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! Convection-dispersion equation
2 Mobile—immobile model



Ol 2 B pols 0 )5 oddd il

LS 5 S ool alaly g S callio gm0 VWAF g s AL S

C., ML73) olg, pswcdale C o «L3L3)aST) ab Coghy O (L3 L3) g, ide Cugb,y O 398 Lailg, 5o
3Ty 5 olyy 4ol G oy Jobs o © s LT g,y a4l o O Copus 2 Ske V) (M L73) 05T, aml cdale
g oo iy y15 oy alaly 5H(L) Job axlg b (A) S 50 4l 0,50 Sbo, Mg pdu Ll el asb o AT

D
A== 5
v @

alaly ol 5hastee S 38l 0 (LT b, Ce o bawgin 9 (L2 T  Silyog,oue jlal o o cui s 4V D
Al ga JU! o (Sealindgjann (Saidn (s ial33l easmoplis cob V LA oo il a5 o8 blatul oy o0
L Jow 3 C/Co 3,91 y <85 9 MIM 4 CDE (gl Juo s oyl cyuois
Gk 5l (4w b jho 650,500 sbbaz ,o 5 e bl +Y T L L) glsl cusb, SJl> s MIM Jow 3 CDE. Jow (sl el b
03 oeezs (Toride et al. 2003) CXTFIT l38le 5 5l oolaiwl b weSae J> (59, 4 (BTC) ais, svie sbvosls (o3l
755 ) st Sl 5l Jslne 29,5 o o ome e e sy o 60 1Y gz 5 ol qulis i
YJ5sz i e MIM Juo 5 CDE oo (sl sy sl 5 45 (siomio 6 503l Ol Sz s50,%el 4250 50 1 Gio
S3ka) MIM 5 CDE Jue 93 (3510 (R (e ca 72 9 (D) (Sealindgyind (St (V) Lawgio 395 s pos polise
ol by ad leslaiul b as’ el gz ools (V) lawgio 3985 Cae o 020 oo lid S5 90 12 6l |, (1,55 4w
CDE Jus 93 ;0 5,500 az 0 j2 50 (nlpli) Cosl oads Jow o)l g dslns S 51 S5 50 30 (650,500 a0 50 ol
wdly (ol Logas 55,500 az )0 (il LD 5V jiolie g e 00y ¥ Jsozr 5o a5 jsbiles (il oo ol MIM
OMES &y 4z g5 L (0Bl e (Zsme 5 75 Gl eized 5 Ol Gl yz s alaie gl GhalS il o el onl e ool
Ol plo @l b mls nl anlie JSLIMIM 5 CDE (sla Joo syl )l 59, 2 32,50 23U ae ) gl Slalllas

) PP 9 Suhpyd S (i Wosls  MIM g CDE Juw 95 (031 3l ol b sl )l Y Joux

MIM CDE -

R? ® B D Y, R Rr D Vs
A<D FA X0 < cAAE . OVY - Avay SYY DY e eBYY Ao

SAAYE O FEY SYY e eveq . efYA CAYAY e /¥AY XYY o e¥YA \
S AAYY FVE  eYA VYR e eYYY SAVAY O FYY cNBAe . eYYY Y ’:’}
SAVEY O YAY e YS e eYSE . eNOY . Ay N L UYL 2 YN v o<
- AAVA 8F  -YU -AYR . YYF - AAaY SV« AVF o eYYE A

SAMF Y SXY YAS YO - AATY SEY e YAY oYY \
- Ava) Y Y0P < )0F < )AY - AYAY SEY VA < )AY S
- AAFA A R LA R R VI SYA < 0FY YA v

3G ps Re (CmPmin) Seelinag o  Sawisy cu o D emminy 3l ;o of ey (ke VoSl O oo 532 B oJsl 4550 Jobs cu o 0
YU S sled ;o MIM Jus 9 CDE Jow (55l (e o 50 05 o0 00pline ¥ (slo Jgu j0 a5 disS Jlad (pioren
Mo sine 0,0 O Jloi] o j0 owypg) 5 Sy S sladiges oled lp Jol> R? .ol + A2AY T JBlos g o0g
Jae 0 wlegy e sl (R 30 ,guS1 ailadl, o5l oyl 5 93 4 MIM g CDE (slo Jow a0 oo lis a5 co]
Kamra et) o eoliiwl CDE (gl p oo dlons Ry 5l 55 MIM o ,8) 33,5 8,41 CXTFIT S33le 5 5l eslasl L CDE

