FA8BE 4
200847 H

X % ® I K ¥ ¥ R
Journal of Dalian University of Technology

Vol. 48,
July 2 0 0 8

No. 4

XEHS: 1000-8608(2008)04-0557-07

CCL [l Zhe Pk W8t Wi 215 P B £LBGE 38 AE AL 35 e s 14 525 i 4

koA AL R R WL A RV

(LASEETAY BREFPAETIRERELAELRE, 17 k&
2. KERT RS ERAAFR 2L TRARA, LT k&

116024
116024 )

E . B E 28+ 4 2 (compacted clay liner, CCL) sy L R AR A Y 4 o4, LBk %
BHAHEBMELEE FRANG L, B A Langmuir ¥ B & m HEE BRI E, K
FHEBREREXR, BRE T LHRERMELRY M REABREERNFEELAR. EHAAS
FEREERLRERMGENT, BLT ALY — BB WEHN TR, EERHTREFY, 57
ZRI R EEMN CCL.TEARBEESGKESZRN. LA TELHEH 7R E - BEHE
BHH#ROTTHENEESLN. ZH 5B EES kW, BT LW FELET
BRI RN ERRGTEYNESE AR ENYH, TR FE CCLER I RFE
THR.EXEZRLMVELTHMNEN AL, FHE B & NEERERKIT 10%. # 8 RH 5] £ 8
IREEAMFEAT AHERAMEEEERMA T LD EAEMANL RHEE S H K,
TR ARABFTLEYESED R AR E.

KEWR: LREFELAX; FEAMEFHRM;CCL; & K E; F &/ ; Langmuir

LR RM & TR
FESES. TU43

MEARER: A

0 5 =

15 e AE Z AL 97 5 b 1932 A2 AL i 6 45 X O
SR AN 3 BR P27 S, AR A 5 o S 1 AT A ST 9
WA 22 LA o b s B B P 75 R S Bk R 68 I - R
T e 5 Qe AE Z £l v i b s B % 2 R AL &
ERT B2 2 i R 8 Ko A 5 39 55 2 45
il QB R 5 K AR L 3 Y W B R A BORE R AR
FHSE AR Ak T8 U 37 2 A6 JHG At 4 <] WL A e T
AR DRI BE TS e WA 2 AL P aa RS . — i
BETLUR WA FEAR MR B (1) 2 L4 B AL B A
A2 BB 2 L A1 B o W AN o] TR 46 195 (2) 75
ey e PT IR AY , ELYR B B L RV 25 JE 5 e W) e
1R Y L BK % 7 Ak, I B SFL 3 3 R — R
T FTH) AR FREG (10~20 ) , T LI
B SRR JE R B 3 R A v AR B AV AR TR

KB . 2006-10-17; {&E HH#A: 2008-04-30.

Bi 15 1A % 1 [ 45 78 T8 AN 25 2200 i BB 1 7 3
A RL AT B A o L LA IR 480 00 ok ik oAy 2 I i 8 32 A
RGN R, A RS DRV I TR 2 S R
JESEZE + % B (compacted clay liner, CCL) [j &
JZ I, CCL nl W B 2 g b 19 A7 AL A G BIL 45
43 T BOH AL B AR B AIR. Smith 8502 2% i 4y
W wp kB HE X CCL [ 45 1Y 52 o 5 7 [ 245 38 #E
SR TE YL WA AL T A b A 5 ) J7 AR [R) I XS
— MRAE A L 37 E AT 0 B, W] CCL [ 45 728 1E
X5 Y B B B K. Verma 555 3 T AR 4L
Bt 73 A1 R RS, DAAS ) 8 g 2 250 o T B2 3 5 AR L
TR ) FIK S BT 25 A BB 3 B 1 R4 T S
PEAZ R 7 1 b X 4 B Ay 78 T T AR AR AL R
KRB BEALH . Clement ZEH 3% F 20 M AR 8L,
R P AATE LR o B R 5 S AL B R 0B 3
SRR TH AR A2 A BRO(E T 5 4 R SR W) 2 AR A

ESTB . HK A AR EIEE B H (50679015) 5 Hv [E A} 2 Bg DU 1 1 25 WF 72 B i AL 49 PRBE e - T 78 o 52 6 5 T e i ¢

BhI5 H (T110504).
E&E BT

k& F 7 (1964-) , 5 14, B #(8Z . E-mail : zhangjinli7910@sina. com.



