬁﬁu).\.d.\g_h&a_ﬂGu&ug\)bd)’igﬁ)}gﬁg)lud&&
“\LJ‘J;SJ .JJ‘.J)S)AJ‘.J.\.\SL#M);.I\J@\Jb@mhd&aﬁuétf\ubfmu&u\m
u\S\A\A\S.J}uL;qu;)a;cj}édu)hmd)adygjh@m)qgjﬁd@\Lg\).\ume}
p i Adm) ) S O e €255 a3l 50 5y A8 ) 8 ) oS Al 4l ) Sidly Plaeal
4 oSl ) 8 saali 5 (5,8 U B R Sl 0 b ) (Saiien (55,848 3 S iy et (Kaisd
Ol 2 AS aghice a8 KI5 53y Aud cdi s Jalaie T clail 50 283 e disn S 5 Al 3l
o3le Sl S 0 (Saisn (558 g odle « S sk O losis IV ) AU Gla s
a3 )

Jalaie Jama 4y () €l 5 S i alaial 5o s gba (F

3y Al sl 5 A s (5183 S5 (61 s JAATe bame 50 Jow ls (610 Jae i

¢ e a4y 023S) y Jaalia slacS iy ) LS‘MLS‘):’L;’F@C‘-"&)‘Q Qi g s J2e 2l
23l mma i oaa g Olioa dUS Olsiedy S5 S i ) Al lida aS s
S5 e Jlm o sl r S sy 4ok ) ealdind b Vsena S5 ANl 3 gl s
o dail s il S5 S Gl Ablae 0 gl 3 S0 (55 m GaSe 5B Dl 4SS 0l
e [12] anaSy JiJS Jae 28 e dagi ja ot 43 1) L8 ol R 5 S5 (e 48 cad Jha e
Bl 43 Ol sien 1) SIS Jae 2800 Jae 1) Jaliia Jaina Jals 4y e QB LG S 55 g 0500 Gl



vof Jodsis gladarms ozl (Lo ubos (sl

alza quy)hb\)dﬂaﬁahuﬁu v [14 13]u‘)\5\AA}aJ)3L5)5\)J$\ J\Jﬁ.\aﬂ)ﬁa T
@u)u\ﬁub)\)dm 4Sma)sua}uu\ JJJ)SW\AA&S)&J\)L\JJ@LA?P&&
Lo oSt 50586, e [15] asd 5 2 idene ol S5 dsha ) lapa allaly Jow o
B2 S 8 yme O¥alae 50 1) adla 38 QS Ll ([ 14,13] 000 apeni & 38 o8 8 jhs 50 Jlad
s O [11,10] O ASwed 5 (S lduagiy 5 03 )85 Dl 52 1) daliie e e 2l 5 (i) 51500
Ls‘)JL;JALAu‘JJJ)SBJIASM‘ML&MM&)S}@}LJMW\AA&‘}LJ‘JM}bJ}SdJ
o5 AT Aallas il 3 2 Sus )y ol a0 S Al oa e AcS i Jaldte Jama e £ g sk (ba