.(al. 2001
Q) s pdy Sl o 9o o Tendp il cupo 4 (Sinlyogyame (Sapisy cupd # dolas 5l ool |

3 Dispersivity
4 Dispersivity



Ol 2 B pols 0 )5 oddd il

LS 5 S ool alaly g S callio gm0 VWAF g s AL S

9009 2,25 el b A el S 38l 5o Jawgio ey axly 15l 4 Solindgjaun ( Sosisy co o labe sasasylis
S 0zt g lalojl (el cush jladie (ST 0 Ol b 2 Gal (S (Seal ke (2l alox I aliss Jolse 4,
Uil 38 Ache « S 50 Cogb, malS U yaiomen .l Seal oS 5l 1S (Kes slaSBE 0 A (\YAY ule) 5)ls
D 59 SISl 52,5 4259 e b 5 o 030 A I3 (50,50 Gl L 5 b i 50 o5 oo

Dilosisges b, Cughb, ielS LA iol58l o olise ol 55 (2003) Toride et al. .o oanlive

oy 9 ey S g0 glp 5,5 il a3 13 CDE Jue (€M) ) s pdy jLis! < pb —F Jgu

MIM Jae CDE Jus .
: : G CE g
= £ eyl =) Py eyl
\ OA V00 Y VE Y5 o
VAT \SY Y AN YAY \
- Ad Y FY Y AD £, Y
A \VE YAf fAY ¥

2l D IV IS ) (B Je 53 58 55 58l ey psolie il 45 o5 Lzl Gl oo 7 alales
Lee et .coul 48,5 18 iy dblis jeiam il o iy wylog s JUsl a8 el ol ,Ska (Jore 55, ,9) A (g YU
w25 ol Ssl> slaogie ln (4855 9% (Sob pleidle (s gl S8L) 03,550 sl S ) (2001) al.
(o) @ el )y aio sl Caws 4 (5 5855 (Senlinogyien (Sondidy copd ez ol W Glapgiw 4 o
P MIM Jas 5wl o MIM Joe ;5 051, 5 ols, 4l 55 o (B aslllas ol 1) 3ol oo yz Jols o)lsee S5l
@ Jols nl ©ad 59,5 o0 g (JeUge jLal anTs 5150 L aS1y 5 ol 4l 50 (e kel Jobs a8 el )
oilbee ol (WWAY owlie) o)ls Sy 0Ty 4l Bl gwsid sbd S99 o> (b, Dol il 5 uled
b GllaSs (e 38L) s, aeml 55 s 2Okl Jobs a5 59 s el (V) oSy 3l o Ol g T sy
plxil (g yiinn Jlade 4 S5 50 wyleg p cwldl fyloy ol 5 SYeb Cde @y (5, L llaS> 9,0 A3Lk) oS, 5 (o
S iy o il A Wiy aseS ol 4 lade ol (Ersahin et al. 2002) wb oo il @ ass o 0,5
Lol SB 50 Sl gy a3, KL 05155 lsy w50 G oo SIS are Gy S e (Seslisg e
s3e Jo Gl b cdls wealss SR A 50 ez Ol sl slaoste ;0 85 S am Gl Gl
O B s 3l g 5,5l sole L baailaSs iy ot sasligy corge Ylaiol o)l duios o o] (aalidl g (530,50
o ¥ Jgez 0 a8 el oas D gV all Lo coyo 2alS coge a5 058 oo ol JWl o glalass 9,0 d8le oyl
el oanlie L6

&L

oS Latli g Cugh, (6l ey SB 65,500 185b ATAF 2l bl g .3 ols wpp 6l v solm
YF LAY ladamio F/) o)led YO al> (S 5 0T iils cglite cib b SB g0 0 (b

N B VVY glaamin ¥ o,led YO al (S 5 O Liils o s

Ol oBzils ol jlacsl ad oy S 558 ATAY LB swle

Arye G., Tarchitzky J. and Chen Y. 2011. Treated wastewater effects on water repellency and soil hydraulic
properties of soil aquifer treatment infiltration basins. J. Hydrol. 397:136-145.

Clothier B.E., Vogeler I., and Magesan G.N. 2000. The breakdown of water repellency and solute transport
through a hydrophobic soil. J Hydrol 231-232:255-264.

Coats K.H. and Smith, B. D. 1964. Dead-end pore volume and dispersion in porous media. Soc. Petrol. Eng. J. 4:
73-84.



