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Abstract

Background and Objectives: Hydrodynamic dispersion rate of solutes in soil is considered as the
major parameter for pollution and solutes transport in soil, which is related to pollutant transport
distance. As fractal geometry theory and geostatistical theory are capable of explaining and predicting
the distance-related phenomena, this research used fractal geometry and geostatistics method for
determining dispersivity.

Methods: Solutes transport experiment was carried out at 16 points of soil vertical column with a
diameter of 10 centimeters and a length of 1 meter and BTCs were extracted at the depth of 6, 12, 18,
24, 30, 36, 42, 54, 48, 60, 66, 72, 78, 90, 84, 96 centimeters from the model bottom. CDE equation
was then fitted with the BTCs with respect to the fractal assumptions on dispersivity coefficients.
Findings: With respect to phosphorus absorption experiments in soil, phosphorus adsorption isotherm
had the best fitting at 4, 12, 25, 50, 70 mg/l of phosphorus concentrations. The results showed that
both methods are capable of predicting changes and increase of dispersivity coefficient in soil column
after performing a mean-comparison test. However, fractal geometry method estimated values at a
higher accuracy.

Discussion and Conclusion: Result showed that, dispersivity along the sample followed the
exponential relation. The regression coefficients of the fractal and geostatistical models in predicting
dispersivity values were 0.97 and 0.84, respectively.

Keywords: Dispersivity, Solutes Transport, Vertical Column, Theory of Fractal Geometry,
Geostatistics
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4 -Radial Injection
5 -Pulse Injection
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1 -Dispersivity
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3 -Travel Distance
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2 - Advection Dispersion Equation
3- Fractional Advection Dispersion Equation
4 - Fractional
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1- Discrete Layers
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1 -Dispersivity
2 -Macro dispersion

Sl dd g 0aisS s Sl liie Jale oS wnn) 4
Sl S o Al S >

slacclale o1, S ez (\YV) Nasser 4 Darby
E5 5 sinley] 8,50 S il aisges ialesl ol i calises
Gilises ol 5o, e b as slonlas clislel g casl
Sglite Liolajl 890 S 0 o)) sl i cdale &l s
a5l oolaiwl b ol s o9a0] (g5le Jaw og dalss
OFw 0 Pl &S > 9> 4 CXFIT 4 Hydrus-2D
Dged Joo |, S

HYDRUS Jo 3l soliul L (VF) ;LS s Chou
Sl bl assges Jas ailbog, )0 4|y el &5 >
oo la 2> b Jae slagzg > Sl sl S gt
o 4b, LS4 ol s g ool Uil - ,Lacs)
el o ite el 5 e le ¥ OB D 0 ol
-5 Al 6y ladl jlade 4y )by e s a5 Slolias
L g pdg ladl jlade gldl pe ol <l o (Jg aily
els Lyl ol s

3 oobidie ole 3G (s, 1, 095 Slalllas (V0) Chamkha
I el 59 g5 ol ol SLs s snims 28Ty 25kl Jas!
oolie L g pio Lasl cu po Gl 58,5 Sas )3 Cue
o g gladex sz g Sy ggi 5l a5 olo)l8 g5 090
Sl s o Sy eole Qi og s e o
©ods J= 5l g <8 55 18 solatul 0,90 S0 #O! Jlal
Sle mls sl s gl a5 eslil Lel - Jlzsl b
ot SB el el &8 e Wl e e 6y la]

Al (5594
elal by yo el gleal> IS doles -l

a Glasl - glals o S sdolae S 5 eges

o] 00 dil)‘ 2 Lgoﬁ)lf 9 oolw Oyg0

oc d’c dc

V— )
ot di>




A5 lawsli VY o)kl (o ) uzxo (65909555 g pole YA

o 9 (K9 38 Sldglosl s -V Jgua
S
Tablel. Results of soil physical and chemical

properties.

