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Prediction of Permeability of Fractal
Porous Media Using Monte Carlo
Simulation

Mohammad Nakhaei'!, Majid Altafi Dadgar’

Abstract

Porous media such as oil and gas reservoirs and
groundwater aquifers, are highly heterogeneous. Modeling
flow and transport in such porous media depends critically
on accurate characterization of these media. In the present
study, permeability of fractal porous media has been
estimated using the Monte Carlo simulation. Using the
results and measurements of previous studies on some
sandstone samples, such as porosity, fractal dimension,
limits of fractal property and intrinsic permeability, by
applying a Monte Carlo probabilistic model to produce a
set of random numbers between 0 and 1, pore diameters
were obtained. Finally the sandstones permeability was
determined and compared with measured values. Results
showed that applying Monte Carlo simulation had no need
of empirical coefficients, domain discretization and only
with a few laboratories measured parameters one could
reasonably determine the permeability of fractal porous
media. A strong correlation (R?=0.83) has been reached
between measured and calculated permeability values.

Keywords: Fractal dimension, Monte Carlo, Permeability,
Porous media.
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1- Fractal geometry
2- Self-similarity
3- Fractal dimension

s 2l sbolyl wile Jadss slelae
bl bz glaulde Job ,o s 5 5 b s
5> JUEl s Gl sildae gycnl j s ool sSKeals
@ bame lst 530 oy 4 S gl o
Pl el ams iz o o)ls Wil oSeal @ » ok
5 el Sl s 3l base Jlssl 5 L2 (55w Sl
9 FB) Cel 485 )15 g0l e x5 090 Ll 2
Slo 5 G5 (1884) Len § 5 (VIAF) ypmnsls
(Yo%) o) Sen g g (Y2 +T)
b o Jal 5 Gl 285wy Sl ol
ey g @l ol ple s Ceglie wile SRl
Lo (o5SwgSee slajlisle b (Soop alal, (Sossly
(7S P9y A Sl (e (ol iz ale e
Lo S peens Jbod slagt; by so0e J> slaty,
HBly Sl baome (99Sy See LSl Sl 4 4z
gty b (arme iz (olst ot ol odizmn Lo
5 2 by, axcnl 3l e walyd S Ly elos
Lo ol Qb)) Sur 025 sleyloges 5 clys )
Ok sl @28 GrSeilal gl (235 1 Az g 9)5e
2) o plnl ol bwg RS Lee )3 65BSS
b ol 5 G565 Sldllas s ol 51 (V<< A)
5 Sopd Dyge giBaz 5 GBS Gl sl JRle
ot {OVAVY) o) ael Cewds ool oy sla e
S o3l ((VAAA) &ja95 9 Jol ((1220) Sbgls (1240)
b S L laylages Glbail pulul » Yeens (05205 lo
ol gl e JEslh g 0l el g Sl ()25 b
S S5 pobkiie 4y 05950l 398 00 43S ool el ol s
Pl sl Gl Jo (e e 5o (b2 el
Gl azg 090 JRlRie bame jo Jlaml 5 oL
wdly Jklice Lo o dilie el 425,815 Slazadils
A8le) ojlasl Hhas sl glos S s aisls slls wilys oo
il (rogil > )3 Sz9S Sl 5y 9> 50 Syh e
o LT 51 (s s ) el (Sas B8l (il rizeen
WalS _adly Ly o ddlie S LS00 G 51zl e
Ayl e caims LSS olge g8 A4 (Sn g Dglaie



VPR (ylin Y 0)lad ol Jlus (53995359000
Hydrogeology, Volume 1, No. 2, Winter 2017

Tl B0kl &30 &0 55 (25 S 5 s Sl
S5 (§ pdydgis ¥+ - 0) ) Ked g g aibco Ll 1) b >
I, JB slad g o 3l onss JSCas JUS 3 Jodsxie Jaxes
W}A U’“"j) )l oolaztwl la (1Y) c\.‘lf5o O Hygeas U] @)34 aS
aox s,y 5l eolinul bl Ll sl sy Sgl8
Jaie )5 Coge (gile i hg, 5l eolaiwl b e
(VoA 32 g 95 o ysl Cewdy |y lanme IS (500358
Gl oo JUS )8 anaie a5 wleols lis o095 Silalae
) oot bamme o Jl (olos 9 by Jebod ity
dwbre JUST8 gy 5l oslanl L1y gldl 8 oo s
G e P Sige ile et (g, ) Wl egas
Sldllas jo 00,5 colatul Jalve laow o Jlb glas
dle Cpx> (JUS S b, 5l andS 0 a8 S o 50
el g S cllgS e gyl (s
Ol s o cwl suls ol Jzle laoee  (SKJg 000
mdwbre b s S (S yuie e el il eess Sladllas
Lol a8 8y Oyee S Ol ojlail a5e8 JUS 8 0 s
Sibo aeed Sz T Si9e g, 5l Sldllas Gl ) (S
Sl e Jodsene e jo Sl ojlail Solay a9
o.)9.o.§ 4.».....:[7;@ ‘) L:.».?oe U"‘ éJs)M 6[.6).».4‘)1.: 9 oolawl
Cuzx 80 by, LS ol hegh o
SUS B Jadsie laxe jo A8l Hhad ojlail au 598 (o 5lwdns
S e pddsa ol o el oud sdizin Siwanbe
GrSoslal polie by ond dacwlbre Kiw avle sladioes
el 00l ds lie o0l
9l Cige gy (oo, 0il g (JUS 18 wludly) (Sl
o (JUS 58 2)l5e e Sis oV abal, Billae
o Ol 0B 5l Cons 5 605 ojll elide b a2y og:
b

M(L)~LPr [¥]

5- Monte Carlo
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1- Box-counting
2- Power-law

3- Porous fabrics
4- Bi-dispersed
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1- Koch curve
2- Sierpinski carpet
3- Statistically self-similar
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1- Tortuous
2- Image Analysis
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1- Scanning-electron-microscope
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