Sl

O a3l 23U (S cpl Gl Gl ey sdmy s a2 S (Sl S L)
Sl s 4 Spaie e Dl pd 5 oS5 S5 (Sas 50 a5 gl R el s and
S LY sara OV alea cpl 30 G 4o ) Jhad e SHlSa 5Hua VAl ) lde sene 4S
bl a8 ¢ asaaa glal) gy 0 L sdee da Gl -Giss sy ke (5SS Gy
L 3500 (sl al aule G )2 slagisy 3 ASHa ) €2 o il (ki daaa (S3b (le O S
Sl g hadae 0 Gha e il pd i ade o) aile e il Sl A8 50 e catily
S S i (S o il (e (53 S 3y e sdle il Ty 3 g o) ) sy ) ealiiad
A St 4S 3 gdn yade ey o8 S el yd ) 0 2 s8ie Asame el (oS i
[17] Ss 53 5 08 [16] 1€ s gl i Ly So e S5 B8 b 5 S5 5l pae
Slas pesdle Y seaa O (Ko Ol fedr | S LN gl ¢ lia (Fla ) o8 b il GG )
SIS Craglia bl S S o i a8 ia 48 xS (g b el da S (i 8 i g3l )
DESHa JeSa adalae S 1y oSl HLETI Cd gana ) ) 25 500 sla 4 ladl S0 S i cadlisala
(NS a Ly aadiy S i Sp Gl plal S Glae aS i 3118 8l 50 J sene Y alae s
RO Gl b OB GLOIne G il S 5 Ad ) Gncin o) p ST S S
23 o Sl el p o Ble [18] atiud (orimsa sl Sl Jicailia el Sl 2 Al
Bl gige S S 5 L (g e b dgie 4B Rl ghadia G sady S il
0 O b dgalse ) 4S apd am £l ClValee dlas )l Al S ) siea
A g8 sla 5ali 4l 5l

2 gladl e Jaliie Jama (SolSias s se i U Chna i o) 08058 a8 Jae Cad S e
D s bl g sl Jae ) 0 dea Li 3 & el 8 saldind ) ge ¢l A g L8 Cilallae
SI8Y i) e gl ) <S5 S5 0 dtidl coditea <S5 Jae Gl sb e a8 £l
[19] 258 a e Lo iSn 5 G5 Jiba 4 S 5 Jiiia 3565 31 5 5 ska (51 1) ol i co 538
JIS 4 i (iagd ol ol Cima 4l gl (KuSl Gl hal 0 Lay 5l L aS 0 gdie (a g
}@&epgmddwwy)bhuy.JLuuﬂ .J}usad;l;.mk.\u d)u.\.\tg))\}@u
e);@bn)g_ﬂ).\.\:u g_\u‘emd.\&uuwm}djeﬁdm‘ddm Jy@@uhad)d\)b\)&)}\
Silse Ol e (e\J\uh);)@z&.qhd)myu)ﬂﬁua)ﬁhh)ad)d\m\J.Jg_a\uh);}g_ﬂ
5 S (sl ¥alae 1K) JSE) 40 S0 Jaime 5 S5 (S (510 Jeala (Sls s 5e 5

A e A jie | aSla Y alee 4S5 08 e 4dlal (5 55 a0

A S L G Slde sl (e e&ﬁ/j s O sl eallie o) 528 eyl 3 Sy
Gl % s 48 Sa i fSa sS () a8 dia ) e o8 S sy Sla) a8 i) )
Wﬁﬁdﬂ)@&b@)\)\w“ﬁﬁjbﬁﬂg‘) Jﬁ@\“)ﬁ;ﬁ@u)gueﬂ
JJL;ANJIS&SJ}JJJU‘JMJL;M‘ ).IS\.J; Jy@a&\);&;ﬂ)&&d.ﬁd)‘ﬁ})d
e 5 dsl DA dl fie e goale (LAIS Cuaglia ) id Sl a4 S e il 0l i
D1 e o8 e lielal S5 Sgi L pladl dges e jes i pdn 5 eale (Kl i i 4
< Rar Lg‘}é;ﬁ@\ﬁ&cdjda.a)d@u)egJJSL#UM‘\SJ)Q@)QA}S&\A\LJUU»LJ
d;«suu\GAMd}JM\ou J}u@cd\dc_\mquuguuMJdé‘w‘m
U‘”)SL"‘)“‘—‘MM““S"L;-‘S}JM)‘)‘M J)u\McMuBJJ\@LqJEISJJJJJ
Jsan L3 (sl (e o8 o sy S ealiiad LWL o 0ndi S5 ol ) S 0 s ga (oui ) 2 (SMAaa
o se odalindy il ) (JAlAS 5 a5l g ladl s )3 (i el by 50 S 0 sdice Jlee) S
S8 A



Y00 Jodsis gladarms ozl (Lo ubos (sl

[1] A. Zheltov and Khristianovic, "Formation of vertical fractures by means of highly
viscous liquid," in 4th world petroleum congress, 1955.

