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Elastic modulus, kPa 6. €3
Poison ratio 0.4
Density of soil at stc, ton/m? 2.0
Thermal conductivity,kJ/m C sec 1. 15
Specific heat ofsoil, kJ/kg C 125
Thermal expansion for soil, vol/vol C 1. e-6
Porosity, % 30. 0
Absolute permeability, m? 0. 46e-11
Residual water saturation, % 20. 0
Initial water saturation, % 92. 0
Density of water at stc, ton/m? 1.0
Thermal expansion for water, vol/vol C 2. le-4
Water compressibility, 1/kPa 0. 43e-11
Gas viscosity, kPa sec 1. e-6
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Elastic modulus , kPa 1. e7
Poison ratio 0.3
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Thermal conductivity,kl/m C day 4. 5e5
Specific heat of soil, kJ/ton C 1250
Specific heat of water, kJ/ton C 4000.
Specific heat of oil, kJ/ton C 4000.

\44



YaA QU..MQU ¥ soslos ¥ 50,90 ol SuilSogs Gn.l.c 4ol fuad

- el cnl plaie mjes Bk (35 50 Oyl myes
Lglelasm Lo, 0 50 oad al)l Jow lles KLy wlgs
S od -V S 50 a8 48 e bl odyony Awain
S G5 ihe G5 pRelS g Lad Ghaldl S s el

! 00 '3)53

48,5 )18 Jeloi 9,50 55, ol Do o Lol 550 550
O OB e g gl azy0 5 )Lid (> me8 ol
el 0ol ool (iolas VY IS 0 5,55 el 59, 40
Sleziwl,d (goae Sllug ael sgzga 3l Ol | cyo
kol Jole Gidn oasay oS wiloads Sl g920 4y Jow

0.005 0025

O S s -0

gldlaz 0 595 -z

B335 395 edlxdy 30 (350 JSb puatd 9 gLl dzryd LS ()l 2ajed Y S

e Gl ol s s 5 b o el o 53
VY ) o ol iz gleglaslas o o il Lol
Spddehs ke Plax> a5 Wl o Cawots 4l opl O
a0 ooz j0 g 009 LA glidlaz )0 lawgio o
s 0,18 o SelS (gais, 53 7AD B VYD slaglosl
gLl a2 55 sy 5 BB U g aball S e f e b

D9 puedlys jLad iuli8l sals TAL 4 Ol

\A4

a5 |y @38 S it 5 Sl i jLid Sl pss VY S
Mg Jore Sud5 5 (3P bawg (35 Joe Susze S
Hlid a5 w0 e olis IS ol e s Giuled (US)
o 9 009 Sl (e By 5l alals pa 53 (slo i
e al53 ] o 5 ol 155 UL s oo a1
Araazrs bcwl )50 abiia ol gz (e
Lol (952 2ol g i 5 o Jlow 55 (55,3,5 b (5,8



g Node 70

€ 2 -

£ Node53 ,,..eee*®

o .....ooool.

f_‘-" .o’...

2| 11 Node236 _ o w=

o - an e oo a» e» @ = &

g

B

Q o

> A% L] L]

-10 10 30 50
Time (days)

S 9ok (33l (Sillog yaup g0y suuid (63w o

op

el sk 59 3%0 UG 1 (5 1 050 e wslo i HLid Sl e PSS

o ploeil Sguzee syl adas 4y J iS ploes| bas 5loals
ovgy leslawl b loy aigy jo Y alre (gjludinad o]
@ argi b ol 0ad plowl e SalS sgasme M5
G 6 5kw s jleoads @l )l O¥olae ayuls oz 8 conle
w‘ W) oolaw! AW C)Lo‘ u9.....9|) L)"?'“" ‘)45)
iz sl Joe (pl g 00 plondl slag sluat
OV jLid oo pals Jaw oo oo lid e ls aius
ot w9 &l O Sl 5 sl
ez Gilodse 1o Hlugs (e Blas gl 5 auled oo
b Jolge ay Comnd Joo Sl el Jlows (55540
P93 HB b g osd (w0 5 45D S S oS

© Node
o p
g 6
P Nonde ....-“
2 |41
3 LR R NN NN NN NN} Node236
Q.
e 2 -'----------—-C
5]
a
-10 10 30 50
Time (days)
T

sbdae ppad ;3 welr gy Soodlie ol o
Joe oGz 08 Al Sl
CebBl (Koo ojlbaiz lase 61y SilSag yomge 5
WSl SYolae g oud &l 515 ¢ s iloe jo (65,15 @
C¥oles wiS > g0 by, 4 oae el & ygon,
Lo )18, (58 Lo bglie 4, lai slosliul b Joo
SlofSd,ms lp ot JledS Do 4 b
iz o 4t los s Jolss (5,9 bs S8
5 axiliogzg dalr 55 Ol 5l ez Jols Joae (al )
O PRIPUEI SN RCIF T E RS [ ST IRV P E OO
CnS SYolae Jlail cons &3l SYoleo (go0e > 0

&y

Biot, M. (1941). General theory of three-dimensional consolidation. J. Applied Physics, 12, 155-164.

