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Three-dimensional coupled model of consolidation and solute
transport for porous media
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(The Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education,
Beijing University of Technology, Beijing 100124 ,P. R. China)

Abstract: The coupling effect of consolidation caused by the waste and the cover, and the solute transport has been
widely studied in the field of environmental civil engineering. Based on Biot consolidation theory and solute
transport theory, a three-dimensional coupled model of consolidation and solute transport is thus developed and in
the modeltheporosity is thecoupled parameter and consolidation equations is linked with transport equations. The
influence of consolidation on solute transport parameters is taken into consideration as well. . Then, the 3D model
coupling the consolidation and solute transport is establishedusing the finite elementsoftware COMSOL
Multiphysics. The numerical results show that consolidation deformation retards the transport process of solute
leading to decrease in contaminant plume and the transport depth in vertical direction and has a strong and long-
term influence on the transport of soluteThe transport distance decreasing rate increased over time and reache27.
75% in 20 years ; the transport distance in the horizontal direction of contaminant concentration increases with the
increasing of lateral hydraulic gradient.
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Table 1 The initial and boundary conditions
of consolidation model
W s S5 A ulx,y.20)=p((x,y,2) €EN)
BHRO u(x,y,0,0)=00i=0)
IR ulx,sysHy ) =00=0)
HARO u(ly,y,z, )= ulx.Li,2,0)=0(=0)
u(ly+Lssy,2,)=0 wu(x,L1+Ly,2,6)=0

HRD

(i=0)

) Z B AR (R 2)
*2 EBEINNKELREN

Table 2 The initial and boundary conditions of transport model

MR EM o(x.y,2,0)=0((x,y,2) €EQ)

HHRO c(X,y,0,t) =co (t==20,0<x<L)
de(x,y,Hy,

RO miiw:o(gm
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Fig.3 Solute transport contour map with Linear sorption
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Table 4 The transport depth in the vertical directionof contaminant concentration

with Linear sorption under different consolidation pressures m
[l 45 /i J1 /kPa
I 8] /a
0 100 200 300 400 500 600
2 0. 85 0. 83 0.73 0.67 0. 65 0.63 0.58
5 1. 88 1. 80 1.57 1.48 1. 36 1.22 1.14
10 3.28 2.85 2.63 2.55 2.34 2.15 1.98
15 =>4.00 3.98 3.51 3.38 3.10 2.88 2.71
20 =>4.00 =>4.00 =>4.00 =>4.00 3.92 3.383.18
R5 GUERMHAREEZENERTBREKE X(Y)FEEBES
Table 5 The transport distance in the horizontal direction of contaminant concentration
with Linear sorption under different consolidation pressures m
[E 25 [k 71/ kPa
i E]/a
0 100 200 300 400 500 600
2 0.72 0.68 0. 66 0.62 0.58 0.52 0. 45
5 1. 22 1. 18 1.12 1.02 0. 86 0.78 0.75
10 1.95 1. 80 1.68 1.59 1.50 1.45 1. 34
15 2.82 2.50 2.31 2.18 2.00 1.91 1. 86
20 3.36 3.05 2.83 2.65 2.41 2.34 2.25
x6 AEBATAEAREBRE(ES)
Table 6 The transport depth & distance of contaminant in different condition
W Z J5 1k K XY 5 1)
BRI E] /2 BHRE/m BB WE/m
R/ % Ra/%
N Y N Y
2 0. 85 0.58 6.75 0.72 0.45 6.75
5 1. 88 1.14 18.5 1.22 0.75 11.75
10 3.28 1.98 32.5 1. 95 1. 34 15. 25
15 =>4.00 2.71 2.82 1. 86 24
20 =>4.00 3.18 3.36 2.25 27.75

T N R FRR A B IR E 252 (455 J128 0 kPa) Y R om % 1B 15 45728 8 (181 45 [k J1 2 600 kPa) s Ra Jy3Rom 2 8 B (B89 Ik



ss  http://gks.cqu.edu.cn

EARERE R A

%37 %

M 4.3 5 AT LU X T8 E B is B AR IR,
I#6] 25 s 3 O S 8 T )2 v B 32 B TR R i s U
/N o 3 RGOl B AR B DD T R T A [ [ 45
TIVERE R R 45 28 T 8 AN TR L 2 BOAS [R] [ 245 15
XA B BRI S AN ] . e SN AR T £
PR 48 - FL B HE L AL BR800 9 i B il JE
ARAE TR 50 3E % ORI K Bl R 2 0 5 AL
B DA 5 o FL BT A0 A8 /N8 45 X 3L 9K B
55 T B A 1 95 IR 32 %« JF HL [ 45 s J3 ok, +
AR s 45 72 2 ol B A ) 4 T 38 A% 14 L 1 D A0
5o PRI FEAH R (1912 7% 4F BRI L 3 508 7% TR T B
S AT [ 45 TR T 3 R b . AFR 6 FT LB D