[2] J. Geertsma and F. De Klerk, "A rapid method of predicting width and extent of
hydraulically induced fractures," Journal of petroleum technology, vol. 21, pp. 1571-1581,
1969.

[3] D. Spence and P. Sharp, "Self-similar solutions for elastohydrodynamic cavity
flow," Proceedings of the Royal Society of London. A. Mathematical and Physical
Sciences, vol. 400, pp. 289-313, 1985.

[4] J. Desroches, E. Detournay, B. Lenoach, P. Papanastasiou, J. Pearson, M.
Thiercelin, et al., "The crack tip region in hydraulic fracturing," Proceedings of the Royal
Society of London. Series A: Mathematical and Physical Sciences, vol. 447, pp. 39-48,
1994.

[S] B. Gatmiri, "A simplified finite element analysis of wave-induced effective
stresses and pore pressures in permeable sea beds," Geotechnique, vol. 40, pp. 15-30, 1990.

[6] B. Gatmiri, "Response of cross-anisotropic seabed to ocean waves," Journal of
geotechnical engineering, vol. 118, pp. 1295-1314, 1992.

[7] B. Gatmiri and P. Delage, "A formulation of fully coupled thermal-hydraulic—
mechanical behaviour of saturated porous media—numerical approach," International
journal for numerical and analytical methods in geomechanics, vol. 21, pp. 199-225, 1997.

[8] B. Gatmiri and A. Hoor, "Effect of excavation on the thermo-hydro-mechanical
behaviour of a geological barrier," Physics and Chemistry of the Earth, Parts A/B/C, vol.
32, pp. 947-956, 2007.

[9] B. Gatmiri and C. Arson, "0-STOCK, a powerful tool of thermohydromechanical
behaviour and damage modelling of unsaturated porous media," Computers and
Geotechnics, vol. 35, pp. 890-915, 2008.

[10] A. Varnosfaderani, B. Gatmiri, and E. Haghighi, "A model for moisture and heat
flow in fractured unsaturated porous media," International Journal for Numerical and
Analytical Methods in Geomechanics, vol. 41, pp. 828-858, 2017.

[11] A. Varnosfaderani, E. Haghighi, B. Gatmiri, and S. Na, "Investigation of Climate
Change on Unsaturated Porous Media via a Discrete Thermo-Hydro-Mechanical Model,"
Applied Sciences, vol. 11, p. 7617, 2021.

[12] R. Carter, "Derivation of the general equation for estimating the extent of the
fractured area," Appendix I of “Optimum Fluid Characteristics for Fracture Extension,”
Drilling and Production Practice, GC Howard and CR Fast, New York, USA, American
Petroleum Institute, pp. 261-269, 1957.

[13]J. Réthoré, R. De Borst, and M. Abellan, "A twollscale approach for fluid flow in
fractured porous media," International Journal for Numerical Methods in Engineering, vol.
71, pp. 780-800, 2007.

[14] J. Réthoré, R. De Borst, and M. Abellan, "A two-scale model for fluid flow in an
unsaturated porous medium with cohesive cracks," Computational Mechanics, vol. 42, pp.
227-238, 2008.

[15] T. Mohammadnejad and A. Khoei, "HydrolJmechanical modeling of cohesive
crack propagation in multiphase porous media using the extended finite element method,"
International Journal for Numerical and Analytical Methods in Geomechanics, vol. 37, pp.
1247-1279, 2013.

[16] P. Moonen, J. Carmeliet, and L. Sluys, "A continuous—discontinuous approach to
simulate fracture processes in quasi-brittle materials," Philosophical Magazine, vol. 88, pp.
3281-3298, 2008.

[17] T. Hageman and R. De Borst, "Stick-slip like behavior in shear fracture
propagation including the effect of fluid flow," International Journal for Numerical and
Analytical Methods in Geomechanics, vol. 45, pp. 965-989, 2021.

