CosdrgY g osdxo o aSye ) lw 4

Ll Ay play  Sogll (gamgd g gam S S (g5l A

by e S 25 50 P9
9 Bl

dpog)l oDy (yl pos awdino 09,5 Lol
Email : K.badv@urmia.ac.ir

R
3 ookl b o yalls JoSUse sl ai )b 4 aild, S 4Y G e 5l (gl (dm 93 5 (gan S Sy
ol o3l Cumdy o b Jho (pl 285 13 adlas 3j90 (2L a9 g i S gla S
L3505 (S5l dpndd Cannl iy Ky pitie dild ) SB OY G ghb as 1y dlb; yde 5 0 S5els55s,0un
5 b bzl 02 (Sl oy S5 @ Ky sV 3 039l ke plsie 4 o S Joons J la lef]
3 el Cad a4 o 4 G cdale lpusd g 0dd gyl wiges S YL, a3l a3l Il Liolesl Jobo
daiie g ((gdm S Je) S glasyl 3 IS g clale g ond onyp Slaba 4 SB sy e b Liolojl L
SsSym L] s s Sy (sl S o3liial b s 33,5 8 (s 39 J3p S e
oy S5 it i 3 e sl 09 ot s B 5 045 i (695 b AL gl S

ol

J9g0 5Lil ( alKiolejl Juo b cbse t S sl 23lg



Sz g iz o ASy> ) lw 4l

Blal ol 4 agy Casb) | 2t 20)0 ¥ d90> g,
((sdm 93 9 hm ) Ginlejl 51 )3 o 1028
3,5 oSy

Dtalel 53 3lisel 350 gy s SB Sluogas =) Jgd

"y
3 Slpoguad
Vag (glem’) sl K23 adls
WA (7)diste Cagloy a2 >
YIvY okg J&s
A (F)s a3 2> Casb) a2y
Al (Z)shs > gy a2

Oly=s 4 (e adgl CBlE L e 59l ol ]
D)9 (9=, 019_‘3 a )K U9 9 ol odlazw! b.)}ﬂ odlo
28,5 )8 56 5,90 b talel 5 L

(g2t Sy SJySgn L ] ¥

) csims Sy JorSlpn il alefl AV S5
Ly il (b o) Sy o gl a3 o ol
P48 s e VY ela)l 5 e (ol Ve 5D s
ol 0 LS ol 1,8 gl duid dois S (59,
po)loST G 5l ool ] L (gl i axino 4y g
Se25 S Sl ils s (LSl U conl osds Juog
Al 4wl

OS5l oolawl b g 4Y Hlea 55 ond odlel S5
SLs glis)) 45 gysb oas pSTyze dlg) J5I )3 w515
S 5l gl asged iy yio (Bl WY 4 oS15 5
okl b s 5 5y IS5 S adgl clals s ol
&l opis Ol (S ¢l oyin O Jlasiul oKz |l
O 08w jl eslatal b IS g cdale g ond Jlascil
J31 5> S 151,551 g abolody 035 oy e
b SB gy m 59,8 0 o3bel Jolomo ¢ otaloj] Ay
£33 ooy 5 (0390 (pa)ord as) e il £ ¢le5)
5 phaie yob a Gialafl Jobo 0 08 i Slo]]
9 03d Cudldpy Sy b 03gl] (550 5l Wiges S &l
2 O3S0 Jodome g oad a8l e Of ] poe oo
Cale s sl b wg0d cnl Gialejl bl ) 45 03
A g bl Bl (e g 0ud SIS
(Ya S 50 (gl opld bla)as S waw s loj 4y Canad

L o alss SLs (VL 5l Jgbre talejl oL 5

dodde - )
23 & dbj alpd )3 3290 olerd b G
Jalse by lg (0 398 (o0 gex dbj sla i
cip 5 (Diffusion) JySly— A opn 5
5 03)S youe (Plo pi SB gl &Y I (Advection)
» (Rowe et al., 1995) sy Juwejpj ol @le 4
hre i 3l o8l 4 gy ol Sy pas s
il ele oK ekd s cdyli S ele
Y 5 e US o il GBI 1 oS JoSse
S el Wilg o bl 03939 4 ke pj S
S iledie 98 ol Bib 4 Slend la g
ale > JSge slisl dipylo 4 (Sogl 8 am
1996a,1996b; Rowe et al., ) Cuol o )15 ole

1995,2000 and mahooti, 2004 , badv and
faridfard, 2004, badv and Rowe, 1996, Rowe
and badv,badv, 2004,badv and

