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Fig. 1  Schematic cross section of soil layers

beneath landfill

e AN+ 1B B R TR R
K = K.S. (2)
ah = In S, 3
XK. WEHBER e WEK S, KRR EH
J15 BE IR SRR B A HE AL S, =

IO AR B 0, = 01,5, = 0/0,,

Hor 0, R &K 0. A& KR,
MB s B RN, D W Rl
d(D d@}_dK::

"™ dz

a3k (2) L (3) AR (D, T 15 5]
o do

dzz *a& O <5)
K (5) Ry H o 7 i HGE g R
0(z) = ¢; + c;explaz) (6)

B CCL AR kb 4 2 09 7R B K 32 35 il DA
R I BILL AR 1.2 Fom WRFRE K&
AR A

0, (2) = ¢, +crexplaz) (7a)

0,(2) = c¢s +ciexp La, (z—h)] (Th)

K ervervesvor HTFE W Ea v  CCL AR
Fib 1 2280, AT il i o

S (7 TR TR E HR T B A R
B B A, 428 CCL I TRER & K % 0, , F b
T Z IR & AKEN 0, CCL 5 TFENEETE = =
By K b, A b TET b W AL I i W) 0

R AT RR N
00 = 0,
OChy +hy) = 0y,
(8
H, |::/,]’ = H, ‘::/f
Vdi ‘::hl = g |oi

)I%JJZE(S) 4%/\3412(7) 'T‘ ,Efﬁ)%%ﬁfﬁﬁ}ﬁ C1~C2~C3 N
Cy j‘j
¢ = [651 CXp(alH) _01¢CXP(0(1/”L1 )]/

[1—explaihy)] (9a)
c; = [0, — Oqexplay HD]/[1— exp(aihy)]
9b)
¢ = [0 — Opexpla; H)J/[1— exp(ashy)]
(9¢)

¢, =— [0y, — Opexpla, H) ]/
[1— exp(ash,)] 9d)

A H ol I ek B R s

(951 eXp(CY]H) 701‘exp(a1h]) _
1— exp(m}h )

621, - 652 eXp(aZ H)
1 —exp(azh,)

K. 0,
ﬁEPP:K*’j :

F G AT A5 B2 R AERR S B AR R T K
HEAE A ] L1 43 A7 pREL
RN 1B B AL bR 2 Darcy #E 7] 3

>

2



¥ o R 51 %

576 A # # I X
RN
Up :_K(dﬂ_l) (10)
dz
$ X (7a) (7 FRAL10) , 7] 15 ]
Upr — % (11a)
Upy = Cseisz (11b)

2 I5RePrig R i Ui

15 Y WU AEAE SR AN P as B BIL I XA L 9K T
AR AL 2 BB AR BE AR AR A £ )2 B i AR
PO LIS 0SS R IR CE IR CE 7/ o | (U o

iz B Y 45 i 7 R
e, JS,; ) d o de; |
0 jer, Tt+5,B(C) +£(UD"C" 0.D, 5)70
12

Ko, WIGYWWE 0 N LIWEE S, W
L B V5 G W ) e s BCo) SR A W) I i I DN PR
i = 1.2,509FR CCL AR b+ )=,

= FIURL XS T3 G ) 1 W B RE M T o3 Sy 2tk R
Lk YR A Langmuir 25 % B 26 5 B 7R
AW 2 1 W BT B, TT R

S: klsz

14+ ke
159 yia 8% i B8 b n] & A AR W R AR RN S O
1B S gk — B AT RoR Ny
B(c) = Ac (14)
O kg Ry WA G300 A WG B SRR R W R RE S | A 2
Ber X (12) ~ (14) Al @235 WA &
Z AR LS540 1R & rh iz B i 4 O R TR
il 5 A% v 430 2 1 A URE S [ 2 B AR BT G
Wyis % ik T2 vh (9 A Wy 5 il R 1
OB i T S e T
RN IR E IR (ER S C S EI B eSS LN
RIS B b7 3% AE — 8 SR L AT R AR A W R
i 2 I T A A b S e 8 s B S S 3 A Y T
— AR N A% IR E] CCL 58 08 W 11 8 #
fi, 1 (B 1 R A .2 = 0) IS RYA Ol
SRR T ST ) 2 R R R R b, R
B SRS BT iR L TE Y

(13

o3 55 S 3 by AR W R i A G, LR IS TR) A2 AL
11 HL T 50303 52 2% o 26 W 5 it A TS G 0 1)
T2 B 55 52 Z2 R DR SR S5 ol A T0I 38 DB Wb
AT G v BE A A B RAE. g BT R W B
B T T Y W 1 VA R A AR BE AR A B B R[] )
FRBCEWRO AT I 2« = 0 bR AT R
]
c(0,1) = cok™ (15)
K e om R BRI SR, Mg B E
1B JT 43 AT 1) 38 3 76 T B3 2 1 R X A B
FEA TG Y IRl AN S8 e W ) BR AR RO (E L VI IR
AR R IR Ny
c(2,0) =0; 2 € [0,h; +h, ]t =0 (16)
CCL 5T Rb L JZ R HEM (2 = hy) i )2 8] 2 fik
AT 5 12 T i DR UE T o 577 G 40 Jo ik 3 ik i 282 %A
Al RIR N