Ol 2 B pols 0 )5 oddd il

LS 5 S ool alaly g S callio gm0 VWAF g s AL S

Dekker L.W. and Ritsema C.J. 1994. How water moves in a water repellent sandy soil: 1. Potential and actual
water repellency. Water Resour. Res. 30:2507-2517.

Dekker L.W. and Ritsema C.J. 1996. Uneven moisture patterns in water repellent soils. Geoderma. 70:87-99.

Dekker L.W. Ritsema C.J., Oostindie K., Moore D. and Wesseling, J.G. 2009. Methods for determining soil water
repellency on field-moist samples. Water Resour. Res. 45: W00D33, 1-6.

Doerr S.H., Shakesby R.A., Blake W.H., Chafer C.J., Humphreys G.S. and Wallbrink P.J. 2006. Effects of
differing wildfire severities on soil wettability and implications for hydrological response. J. Hydrol. 319:
295-311.

Ersahin S., Papendick R.1., Smith J.L. Keller C.K. and Manoranjan V.S. 2002. Macropore transport of bromide
as influenced by soil structure differences. Geoderma 108: 207-223.

Jarvis N., Etana A. and Stagnitti F. 2008. Water repellency, near-saturated infiltration and preferential solute
transport in a macroporous clay soil. Geoderma 143:223-230.

Jury W. and Horton R. 2004. Soil Physics. John Wiley and Sons, Inc. Hoboken, New Jersey, USA.

Kamra S.K., Lennartz B., van Genuchten M.T. and Widmoser P. 2001. Evaluating non-equilibrium solute
transport in small soil columns. J. Contam. Hydrol. 48: 189- 212.

Kamra S.K. and Lennartz B. 2005. Quantitative indices to characterize the extent of preferential flow in soils.
Environmental Modeling & Software 20:903- 915.

Lapidus L. and Amundson N.R. 1952. A descriptive theory of leaching. Mathmatics of adsorption beds. J. Phys.
Chem. 56: 984- 988.

Lee J., Horton R., Noborio K. and Jaynes, D.B. 2001. Characterization of preferential flow in undisturbed
structured soil columns using a vertical TDR probe. J. Contam. Hydro. 51: 131- 14.

Leelamanie D.A.L., Karube J. and Yoshida A. 2008. Characterizing water repellency indices: Contact angle and
water drop penetration time of hydrophobized sand. Soil Sci. Plant Nutr. 54:179-187.

Lipsius K. and Mooney S.J. 2006. Using image analysis of tracer staining to examine the infiltration patterns in a
water repellent contaminated sandy soil. Geoderma 136:865-875.

Ritsema C.J. and Dekker L.W. 1998. Three-dimensional patterns of moisture, water repellency, bromide and pH
in a sandy soil. J. Contam. Hydrol. 31:295-313.

Ritsema C.J. and Dekker L.W. 2003. Soil Water Repellency: Occurrence, Consequences and Amelioration.
Elsevier, 352pp.

Toride N., Leij F.J. and Van Genuchten M.T. 1999. The CXTFIT Code for Estimating Transport Parameters from
Laboratory or Field Tracer Experiments. Version 2.1.

Toride N., Inoue M. and Leij F.J. 2003. Hydrodynamic dispersion in an unsaturated dune sand. Soil Sci. Soc. Am.
J. 67:703- 712.

Effects of water repellency on Bromide transport parameters in soil
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Abstract

Several reports indicate presence of water repellency in various soils at different types of climate. However, few
investigations have been carried out studying the effect of water repellency on solute transport models parameters.
In this research, two clay loam and sandy loam soils were sampled from the areas around Kaleybar city, East-
Azarbaijan province (Iran), and artificially hydrophobized by stearic acid at different concentrations to yield five
various degrees (0 to 4) of water repellency and their effects on bromide transport models (convection—dispersion
(CDE) and mobile-immobile model (MIM)) parameters were investigated. Bromide transport in soil was
examined by using calcium bromide solution (0.01 M) to obtain the bromide breakthrough curve in disturbed
experimental soil columns and the CDE and MIM transport parameters were determined using the CXTFIT
software. Results indicated that the average infiltration rate (V) and hydrodynamic dispersion (D) decreased with
increasing the degree of water repellency. Also, increasing the degree of water repellency caused increasing in
dispersivity index (A).

Keywords: Breakthrough curve, Bromide, solute transport models, Water repellency.