Silbdde  oand 3 (abdolalizadeh,2004,badv

3929 (505 (ode @l g 9 ©yp0 4 (JoSUge L]
boadlae cpl 5o ol (i G dajls 9 30
Cansy Sy aBRilyl a1 edlaul
So ol o5 by pdae S pj d SFdisrke
Syl jny S 4 (e () S 2B Y
S il apd pals JoSdge sl (S o Jole
la Liolosl )3 odgll o3le lgie dr audws yo, 87 Jglome
@ Og g S eSS g Jae s eolid
upd e el g 4355 adllae 390 00 051520
Jao 2Balojl )3, (SB 5 IS g (JeSUge Ll
(Pollute ,I53l p) Sy Jho o b
A O s 9> S ped Jhe 3 S (G e
ol 330 S5 &Y plan 53 Jslye i sl
Caod & JoSg0 jlissl o s oolatwl b g a8)S I\
sl b aliolosl Jao Jld) (oam SO o 5l ol
i i (Migrate 5l )55 S5 e 5
PS5l Ll O ols dlie ol kel cany

ol o5 1)

& Lislol 55 aaliius! 5,90 dlgo -
odliwl 3)50 (o) Sl SB Cliogas N Jsux
35T elg 5o ol SB sy o plis |y b ialosl 5o
5 03d ) ¥ oylads S 5l conds 5y95 0ns Siis



Chiloride Concendratian in

Sz g iz o ASy> ) lw 4l

sLel Ginlesl g oas assy,y 50 J3b 0 jresle
VNS

3
E 2000
- [l
8 .
§ 170 o,
E T
£ 1500
>
&
= o 2 4 B ] 10 12
o Flapsed Time {days)
Chbaride |CF | Caneeniration (mgl)
l.'.':l 500 1000 1600 2000
E o4
H
; L
7
L]
1 Diffusion Test Cell
12

(5 e L ] S o] ol il - K
O g olej 4 Cams ;IS e cale Wl (a) 1 e
S i) 5 S g el @y (b) (Sogl

Jsxe 51 alis) 9 ape sobo 4y Stalesl Jobo 5>
e Ol digei o o g 00l (432 digel ()0
i g 0sd 3BT IS g0 (sl by diges 13,5 asles]
P Y J58) 038 i Gloj i SIS (g il
s S5 b adss o35 5l Jsle (talef] (b
wdb ol Kb @pe lalad 4 0 S5 Bl (o)
sl oyin Ol g 01 (55 ojlul labad gl 4>
Jsloeo 3 IS 90 clile 1,58 Jlasetal S5 olakss
55 45 Sy 50 0ddh (6,5 031 o el (gl
bl B35y JS5 @ p0 ilalad lawg ‘_‘,T bla a8 s
losalio sy (couie (2b (19 (o) b w5 0
97 JSB s3SI (g ol clale oo
e asbl )3)S6)55 g (sl ol (gla ixxie I Wiges
fo¥mg/L g Avmg/L slaclale ol ]y (59 o
A (oo oyl

o g 515 5 S Ggms g A Sy 3] o0li
Cogby )0 5 @b oy (Sgle Slabad 4y 01h 03
asbd o gl oyin Of L b (65 05l0] axkd yn
Sl S gl oy sl 6lK03 Lausgs
5 0kd 65 ol (gl oyi> Ol 3 IS g e o
S L) 4y s S (it il Sl i
Ya JWil 3 (Vb S5 j0 sl opls blas)as )5 w5
Slo 03> (59 0db Fdale S )eS sl (Jxie T
ol o el )3 48 Wigd e osalin jo 2Kl

Cw!

s S JsSlo sl lef] - U3

x93 (JoNg0 Uil yiylejl ¥

otelafl oy (ly § Slods g ¥ IS
a2 (oo LS ) gangd JsUge L]

Y slal an S ST 5y9 a9 5l olKawd o]
A 015 S (8l Y 5 (81 il
) i ol VA b & o sla 59 Loy
Ayl e ol b3l 590 S anai (¢l Ly 4
Dgd (oo Ay w4 000 9 gy (O L ol
ol sy gly Site s oK wd YL
S aiga ol 005 a (s 29)18" Jsloxe)ods]
3 olKiwd 315 53 g 0ad agd Jol ialojl aile
WSho 5l G S )5 1Syt (6 pienils ¥ slaayY
YIA 5 d @58) ptouiles Vo o (o88]) ol Yo dlal (]l
Db 53 5 Ly gl 3 g i il
ALl B acs oslinl (o O (sl 8 5 o3l 3500
S JSs) aal asls sy g SIS paw 5l il
FIN 6L U 5 nn Sl Ly s 1,15 b



Sz g iz o ASy> ) lw 4l

s
]
7]