[18] G. Wells and L. Sluys, "A new method for modelling cohesive cracks using finite
elements," International Journal for numerical methods in engineering, vol. 50, pp. 2667-
2682, 2001.

[19] R. Borja, Plasticity vol. 2: Springer, 2013.



SibwJow gyl Julay gbyassl s w)yp

* . o
olens g
R

W58 oyl Gelore Ll anily Bolass 395 4y |y lidons azgi g ks JBil g sbo g, 5l S5 Olaie 4 g ls Lisla,
FB 556 4y g il Ol 36 5 910 B Dlads slawd 5l adally a5 wil oo col Ce b g ls (2 )05 2,5 ailols
wSlid slos Shoe @y o5 aBb e (2L 29290 Slaoe 1 Sl (55950 0355 ol 2 Alie (pl Bon vl (o0 (255
Ligd o gty did ol b g o) (gdshimadigh J,uS glaailols 4 a5 caiil o 5Kl gyl (53Lwol;T oo
Slaboles gl Cavgy 10 poudy ialo 3 g sland (213STg ol pen gl Lula, slaailele 3 )b 5l g ls el g5l Jas
3 6598 S pie Y Cuadse 5 9)0 e S p (i Sl (2b) Jde g Sl odd oy gy Sl gl JUE
Gronhy i yle Giulu 3 oz e g o Olynss (28,5 a0 b oads &l o .ol oays )5 &Ll alasd (o o ailel
Sly a5 el gla sz @l T Jool> sl oads > I g oS I g, 5l ool b g (Lot des & jpo 4
Ol gl ams oo s 1) ilel o ,Shoe o) 5 (53985 S i Y Comdge 0ads b, (59,18 e gyl iula ) ceyu
Solo cdale 53985 oo 4 STy ey Cob s (381 L ouls Loy (59500 (liae g 9500 Lialey e s ST B0 oo
9l Aol Cale g 39k o o 4 ASTy S e Sl s 1AL allele 5 Ses (o) mizen il (oo RIFT 4l

i i Ty b 55 5 05 IS g, o 1) Jao S e 0lS

doddo .1

Oile,y CoblB aS ail so (g yendy Gloalbols Cole g (658055 ol 5l eolainl Sluyg s g slo g, 3l S
Uiole ) ( So5edaid SVl 5 ST L wles 1 o ‘5)|a Olay slrailobs i 1o 1) (o lasme [ g5ls ool ]S
o 5 (g Sladeivne bl 5 oaiS (oo pune |y (Vs 0Shee (o 5 Sl g iy BB e b gl (2,05
~ «5dgim0digd S 09,8 du & Ailgi o Lol anlb w4 az g b greedy Gule Sl gl ule, o Shes ey
1 59 gonail ol b 5 o9

O b 451 Jol tadle 65 cols Cownl 5l aiil oo iole, S b bl 0 a5 Lol sl Jow cqz 50 3
Bgber $xSolr Jled o5 580 Slagalejl plasl I pedy 0 eaigh > (s3985 515, (59, 3l gyl ule, F5 e
9 O o oad by (gg5ls lade calitre slaley jo Jozme 10 5,10 580 CosBge aiile g lo Giula ;) (SG5d o Slas Logo
238 oo (pdg, o2l Jde 59,0 Linla, Sl ol> slosls ool dunlie aliwss ...

Sy (Joo S oo &l oas J S silela; sl |y o 10 5 mie 22b, sl e [0 09290 meplan dlas oyl
ol d3l)] 3515 ddie )0 (6 yeuds oo iulu 8 g oliend STy ol jed (g pendy o yle gl Liule, slbailele

( shivadehghan.iut@gmail.com )|l \baol (leaol cxio olKails ¢ sond swaige 0aSisls) :

1 Drug delivery systems
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1 Bufnov-Galerkin
2 Fick’s law of diffusion
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