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Analytical solutions for contaminant diffusion in two-layered porous media
considering degradation
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Abstract: The organic contaminants are always more harmful to the environment than the inorganic ions. One-dimensional
mathematical model for organic contaminant diffusion through two-layered porous media is developed to investigate the
behavior of organic transport in the landfill liner system. Degradation of the organic contaminants in the porous media is
considered. The bottom boundary conditions are assumed to be zero concentration or zero flux. The analytical solutions for the
mathematical model are obtained by means of the method of separation of variables. The results obtained by the proposed
analytical solution agree well with those obtained by the commercial software POLLUTE v7. The effect of degradation on
organic contaminant diffusion through the layered media is investigated on the basis of the proposed solutions. The bottom
concentration and flux of the soil liners can be greatly reduced when the degradation effect is considered. The bottom flux for
the liner system with the half-lives of 5-10 years can be 4-8 times less than those assuming no degradation. Compared to that of
the lower layer, the effect of the degradation of the upper layer is more important on reducing the organic concentration in the
underlying environment.
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Fig. 1 Mathematical model for contaminant diffusion in
two-layered media
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Table 1 Transport parameters for two porous media
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Fig. 2 Comprison of computed results by proposed model in this

paper and those by POLLUTE v7.0

B 2 5 th T PRI VEAS B 2 S R Ly
A, &2 aTg,  HE O RN A SR T R R
AR, Bl RO OR U TR A POLLUTE v7.0
MITHEEE R WAR, T ASUIRAT RITS R L7y
A H 26 50 B #F POLLUTE v7.0 7551 (1)) A i £k
B8 Wa R X U] T A SR A A B
PRI FENE .

4 SIS
HEH A NG R LR 20y iR A, B
EANEEEIREE 7RSS =3 il SR/ PN Y v st Lo
AEAEAT UG BB (0L 500 A T BB
AN BUEm, B LI T3 2 PN T
MR- WIS HL i TR EIA 45
®2 FRILATHBFRESH 1, A

Table 2 Degradation half-lives for different cases a

= i ) Z
FEF il w2 ws w4 ms

+E1 10 10 5 10 oo oo
T)Z2 10 5 10 o 10 o

K 3 LLis T RIAIREEWIRAE 2 =0.4 m A AT HLY5 G
VIR B (R BE I T AR i 2. AN 3 T %1, LTS 24
(1) AR SO Pk i R IR K. fE 2= 0.4 m &b,
A BTG Rk BEBEYS G Pt s b b, Bk
VIBRAR (50 BB el XSRS % T, o 5wl
DAFF . 75 10 a 5, AWREMRRRE I IEA 2, H 10
a Z G HMMRH K. 5 10 a i, TS (LTS
PPN 0.11 mg/L, 1127 T UG G B iy
7 0.07 mg/L, ZEPRFIEABE; 18 50 FFRF, THS 1
G HGAR LA R T 0.38 mg/L, IEIF 2% TULIT)
EHIGGRFEA R 0.14 mg/L. PIE A 20T =A%, T
o IR I S 157 e we SN A7/ T N e =

BLRHERE, MfE z =04 mAb, 50 a 00 1. 2 (6
UG R AR EE (53520 0.12 mg/L, 0.08 mg/L)
YUNTFZ5 T ARE (0.14 mg/L). X T 1
AW 3, ToL 2 FITH 4 #AeE HIX AR, Xt
SERRW, BRI G PRI FE 43 A ] B
AR FER, B DR g, A
WU R AR E S T R o

0.60 [
055 —*— SF T

—e— T#1
PR — )
T 045 o T3
4 040 - —o— T4 ottty
E o035 —=— THs .
T 030 |
B g5t
o020t
% 0.15 -
0.10 |
0.05 -
0.00

nnnnnn

0 10 20 3 40 50 6 70 8 9 100
tla
3 REIILILT z=0.4 m Abi5 4K FE BE AT 8] 25 14 Bh 2%
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different cases
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