—

L ELE

:
u — T

c=Biml

m—CCARLCT

&
S e Koo g ol odnlie clale oa ola isxie —F S
g Avmg/l cla e ble o,y SLS gin 95 pboiio

S 9 Jose Lzl zolejl 5 ¥oYmg/I

S oxgdl ovle S5 (eam 5 (JoSge Ll
:(Rowe etal., 1995)35s o iy o dlaly lawgs
0)
oc  °C

O+ pK,)—=6D
( + Pl d)at azz

:.39.3 .Mb|9>).:) 4]:»‘) C'.:)Q..a.g S 3.) hi‘)*ﬁ)DQ

(v)
oc ¢ d'c
0+ pK, )5 =D, 2. +6D, 2,

Hhicssl oyt i 4 Dy 9 D, Yalse (ol
{LUYT)( )il 5 (2) o5 cner )3 (3 J9Sge
5 (LM)SK iy cups Kg  MIL)S Sis
5 (M/L)SK J5b 13y 47 Cusbge 3 o9 clalé ©
Al o (T o
N33l oy 3l sam Sy JoSlge Ll talojl 5
» 9 (POLLUTE (Rowe and Booker,1994))
N33l p s 3l sam 99 J5Sgo il Sl
«!— (MIGRATE(Rowe and Booker, 1995))

FAW i e 1 o

am

4 D O o0 0 O a

(Cml)) (im0 Jg s jlisl ilejl oKy =Y JSWS
(G2) mdpe e 5 M o) 5 Joe Siled S5
JAe (g pga

&

—
—worslcal

E

g

Chilor ok Corcsrad on (g L)
E E

E

D 4 8 8 0 Mle DR NIl NRHE RN
Tine {dayy

S s Sl S5 S ps8 etalio gl — F JSub
5> JoSge Ll Galesl o ¢ o9l i )3 oo 4 s

Uinlel (LU 5l s S5 oas ok labed — O JSKWS
S 9 Joge sl




Sz g iz o ASy> ) lw 4l

93 9 m S sla Lol 5l eael coants JsSge
5 48 Gl 300 polae cp BMB! 5 04> 2935 (gix
S gluil g cugly il polio » (Sia AMWSI

piob olis! glalbs yoen 5 Giulejl 90 0 La
RO BN C 181

o mE-Y

SaS c8 S amd olss oo 358 ptale] 99 5]
slp bl (GSen 5 ©g gl bulyd ()l SB axls
bulyd 3> S g Jsge il 0925 (S
Fodsl cowry (o jlisl cup 5l OlgF (o g 5
Lol 55,5 oalil wlie SB (clyp an S Liolol
05 9 5 ol SB > (gun S J5Sge il ioloj]
sl giny 93 Gtalesl ) 5 4o
P9y 5 linlejl (sla Jas W sanlie aSilizen
1y Josd U gl La Ltalasl s o1 edlisal (gla
5 0dd odlaiiwl G ys sl Jao puizmen 0D Cundy
Jo (gl sanlio) alutslojl i3, szl adlla )
Lo Jae cnl 18 i i (9> 0 ) (03 sl
Jl 3 g SUs s Sl Jlisl ldlbs 3 ol o
o 0y (2o

&lp A
1-Badv, K. 2004. An overview on the
laboratory modelling of the secondary leachate
collection system of a landfill, 1st Water and
Environment Specialty Conference of
the Canadian Society for Civil Engineering,
Saskatoon, Canada, pp. WE-97-1-8.
2-Badv, K.and Abdolalizadeh, R. 2004. A
laboratory investigation on the hydraulic trap
effect in minimizing chloride migration
through silt, Iranian Journal of Science and
Technology, Transaction B, 28, No. B1: 107-
118.
3-Badv, K. and Faridfard, M.R. 2004.
Laboratory determination of water retention
and
diffusion coefficient in unsaturated sand,
Water, Air, and Soil Pollution, Kluwer
Academic Publishers, (Accepted).
4-Badv, K. and Mahooti, A.A. 2004.
Advective-diffusive  and  hydraulic trap
modeling in
two and three layer soil systems, Iranian
Journal of Science and Technology,
Transaction B, Vol. 28, No. B5: 559-572.

