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Parameters of contaminant transport of compacted clay liners with fractures

LI Lei, WANG Jun, HUANG Yong
(School of Earth Sciences and Engineering, Hohai University, Nanjing 210098, China)

Abstract: The service period of landfill liners is reduced because of the fractures in compacted clay liners (CCL), which
shorten the breakthrough time of contaminants passing through the barrier. It is very important to predict the breakthrough time
of the leachate for CCL with fractures when the parameters of contaminant transport of fractures are acquired. The experiment
is carried out to obtain the coefficient of molecular diffusion and dispersion for chloridion in the fractures simulated by the
sands with different porosities. The results show that the coefficient of molecular diffusion for chloridion is consistent when the
chloridion passes through fractures with the width more than or equal to 15 mm and water, while the coefficient of molecular
diffusion is reduced exponentially in the fractures with the width less than 15 mm. The coefficient of dispersion is
approximately three orders of the magnitude more than that of molecular diffusion. Based on different hydraulic gradients, the
dispersion coefficient of fractures with width more than or equal to 10 mm is essentially constant and almost equal to that
acquired from the sand column experiment. While the hydraulic gradient is more than or equal to 0.2, the variation of dispersion
coefficient is steady and not influenced by the width of the fractures.
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Table 1 Basic properties of clay

HAKE W AR R BERE AR CEC Sio, ALO;  Fe,0y Ca0O MgO
/% /% /% /(em's™) /% /(meq- 100g’3) /% /% /% /% /%
13.62 262 5234 2409  26X%10° 3.39 731 65.70  12.13 3.17 5.05 1.55
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Fig. 4 Tracer distribution along depth under diffusion






1840 s LT OB % R 2018 4E
60T D=4.00691n (n) -9.5111 211
od=Smm 509799

N 551 4 d=10mm A
T 17t D=2.8632¢0-1249¢
g ~ 2
4 50t b R2=0.9773
< E
=] S 13}
-~ 451 A E

4or D=1.5875In (1) —1.6636 S ool

#2=0.9747
3.5 1 1 )
30 35 40 45
FLERZR 1 /% 5 . . , ,
Y 4.5 8.5 12.5 16.5 20.5
11.41 d/mm
o d=5mm

108} o 4= " — "
It i N 6 ERFESTERNS T SAKER
) | =10. n (n) -28. ] ' ]
2 1021 1209864 Fig. 6 Relationship between aperture of fracture and molecular

g
‘f: 96 diffusion coefficient of tracer
\:’ 9.0
S
I D=10.439In (1) -28.392 1 s = Ik #
84 ol yon 3 HPEBYKBNFIREL R E
L L ] N rls s > R — R
i 35 40 5 FHACGKYEH TR F L’ 7 fras. Ed

5 RRFLBRZR SREEH O FH HAKRR

LB 1 1%

SEON B AR IS SRS A R KA RS 7K 3 TR BUR
BEH R T a4 .
ME 7 T BUEH, X i=0.2 F10.3 AT,

Fig. 5 Relationship between porosity of fracture and molecular

diffusion coefficient of tracer

7N R R FEE RIS R 2 A MR P AR 045 1 LR 2733

W/ (mg L") W/ (mg L") W/ (mg L")
ol 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
T T T T T T 1 T T T 1
n=0332, i=0.1, =2 h n=0332,i=0.1, 1=3h n=0.332, i=0.1, (=4h
[ Dp=2.76 % 103 cm?/s 8 Dp=276x 10" cm?/s 8| Dy=2.76% 107 cm?/s
E 16} E16} E161
i i i
524t o4t o4l
E o d=5mm L = 0 d=5mm L
2 ad-l0mm A d=10 mm 32 . o d=5 mm
& d=15 mm o d=15mm A d=10 mm
40L 40 40L ¢ d=15 mm
WEE/ (mg-17") W (mg-L) W/ (mg-L™)
ol 10 100 1000 10000 01 10 100 1000 10000 1 10 100 1000 10000
T T T T T T 0 T T T
gl n=0332,i=02, r=2h | n=0.332, i=0.2, =3 h n=0.332, i=0.2, t=4h
Dp=3.62% 10" cm?/s Dy=3.62% 1073 cm?/s 81 Dyp=3.62x 10 cm?/s
g 16 E 16 E 161
] ] Py
K 241 K24 % 24|
32+ 32 o d=5mm 3t
¢ d=15 mm A d=10 mm 0 d=5 mm
40l ¢ d=15 mm A d=10 mm
40 40+ ¢ d=15 mm
W/ (mg-L7") Wl (mg-L7") WepE/ (mg-L7")
oL 10 100 1000 10000 01 10 100 1000 10000 01 10 100 1000 10000
T T T T T T 1
| n=0332,i=03, (=2h n=0332, =03, (=3 h n=0332, =03, 1=4h
Dpp=4.17x 103 cm?/s 81 Dp=4.17x10"cm¥s 81 Dy=4.17x10cm?/s
£16f g16 g 16}
S 3 S
= # #
Koal K 24 K 24|
3l 0 d=5mm 3 o d=5 mm kY3
A j =10 mm A d=10 mm
o d=15 _
40l mm 40 ¢ d=15 mm a0l

7 NEVK D EF S T RERFIREBES
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