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Numerical simulation and prediction of migration of leachate into natural soil
strata under a simple MSW dump
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Abstract; In order to investigate soil contamination under a simple municipal solid waste dump in Anhui, China, 3D finite element models were set up to
simulate the migration of COD into the natural soil strata under the waste dump. The simulation was carried out on the basis of previous field and laboratory
studies. The model parameters of COD, including retard factor, diffusion and dispersion coefficients, were obtained by back analyses of field investigation
results. Long-term simulation was carried out to predict the migration of COD into the soil strata. The simulation results show that advection is the
predominant mechanism controlling the migration of COD into the soil strata under this dump with a high leachate head; the effect of retard factor can not
be neglected; and the role of dispersion is relatively insignificant. For the central part of the dump with 8 m of leachate head, the migration depth of COD
is 5.4 m after 100 years, reaching 1.4 m deep into the relatively impermeable clay layer. For the sloping part of the dump, the hydraulic gradient in the
soil strata is relatively large, and the migration depth of COD after 100 years, being 7.0 m, is 1.6 m greater than that for the central part. In the
horizontal direction, the migration distance of COD in the shallow relatively permeable soil layer reaches 48.5 m, being greater than that in the deep
relatively impermeable clay layer (i.e., 18.1 m). The long-term simulation results indicate that the deep relatively impermeable clay layer is an effective
barrier for hindering the migration of contaminants.

Keywords: simple waste dump; COD; leachate head; migration; advection; retard factor; long-term prediction
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U 4 T F) 2010 4R 75 e X 0K K F) 2 km® (£ 0
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10 m,COD i RIEE WL F 3.5 m( Xie et al. ,2009;
WA S5 ,2009 ) . J7 it S5 % U HEZ KR 12 ~ 16m
JEE B RG  TORG A 75 Gtk B A kB, 10 4R R TS G
P IE R TR AL 30 ~40 em (J7i# 55 ,2000) . 55—
U 2 2 S o KR B AT AL, AR A T G AT RS KL
L TR HSE A o BT A B, 20 AR S S e M AE D 2
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(BB R0 000 975 3 A% 1) I 00 A J . AR SCF 5
SRRl F I E A S A% 1 B R 3 T PR
15 B AE M RO SR T 42 112 25 i dls
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parameters )

3.1 FEpiE s B RE R

AWK 53 BT R A GMS #4 H ) FEMWATER 72
¥, B — =4 BT B TG e ik % 18 o A
L (Lin et al. , 2009) . 3 3 5 A 7T UBL R0 F-3E
WRBW, ML 46 B ooik ok iis 2% m i, M
Ja B K AL 5] AT A b, BERLTE Yt P HL
W B HLEE, A BRI IR A kA5 15 e s B G 0L

R o8 N ol e A 1 e o 2 NI e S B
AL BB LI, A H R A R -4 RN 2 0 ) O #2 (Lin
et al. , 2009) Jy .

V[K(Vh+Vz)]+q=F‘2—]: (1)

K, h RoRE I K k52 TR BIK kg Fomli/
LI K 7R3 3E ZE0K R, NS S R0 K
FEAE £ AR5 s F KONk R 50, B KRR AE il 264k
5. F K FRAE Bl 22 AR 1R F1 95 i 2 502 AR B A B B0
BEEREANE AN LEN L2, FlH FEMWATER
N E RS & R R SRR R, il R e Ty
W AT LA AR A AR A van-Genuchten %
B (2) B RS E R EGTFE N (3) .(4).

6, =6 +6.(6.-86,) (2)
K=K [1-(1-0")7 (3)
y=1-1/8 (4)

A, 8 h <0, 0, =[1+ClanD’] -y:Hh
=01f, 0, = 1 ;K FAEWANEE REGK NS
BRBG BB W = NI KA 0, KR HIRY
K0, Fom HIRIAN G KR 0, Ron EIRR AR S
K5 a fl B FRR EKHIE TR 240 45 )2 S HOR
I 2 FrR.

MR P 4R P W R ASS AR LR 2 R A R D

R & i, K 35 e 9y i %% #5 il J7 #2 (Lin et al.
2009) .
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ARy % 5 N G I N A e o o (B0 I A 1
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VAfE E e BE 35
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Fig.4 Boundary conditions for pollutant transport analyses ( Horizon:Vertical =5:1)
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3.3 BBESBEEIMNEXETF
AU T B S8 T 3£ 1, £OREHE

fih e A AR FIE 1B R U A S B 2 Pios.

*1 &2y
Table 1 Model parameters
BEZRHE/ (cmes ™! o R, A H -
g CERMEAw ) wmekn swe Ame Ame TeEe wReE mamr 0T s
= veem =2 d R = /
Kk, Wiy b 0, T e n /(grem ™) s d J(m*s~1) ap/m
B3k 1x10°* 5.0x10 73 - 0.30 1.50 0.60 0.80 —
idiiee 3x10 3 1.5x10°° 30% 0.25 0.75 0.43 1.53 2.68 2~20  (2.5~3.5) 0.1~1.0
BEKE sx107° 2.5%x10°° 25% 0.20 0.69 0.41 1.60 2.72 x10 71
EHit 3x1077 1.5x10°7 20% 0.30 0.61 0.38 1.71 2.75

F2 KBAEHEMIFEMEERMHUESH

Table 2 Fitting parameters for soil-water characteristic curve and
unsaturated hydraulic conductivity
e /L@*ﬂjitﬂ(g{ ﬁ;‘%ﬁ%;a:mg /6:71 P
BFE £ 30% 6.8% 0.008 1.09
i TR 25% 7.0% 0.005 1.09
Rt 20% 9.5% 0.019 1.31

FLIRHER B S 52 B R ALBE I T
Ho 7 2 2R (] 45, 2006 ) , 25 18 21 17 38 19 45
] S, ABE B 1] 8 0 R BUR KR — 2 B &, =
0.5k, s FLEL EL | 1 % B2 2 25 2 ol 3 1 37 3000 3 2 30
(Zhan et al. ,2008).