Sopst Oygany (2L la Juo 8, (i e
sla lidle s p ey a Y o) Gl .uib oolawl
(S jed Lo 0ald (Ol wlore (gly Ll oads dnxs 368
9 i balyd olyen 4 (58 Juo wdid olond
9 04 ;a_>)su d\_ﬂl))J 4 “_;‘9_§J9,o )Lw_ul A.,u).ao Li)
Sl oley 7 eale (i Joli a5 4y (295
Sy Jie)Ss plisy) — cdale | iomia g adgll 5
(3 93 Jao) S5 (o0 gate — clale 5 (s
oanliie cla odly (g9, Lo owo opl g 1] o vy
ot oS JoSge il oy o] Bgh (oo o)
5 (gl (P Gy slo (o o 1) Gl
N Jlisl o s lgie 4 cmd doni (gl odalin

D9 o B! lejl 3)90 () S 3 IS 5

S5 W g Cou —F
G Sy (oS0 Uil i lojl —F-9

ohaleil 390 SB 3 I8 g (J9SUse )L“lg' Nl
¥ USCS e &S 15 ol 5/07x10""m” /s o
Sms8 g sl omlis @l (pm 1) Bl cp i
Cgoboy &3 0 4505 ( POLLUTE ol wlw)
a2y VALl ol gLk 3 SB e
O3S alis gl SLs 5 8 e ln S5
Uee oy glgie 49 30 Sloran (oole @lio ) 005
] odliwl y9-0 (gdmr 93 yinloj] luwlee 4
Badv and Abdolalizadeh, 2004 , Rowe ) .c8,5
.(and badv, 996a

sn1 39 JsSgn il tlef] -5
G 93 Linlojl )3 oad WSt () cdow S
il calps T g (Sen 5 09595l bulyd (sl
W8 Cu 93 3 SBp S e ln Oy J5Sse
oy 425 { DD, sdi] ol o i
a2 9 YU L sl ptalesl bk o SB oo
oanlio palie b polie oyl 09 WAL L ply o] gl
3oy (S35 Gls st dm So Gl jl el
9 e )L e >
L S0)g8 Slwle 0D =D =5/23x107""m? /s
$ 5 F JKal ke g 15 odlizsl MIGRATE 33l 55

9 dl odalis @l—-u O ‘) c_;’?" d;l_.\a; ﬁ'jl_s" d_’l
il ol o (295 )l b a9



Sz g iz o ASy> ) lw 4l

5-Badv, K. and Rowe, R.K. 1996.
Contaminant transport through a soil liner
underlain by

an unsaturated stone collection layer, Canadian
Geotechnical Journal, 33: 416-430.

Rowe, RK. and Badv, K. 1996a. Chloride
migration through clay underlain by fine

sand or silt, ASCE - Journal of Geotechnical
Engineering, 122(1): 60-68.

6-Rowe, R.K. and Badv, K. 1996b. Advective-
diffusive contaminant migration in

unsaturated coarse sand and fine gravel, ASCE
- Journal of Geotechnical

Engineering, 122(12): 965-975.

7-Rowe, R.K. and Booker, J.R. POLLUTE v.6.
© 1983, 1990, 1994. 1D pollutant

migration through a non-homogeneous soil,
Distributed by GAEA Environmental
Engineering Ltd., 44 Canadian Oaks Drive,
Whitby, Ontario, Canada.

8-Rowe, R.K. and Booker, J.R. © 1988, 1995.
MIGRATE V9 — analysis of 2-D pollutant
migration in a non-homogeneous soil system:
Users manual, Distributed by GAEA
Environmental Engineering Ltd., 44 Canadian
Oaks Drive, Whitby, Ontario,

Canada.

9-Rowe, R.K., Booker, J.R. and Quigley, R.M.
1995. Clayey barrier systems for waste
disposal facilities, E & FN Spon (Chapman &
Hall), London.

10-Rowe, R.K., Caers, C. J., Reynolds, G. and
Chan, C. 2000. Design and construction of
barrier system for the Halton Landfill,
Canadian Geotechnical Journal, 37(3): 662-
675.



Laboratory simulation of one and two dimensional
contaminant transport by pure diffusion underneath

a solid waste landfill

K. Badv
Associate Professor, Department of Civil Engineering, Urmia University, Urmia, Iran
Email : K.badv@urmia.ac.ir

One and two dimensional contaminant transport by pure diffusion through single
layer of fine grained soil was investigated using one and two dimensional laboratory
models. These models simulated a simple hydrogeologic situation underneath a solid
waste landfill comprising a fine grained soil overlying a bed rock. Sodium chloride
solution was sued as a contaminant source above a compacted clayey soil. During the
tests samples were taken from the source solution above the soil sample and the
chloride concentration change with time was observed. At the end of the tests the soil
sample was sliced and the concentration profile was obtained through the soil layer.
Then using the theoretical models the observed data was compared with the
theoretical predictions and the diffusion coefficient of chloride at the tested soils was
obtained. A good agreement was obtained between the observed and predicted data.

Keywords: Land Fill, Experimental, Diffusion.