Coussy, O. (1995). Mechanics of porous continua. New York: Wiley.

de Boer, R., & Bluhm, J. (1999). The influence of compressibility on the stresses ofelastic porous solids —
semimicroscopic investigations. Int. J. Solid Struct., 36, 4805-4819.

Taheri, E., Sadmejad, S. A., Ghasemzadeh, H., multiscale geomechanical model for a deformable oil
reservoir with surrounding rock effects, Int. J. Multiscale Comput. Eng. 13 (6) (2015) 533-559.

Taheri, E., Sadmejad, S. A., Ghasemzadeh, H., Application of M3GM in a Petroleum Reservoir Simulation,
Journal of Petroleum Science and Technology. 7 (3) (2017) 33—46.

Fouladi Moghaddam, N., Matkan, A., Sahebi, M., Roostaei, M., & Bagqtiari, H. (2010). Subsidence
monitoring of an Iranian oil field inferred from SAR interferometry. Land Subsidence, Associated
Hazards and the Role of Natural Resources Development, (pp. 299-303). Mexico.

YA



WAA Ll ¥ goslod o (50590 fati SenilSiogs) sole (gaolifuad

Ghassemi, A., Pak, A., Numerical Simulation of Sand Production Experiment Using a Coupled Lattice
Boltzmann-Discrete Element Method. 2015, Journal of Petroleum Science and Engineering, Vol. 135,
pp. 218-231.

Ghasemzadeh, H. (2008). Heat and contaminant transport in unsaturated soil. Int. J. Civ. Eng., 6(2), 90-
107.

Ghasemzadeh, H., SanayePasand,M, Modeling of oil transportin porous media using multiscale method
with adaptive mesh refinement, Springer Series in Geomechanics and Geoengineering (2019) 475—
485.

Ghoreishian Amiri, Sadmejad, S.A., Ghasemzadeh, H., Montazeri, G. H, Application of control volume
based finite element method for solving the black -oil fluid equations, Pet. Sci. 10 (2013) 361-372.

Ghoreishian Amiri, Sadrnejad, S.A., Ghasemzadeh, H, 4 hybrid numerical model for multiphase fluid flow
in a deformable porous medium, Applied Mathematical Modelling 45 (2017) 881-899.

Hassanizadeh, M. (1980). Macroscopic description of multi-phasesystems: A thermodynamic theory of
flow in porous media. Phd dissertation.

Hassanizadeh, M., & Gray, W. G. (1980). General conservation equations for multi-phase systems: 3.
Constitutive theory for porous media flow. Advances in Water Resources, 3, 25-40.

Hou, Q., Zhou, Z., & Yu, A. (2012). Micromechanical modeling and analysis of different flow regimes in
gas fluidization. Chemical Engineering Science, 84, 449-468.

Lewis, R. W. and Schrefler, B. A. The finite element method in the static and dynamic deformation and
consolidation of porous media. Chichester : John Wiley, 1998.

Li, B., Chen, Z., & Huan, G. (2003). The sequential method for the black-oil reservoir simulation on
unstructured grids. J. Comput. Phys., 192, 36-72.

Lo, W. C,, Sposito,G., & Majer, E. (2002). Immiscible two-phase fluid flows in deformable porous media.
Advances in Water Resources, 25,1105-1117.

Marcondes, F., & Sepehmoori, K. (2010). An element-based finite-volume method approach for
heterogeneous and anisotropic compositional reservoir simulation. J. Pet. Sci. Eng., 73, 99-106.

Pao, W. K., Lewis, R. W., & Masters, 1. (2001). A fully coupled hydro-thermo-mechanical model for black
oil reservoir simulation. Int. J. Numer. Anal. Meth. Geomech, 25, 1229-1256.

Sadmejad, S.A., Ghasemzadeh, H., Ghoreishian Amiri, S. A., Montazeri, G. H, 4 control volume based
finite element method for simulating incompressible two-phase flow in heterogeneous porous media

and its application to reservoir engineering, Pet. Sci. 9 (2012) 4 85-4 97.

Sadmejad, S.A., Ghasemzadeh, H., Taheri, E, Multiscale multiphysic mixed geomechanical model in
deformable porous media, Int. J. Multiscale Comput. Eng. 12 (2014) 529-547.

Schrefler, B. (2004). Multiphase flow in deforming porous material. Int. J. Numer. Meth. Engng, 60, 27—
50.

Wang, W., Zhao, S., Shao, T., Zhan, M., Jin, Y., & Cheng, Y. (2012). Numerical study ofmixing behavior

va



S 9yep (53l (SeilSeg yaud goyi suudd (5 jlw e

with chemical reactions in micro-channels by a lattice Boltzmann method. Chemical Engineering
Science, 84, 148-154.

Wei, C. F. (2001). Static and dynamic behavior of multiphase porous media: Governing equations and finite
element implementation. PhD dissertation.





