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Fig. 1. Left: Micro-CT image of a rock sample from Lhasa;
Right: the corresponding pore space extracted from the left

image.

TEALBR LS |, B A — 35 i1 55— AHSR
TR TERER, AR R PIUBRIR A 2 (8] 37 B8 2R B A
JO7 AR AT, TR ] ] B A b Ao e e e 1
s Bt Geit A, R A BRAE i R AL
(4, PR3 4 B A pR AR E s — SRS R

RO, AR HNRIT ], A Wit
1M w(t). AR SCAR % 18 R T REAR SR 19 I 3 45
M Lévy AT 67, B M AL BRA B A7 7E 20
TSR GBI, A5 th B B B O E . PR
e i e I AR L T
TR Fg— B e B, s — e A BT — e
B, 20 B B2 B S, A KA TR
PR S 347 OB — R BB R 5, TTAEAT
TEXT T B0 FLBRA R 3 R a2 1 T S
SR PO R R TR E R
BRI SR R, LA DU 93 ) 2
AL, JELR7E 558 9 SN W BT A A o i
NPT 4300 0 X A 244 A B, WA T
SUR UG BB, Tork F T2 220 A SR bl
T2 SRR M Y X 5.

ST, ASCR IR T 2SS BT
RN 54) 5 25 FR I ] 49 A HP TS LA T 6P A
PR T BT B . S T 51 A S ] 43
1, A1 2 e 20 FLBRA P s 40 1. T
AL I 9 5 2 22 H 0T L 45 9 B 0 <
L G T LB 1), 9 ELIRATT 6 5 v 1
NI S FAE 7 T FRO A o, T2 T 2% e o i 4
ok /N4 f(). ST — A R KB 1,
%ﬁﬁﬁﬁgm%gmw@%t:%,x%e%
P, 4 1, = 1, DL SORDT 9 28 £ ), A7
uﬂﬂ:f(i)dzp'zf(i)f??iﬁﬁ%bii
B 1% R Pe S JE55 RO T SR T 45
i, B R R, 6B B I B . SR T
BT 25 T, 4 Pe 345 — 52 I
BV T B P PR S — e T, XA
A BVRT A AR S 1 350 07, Sk e — e L g
NI () 430 ST 303 1 2 7 B B ]
AL R (ER T92B7 E RS2 S
AR PSR, — MR, B2 /N A5 43 58
R R 200, I EL BRI T sl R 1
LB | R R B S E R R AR G B
T AR TSk, TR MIEAE— B F sy
A 425 BRI SE PR, St {1 o 2 ey
B — N BT, A flo) B R — MR A ERAY
e

f () =a1fi(v) +azfa(v),
Hura =0,a =0, H ajta, =1, f; HXTH G

130501-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 13 (2019) 130501

AL PR~ RT3 B8 DR /DN 8 MR 3R 2 20 A1 eR KR, 1
Jo AT R AR BR8N AR A
AR R ZARE S X T RHAR A B AN R
SN, R L, AFIR RS ILEA BN A A 52
THMET R EPE D). XA O i i R A AR R
SR ARIAERE H F ap 1 ay b Y a1, X
EEFEN; Y a1, ¥ EGE M. B BRI
TRRSEETY B s g R R B e B
ANFRYEE AR, ASCHE— B T LB R A S
JRGX PIRR A 2R Y E B, S AR SO AT A S AR
th R R BT T DL MR E AT
B G RAER AL

AR, FT AL S5 s 8] 4 50 AR 5 R

£ X w(t) = awwr (t) +asws (), HH w (t) =
#1 (1) 172 wo (t) = fo (1) =2 ARG PR
wy Fl wy WEAENE ARG, S25
FEERAULE R R w, — R0,
SRR TEFRATT S0 b A SR A A A
I 0 (1) ~ 71721 < o < 2). X B, %50
) — B A B T B 2 B T sy X2 TE Y
PHGTRR, W2 — . B SA R 7RI, A
AN I LA PRE R E T X, R R TE R RN
E i FEERSE FIRGTHRE, mEAIE A R
KB Rk E X el T 0 < a< 11
B, EORSLES b N IR AR A 0 R A
AU AH Al AT DUAE R SCI) BRISHE QL N IF 5T, AR SCER
2.4 BRI TR, B 2 L T w(t) BIER
FEIE UM 520 1 4isd 7o 1 PERRAE.