558 X # ¥ L X

548 ¥

B2 LA A Wy 5 Sy 5 a1 A5 TR RT LR G b Y00 L B
K B E M RRE T B R, Rowe 45k H Keele
S 198 R WAE B AT £ AR R
FEI5 U R R U5 e R R AT R R+
W e 5 5 1 3 TR S i L CCL 1998 3 1 Bl TS
Ye 138 B 5 45 3 ) AS DRI S B T 3 947 R I, TR L S
B2 SRR AR AL BT R A R L AR R T TS
PeWitE CCL iz B 32 4 kr 1 25 v Wik B A0 A 28
P B e s B 20 BE RS Y S B b R LA
P 87 A I % 5 B DR R B 9 e i e R AL
BRI, BT CCL LR 3 AR Ak i 38 52 Wi 75 e
Wiz , 5% JEALBURAS AR L L 28 35 il 2k 0 (.
AT 10965, BF9E R B, 00k X & 4 R 3 1
B KA ALY 0 W B T £ 2 B Al ek
TR B3 T A MR K A SR ZUR R 102 8 T
(8 8 B2 4 TR I 0 25 B A Tl s e J o0 5 . - 5
LT LIRSS Gl 0 W B L 2 T L A R 2% 1A
FRGR R N b 1 L Bt P BRI Y 0 TG O B TS
B, AR A AL BRSBTS Y is B 1 AS T T e
— M U SR 3 b K 3 B 3 Y [ Ak e
], 35 B v i B 2 o K 5 CCL B AH B
5 FH L DR B T 4 CCL AL B R & 28 78 1k 2 b 9%
(. AR SCE B AL 0 Y Xt 4 R B R s K
A B 5575 Y W 1 T 4 3 e R W BT A B 3
AR AT R 5 2L R CCL LB 2 X j 35 e
17 A8 Ak B Ak B 28 2, HE 5t FLBR v Darcy 0 3%
KA EWAR S B RS AT 15 Y7 Ar
FLBR A 5T iz 7% 0 45 ) 5 B O X 47 3 A= W R i
Rtk (CCL B8 )2 A BRI B & K 2 45 1 37 ]
BRI 00 T LA % 1. [ ik SR P (e 5 0y vk,
B — (BRI AT A B 2 AR B S R
T 4% b 45 i S B0 5 e WA FL IR A P s B

.

1 ABSLBUR R E T 5 dePria # iy 45
R T B YEH L R firf 5% AF

FEAR B (DGR R 2 IR P E SR
BT B K A ALY s (2) S I R R ARy CCL
AT BRIEJE SR E PR ESHR R VRSB
(D H AN 1 Fros 75 Je ) — 4 iz B [ 5 (4)
TE 5 7K )2 A 1T G W i 0 A% Tt

W1 mEFRMESTER

Fig.1 Sketch map for contaminant transport in landfill
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Numerical analysis for contaminant transport in variable porosity

of porous medium with nonlinear sorption in CCL

ZHANG Jin-li""*, LUAN Mao-tian'?, YANG Qing"*

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
2. Institute of Geotechnic Engineering, School of Civil and Hydraulic Engineering, Dalian University of Technology s
Dalian 116024, China )

Abstract: It is assumed that the voids are uniformly distributed in the substance space occupied by
soils and contaminant sorption behaviour onto the soil particle is characterized by equilibrium and
nonlinear features can be described by Langmuir’s sorption isotherm equation. Based on the analysis
of basic interrelationship between volume and mass, an approximate formula is presented. Under the
condition of variable porosity and steady state seepage, the governing differential equation of one
dimensional transport of contaminant along vertical direction is established and the initial condition
and boundary conditions corresponding to actual profile of landfill underlain by compacted clay liner
(CCL) and aquifer are formulated considering degradation of wastes in landfill and the aquifer of finite
thickness. Then the initial boundary-value issue is numerically solved. Through parametric
computations and comparative analyses, it is shown that sorption-induced porosity reduction has a
considerable effect on the contaminant transport processes and will decrease breakthrough potential of
contaminant into CCL. Compared with the case of constant porosity, the peak concentration of
contaminants in CCL will reduce 10% when the variable porosity induced by sorption is considered.
Both effects of linear and nonlinear sorption on the contaminant transport are almost identical. The
influences of the sorption intensity parameter K, in the Langmuir’s sorption isotherm equation and
hydrodynamic dispersion coefficient on contaminant transport are considerable under the condition of

variable porosity.

Key words: approximate formula of porosity; nonlinear equilibrium sorption; compacted clay liner;

aquifer; breakthrough capacity; Langmuir sorption isotherm equation