Voo = O.v. = v, = 0,0, amn
(va — 0D ﬂj = (va — 60D ﬂj
dz clz=n, dz ulz=hy,
(18)
c(z=h) =c,(z=h) (19

Xof T i A S Y 5 e ) — Y s B TSR BORL, T
L4 AR LAY JEE 0 B AL X HLURE S OR R A
— LR, BRI SR R A A
IR Z IR Ry i K 30 5 SR A b 7 6 4 B s A 75
Gy xt &K 2 MR A5 R e T4 4. B K
RIS LR b, 5 on, s EOKZ DTS YY)
WA o, iR b LR HEA S K )Z B T5 G ) ot i
WA N S SO P 5 SR 0 D LA
WAL KR AL T8 15 5 W B X A% T L 22 e HE A
BILH (452 W) o A 5 7K T2 R B < 1 1 m] 4+ 3

t t

m = JWLfm(C,T)dT*JWhavacadr (20)
0 0

t t

_ A 7J.% e —
Ca J k. dr nHLdr, 2 =h, +h,

0 0

21)
3 isEiR S

JO7 P T A S A SR A TR, 0 B — R AR S A 3
PEAT HARTH S R K B Dy 200 m, B3R



KA.

%4

FRMEZ_EER ML PESTELEES SN 577

fRBE N co=1. 342 886 97, k=0. 999 86,
m=50, HU K I CCL. F RN 2 FKZE=
AR RN by =2 moh, =8 m,h, =
1 m. F/KZHTFRKBRHEE v,=10 m/a. i
TS5 5 R T YL W is B8 B R il £, 9T DA AH X vk
B, LL cuee, TN,
3.1 AEWRE S W 5 B

% CCL 5 T RN 2 B AR Wi 5
i FFEPE R L 0 AR 3 Bhi ol ok 47 2 AR5
(1) 7% 5 Yo Wy 1638 85 2o B8 v A7 6 28 00 Bk i O
AR B At R0 EL A =0. 5,2, =0.5; () R %
TS YL ia B b B b i 2R W R A N B A, =0,
Ay =03 (O T5 Y WAE CCL 18 # 1 4= W) W i
FE LB A, =0.5,4, =0, iHE R IE 2 s,

0.5

g —n— 11:0.5, 12:0.5
04r - —o— 2=0, 1,=0
8" —s—21=0.5, 4,=0
§> 03 -#‘A‘—‘
S 02fp
[ "
0.1 %
0 ks %
0 200 400 600 800 1000
T/a
(a) CCL
0.0020
7-721:0.5, lz=0.5
L —o— =0, 2,=0
0.00151 7H/11:0.5,2/12:0
. 0.0010
\L) a
© 0.0005 F
Mo,

0 200 400 600 800 1000
T/a

(b) FTEME
00025f o —a =05, /=05
0.0020 —om 2=0, 2,=0
S 0.0015F —a—M=05, 1,=0
< 0.0010F
0.0005 .
0 'f‘ mmmmm M,
0 200 400 600 800 1000
T/a
(©) &KE

B2 EWREmstmEyatdn
Fig. 2 Effect of bio-degradation on contaminant

migration
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Comprehensive analysis of contaminant migration

in two layers of unsaturated soils
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( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
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3. Dalian Cement Group Co. ., Ltd., Dalian 116033, China;

4. Information and Engineering College, Dalian University, Dalian 116622, China )

Abstract: The landfill site was idealized as three-layer stratum composed of a compacted clay liner
(CCL), a underlying layer and a layer of aquifer below the landfill. Based on Richards equation, the
analytical solutions of volumetric water content in both CCL and underlying layer were obtained under
steady-state seepage. According to the contaminant migration mechanism in the porous media, the
one-dimensional computing model was established for contaminant migration in the three-layer strata
including two unsaturated soil layers. The model considered nonlinear sorption of CCL and bio-
degradation of contaminant migration process and bio-degradation of waste. The established
mathematical model was used for carrying on the concrete computation on some hypothesis landfill
sites. The studies on the calculation and analysis of variable parameters were conducted to examine
the effect of all the related factors on the contaminant migration. The calculated results show that the
sorption and bio-degradation of unsaturated soil have remarkable effect on the contaminant migration
process, especially when the sorption and degradation of CCL are important controlling factors for
contaminant migration process. When volumetric water content of unsaturated soil is large, the

variation of volumetric water content has negligible influence on contaminant migration.

Key words: unsaturated soil; contaminant migration; bio-degradation; nonlinear sorption