IR 12 S AR S E R A& KR AL
Bt T VS R G 5 LR B E RS
JK B B R IBORE A= e T A, i T
PR 2% ) S, 7K F [0 38 38 R B0 R T % ) B 0E R
B, RS B IEAROE B 08 & Rk, =0. 5k, FULih
PrRF r 2% g @ W 130 SC g T Bl (e
2008) . FLBEE %5 B by AR 0 5 K R R L R TSR AR
5. HARSHAN B 7 vR U A R B
I A 25 2R W 005 R 2 4845 18 T TR0 HE.

#i& Hrapovic and Rowe #f ¥ ,COD fEX; - 4~
HOREOA (2.5 ~3.5) x 107" em™s ™' RWHL AR S
WL 2.5 x10° em® - s7'.3.5 x 10°° em®- 57!
(Hrapovic et al. ,2002) . MR35 Fir A B EZ5 , 9 1] 55 B
oo, BMHLARIE 0.1 ~1.0m, ap = (0.1 ~0.3) ¢,
(i 2, 2008 ; £ L3, 2008 ) , A WAL 5 5K 2 6 )
0.1m 0.5 m. 1 m. il B45 % 8 COD fE -k
SR BUBAE N 0.5 ~5 mL-g ™' (6322 ,2008) , 41
DAAFAE - F00By JBERE + 25 0&, £L B3 5300 O 0. 43
0.41,F#&E 4Rk 1.53.1.60, /R 45 (7) 4 COD

FEPY 2 P i B 7 e 5 D 2. 78 ~ 18,76 Al
2.96 ~20.57 , RIRW GRS EB R, =2.5.10,15,
20. Zi G BRI HT AR BUE WSR3 R LGSR 2
7 S8l i X Z I 3 S )R P s G M A R
L5 R 2, AR AT L R 7 L ) HIOBE AR AT R
B S BOUE.

®3 MERSTAAX

Table 3 List of cases for fitting parameters

T YRHLEE /m HA BRE BH #iF & T
i o, B ap DT/ (mPsT') Ry
Casel 0.1 0.01 2.5x10°"° 15
Case2 0.1 0.01 3.5x10°1° 15
Case3 0.5 0.05 2.5x10°"° 15
Cased 1.0 0.10 2.5x107"° 15
Case5 0.1 0.01 2.5x10°"° 2
Caseb 0.1 0.01 2.5x107"° 5
Case7 0.1 0.01 2.5x10°"° 10
Case$ 0.1 0.01 2.5x107"° 20

4 WERS LR MNI1TiE (Results and discussion of
fitting parameters )

4.1 BRIFHEH

BS ~ 87 R 1z R E 8 i i 8 i B
SRS IR VAR 2 o T il I R
Dh AL 38 R Y 1R T3 A 1

MBS AT UL, HEAAR X sk A7 B St e 18 i 4 2 v
KL,k T 202 i TR A B IR R O
I3 325 M 050 2 i e 5018 M A PN K A7 2 . A B
MR DR I, 7K AL S5 AR B 5 4, U B i 3 X
IKII R BERR B AR T S S Y, 0 TR A A
T (& 6.8 7) , g i A o R BUA B IS WS RR A 3
AR, 5 PR ER ) & S MR I R
S R 2= 938 WA TR DN
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5 G FEEmSHBE(EIEHA m) Fig. 7 Distribution of flow velocity in the vertical direction
Fig. 5 Distribution of water level at the site (Horizon: Vertical =5:1)

4.2 ARV HAHHUNEKE
Rl e : ARRA Y HOR B LG K 2ok A AL T
TR ONT XA No. 1 No.2 fL(F 1)y COD MK L5 2
WK R 4 B 45 2R 5 Z 0047 X L, 16 B 3 A Ok
5 B B 6 B 1 1158 S 4
8 WU T A Y 8RBT I i 4 2
H COD-UR Ji i1 42 1 52 . 1T L, 78 AR S35 4% 151
WA BRB AR /N, 24 DM 2.5 x
10 ™% em™s " HEMF] 3.5 x 10" em®™ s ™' B}, ¥ B -IE
FEM 2 A AR /N R TR AR AL AN F 1% .l n)
N T % 5 R0 K L S5 A, o 1 8T BIOFE X
COD 76 MR L )2 i B VR BE i 52 e Al /0N, 456 A
KRAR (WA 5F,2009) , AT BARE D" =
& 6.7 FRHA, M A 300 35 35 JAp Ak 9 A oK T A M 2.5 %10°% em®s .

6 REXETHHHHE

Fig. 6 Distribution of flow velocity in the horizontal direction
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Fig. 8 The effect of diffusion coefficient on the simulation results of borehole
4.3 REEHPE RS Wi m] L B 2 S HICEE S, COD e S5 3 HEAR T
KO B T BRI ARSI RNE REZP T RE M, (FZRA R E, Y o N



1720 w5 #®

I 31 %

0.1 m3EHNE] 1 m, 5 YY) 5% ma R34 in T 40 ~ 50
cm. 73 A7 2 BT BL AR TR BOME T X T G W) 5 B TR 1
SR AR T /N i — 2 WE B T A % b e 2 R
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Fig. 9 The effect of longitudinal dispersivity on simulation results of
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6 Z5if R #E W (Conclusions and suggestions)
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b SR IZ X A COD 3T B I B K T 3 1A s
FRAL,100 4 J5 i KIE B VR E AT 3K 7.0 m, Lo HE 1A
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