A . ToIE e B EL ] ik 2K 18] B B R [ 2548
Py 3 BOR i is B TR B (BE B i/, JF BB & i3
g IF 8] £ 39 4 3 % TR JEE 1A /DN 258 8 3 3 KL 3 W i
18 B I (8] A9 3 0 . s 46 A2 T2 5 B I i is B IR
CHEES) (0 /) 3 72 347 96 K5 BRIV e 446 72 T2 X 9 Jo s 7%
POREIbE AP XS /N e IL

ey N R A M TR S WE RS e
S AR 18] 45 748 T I 8 I 114 3 % ML AR I 45 7 T S %)
PEAT RS LE AR R WL X T4 2 s B AR IR % 8
AR 18] 25 72 T I 08 50 A% 1Y) BB 5 B AS 285 1 [T 45 722 S I
V8 I B B B S 0 HE S By B 2 BT Rl
FHAF R0 2 i B A B0 i 4 AR

0.5 0.5
0.45 - 0.45 1\
0.4 1% 0.4 R0
~ 0.351 0.35 Ny n
T 0343 T 03 eV
% 0.25 £ 025 '§\ W
= 021 £ 02 W
2 0,15 B 0.15 - \\ G
® 01, ® 01 W
4 i AR
0.05 1 005 N
-0.05 : . . -0.05 . . . .
1 2 3 0 1 2 3 4
WEm W /m
(a) REIBESEER T2 abfiZR 4R (b) RFEEZEIERATS alf izt ik
0.5 0.5
0.45 0.45
0.4 0.4
~ 035 ~ 035
2 05 : 02
a0 U.. a0 (). A
m 02 w021
2o 2 os-
0.1 0.1
0.05 1 Nt 0.05
0_ . 0_
-0.05 T ~0.05 i .
3 0 1 2 3 4
WEE/m
(¢) NFIESEHEHERAT10 abf iz 88 2 (d) RFEEZEIEHT15 allz R 2k
0.5 —
v AL
: N \
0.35- R —
= 03 . N
£ 025 \\\\\\\ L W
£ 02 NS
B 0.15 NN
£ 0.1 N
0.05-
0
_0.05 T T T 1
0 1 2 3 4
WRBEE/m
(e) ANIF 45 1 R 20 ab 3328 il 2%
e LT = J— p=100 - - - - p=200- - - - - p=300 — — — p=400 — - - — p=500 — - — - p=600

B4 AEELEEA(KPA)ERTEREESARAEBSHAE

Fig. 4 Contaminant concentration distribution with distance in the vertical direction

under different consolidation pressures (kPa)
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different consolidation pressures (kPa)

ME 45 Rl RLE W TR BB BB AR TR
[P 28 R 0K, 1% o 2 R 138 B8 TR R RN K OF- B
BN AR AT S 3R B I o 0 T I A [
45 13 KAmi 2K » Rl R o] DUE S Bl 2 32 B8 I ()
AR B, 5 S Ti) [ 45 R T 6T 0 ) I T R W T % ST
A5 (A B Ui B B 32 B B[] A 38 A0, 1 45 6 U
1R AN [) %o 3 S 32 B UL AR 110 52 T 3% 345 48 K, B [ 3
It [F] 25 1 g % L %)V O B B S A G K
3.2 HEEKAEEIERAKTEEIEHESRN R

TETHE o BT 7K 6 BE L Ay 3 7 A8 ) 7K g A
JEE XS 5 /K - ) 32 F% R B 00 5 ) 2 AR R 1 K ) A
BE I BoE 5 K B EE R — o Bl G R L A2 S
KRN, /i.=1,i,=5.8;2)i,/i.=0.5,i,=2.9;
3)i,/i.=0.8,i,=1.16, ik 3 FiE o a1 5 45
mgk 7 R,

®7 FEEEKNBEERTEREKRFHEIZHESE m
Table 7 The transport distance of solute in the horizontal

direction under different horizontal hydraulic gradient

i./i.(i,=5.8)
Fif 8]/ a
1 0.5 0.2
2 0.75 0.65 0.45
5 1.23 1.07 0.78
10 2.37 1.68 1. 26
15 3.22 2. 30 1.77
20 3.93 2.88 2.13
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Fig. 6 Contaminant concentration distribution with distance in the horizontal direction
under different horizontal hydraulic gradient
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distance in the vertical direction (366 d)
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