2.2 EBitHR

ATh SR AR B8 252 B 1) 32 1 Bs) ) Bl AILA T 7 5 280 ) 3
WANTHESR, Z[EBTE t = 0 B ZIR 7/ T 2 = 0, A
VL R PR R e 3100

n (z,t) :/ dx'/ dt'n (z',t)
—00 0

XAz —2"Yw(t —1t")+ 62000, (1)
o p(z,t) JERT“WIRITE ¢ B 202038 2 55 R
BRE, N BERAIE L IR B B Ak F-7E ¢ B
ZUAETF o S5 RER 2 R

W (2,1) = /O i () eE—t), (2

100

-2 ~ An
10 o *Oina/oz/st
-
S~ \inspofj
~

104} So ]

w(t)

10-8¢

10-10 ' '
100 10! 102 103

2 SEREE AT w()~ ¢RI, AN E SRR IE S
FOEME EARFRRZIT R, o =288, Y a > 2 1HiE
TFNRIEFER, 40 < o< 2 WREARHELEL <
o < 2 TFH

Fig. 2. Schematic of the waiting time distribution w(t)~¢!' .
The value of a qualitatively determines the transport dy-
namics. When « > 2, the transport behavior is normal;
while when 0 < « < 2, anomalous transport appears. In

this work, we focus on the case 1 < a < 2.
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Abstract

Modeling the solute transport in geological porous media is of both theoretical interest and practical
importance. Of several approaches, the continuous time random walk method is a most successful one that can
be used to quantitatively predict the statistical features of the process, which are ubiquitously anomalous in the
case of high Péclet numbers and normal in the case of low Péclet numbers. It establishes a quantitative relation
between the spatial moment of an ensemble of solute particles and the waiting time distribution in the model.
However, despite its success, the classical version of this model is a “static” one in the sense that there is no
tuning parameter in the waiting time distribution that can reflect the relative strength of advection and
diffusion which are two mechanisms that underlie the transport process, hence it cannot be used to show the
transition from anomalous to normal transport as the Péclet numbers decreases. In this work, a new continuous
time random walk model is established by taking into account these two different origins of solute particle
transport in a geological porous medium. In particular, solute transitions due to advection and diffusion are
separately treated by using a mixture probability model for the particle’s waiting time distribution, which
contains two terms representing the effects of advection and diffusion, respectively. By varying the weights of
these two terms, two limiting cases can be obtained, i.e. the advection-dominated transport and the diffusion-
dominated transport. The values of scaling exponent 3 of the mean square displacement versus time,
(Ax)2 ~ t8, are derived for both cases by using our model, which are consistent with previous results. In the
advection dominant case with the Péclet number going to infinity, the scaling exponent (3 is found to be equal
to 3—a where « € (1,2) is the anomaly exponent in the advection-originated part of the waiting time
distribution that wy (t) ~¢t~17%. As the Péclet number decreases, the diffusion-originated part of the waiting
time distribution begins to have a stronger influence on the transport process and in the limit of the Péclet
number going to 0 we observe a gradual transition of 3 from 3 —a to 1, indicating that the underlying
transport process changes from anomalous to normal transport. By incorporating advection and diffusion as two
mechanisms giving rise to solute transport in the continuous time random walk model, we successfully capture
the qualitative transition of the transport process as the Péclet number is varied, which is, however, elusive
from the classical continuous time random walk model. Also established are the corresponding macroscopic
transport equations for both anomalous and normal transport, which are consistent with previous findings as
well. Our model hence fully describes the transition from normal to anomalous transport in a porous medium as

the Péclet number increases in a qualitative and semi-quantitative way.

Keywords: dynamical origins, continuous time random walk, anomalous transport, macroscopic transport
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