) Agos

YA (Ppm) yiuws

£130 PH
V/FaY dS/M) S s e lon
Atd OC% T ¢33 55 a0 ys
1A TNV Sl w0
VY'Y @ricm3) g, JEo
Y/Ya @ricm3) s J&=>
Yo (1) e

1) VA"

Of (L) oo
e b

AY) P e

i s e Sltglej] Y
1ol oolaiw] jaud odigl iz yais l yol> jumgh jo
— ) bl s oS Car ke psnl o
dgad oy yaed s Diz Slaglel el oY Lacl
4t Ol (b plie 5 (55)5laS euSiails gl 5l a5 S
dHs 0 S o 5V ke il plil 5 &g 4 g 0o
peelS IS Jslome 2l (oo T Ol 5 i 55 5l o)
msheo Vou0--YO-VY-F slacdale 4 jaud g5l> Yeo V)
Jolis poiselies Sas 5l a5 jaud 2l o e
@) elgi o,lad g0 5 adlol og ouls a4y [(NH4)2HPO4
JORCIRV-JEERNINRTET S SRS IS PP NISS
mools IS (Sile 00ips ST lawgy agds Ve e 4y b
ol F sl 4z 10 YO (slos jo 58w celu YY 51y g 00
gl (LL o al eols I8 Ko aids T e @

L) azdo ;0 j90 Veor b oagds Vo Ooe @ 58 ,0le

g lasil Sless 5 0l )T 5o Gl Sy i el
ol lr (2b) slagty, 5l (Kool olpen ) (Sl
Mandelbrot .wsb o ' JiSTys anoss is, oLl sy
Syl Jrol ol JBSTR gy bl 2l Gl VV)
WS el S Cere P STl A5 plmossny oS wlly o
S5 pl 4y ey Gl Wigdipe H1SS Gl sla ulide o
&S0yl Mandelbrot soe 4 ogi oo axslis ' gund
Selete mls Oglaie o wliie b puiitns i > G sk
SrSolul whie Jlo job 4 ST a5 (gpobay 5)lopys |,
oolidie a5 Slojy byl o Cewdas a5 go0e ail V. .km
Mandelbrot .se salys cglice asb M (5 5ol
SrSolul axly 4y as syls gz 0L Job aS sloglias
2l oo Loy ye

N7 = et luie )
T =55 ool axly N= b asly sl J= culi Jsb
foio)ly 009, o
F=y 31 o st 1Y 9) oo s polia Taadal) ol o
g polivwms pf da 0L YV 51 g 00g peiies L3> il
Grdlasl cuye Gm (398 Ak luly ol plal
35 98 S A0 s e &S A s Jsb
"o B )y aly wAL JUSTS Sjgo 4 e oS S
00,5

=0 X' ®)

S aiges Job il L a8 ol dlaas ! Sl (0) abal,
Uy lde sl =) ST .ol o (ol3dl Jeb jlassl co o

20,5 ol b pln

L 59,9 dlgo
Bl S lesd 5 Sopd Shogas e )
sols Gl (V) oz 55 S sliands 5 Saped oligles

1 - Fractal geometry
2 - Self- Similarity



Y4

ee P (0B S Sy 55 g JUSTyS gy Ay Lo

gl B al b S 3y p a5 Op ead JSET (25,5
i Joe &S 50 45 (699,8 Ceomd el 3 ol ol
Sy Jde @S Coond [0l oo JFe Jans o)lg 940 00l
SrSskr sl iU az )l oy (A Sy G 5l amio
Loy se jlean¥T g Of ciils 0459 S &l)d 5, 5l
oo andsd 1ol S g J S 5l SO prme (2l Jsb po a5 0l
A 53 358 S S olr e 4 190 3959 51 B Eulls 392
S DFFYFA XS X DATE Y Scls Jsb 4o 5 Joe
a aleds (Joe S 5l e ool A5 ARAL YA VY S5
woliinl 8y50 (S5 Joe 0gi00d dsd (6,5 dgel Holaie

Sl 00l oals ioles (V) IS5 j0

590 56l (Hettich K25 Jos 598 e olKiws 5 ol
29y Jslme 990 Y 5l pligelol Jgam jslaie 4y .0y 5
a4 yand cdale eew ol ooly e FY ily blo ilS
2 b e Dol 0s,T sl by 9 (Bse L)
x i i ke b 5ol altd Jpboun 5 2l sl
o0l iz jlalie fyaad (gl ol a8 S LA o S alws @
sae «SB p FekS oS idee sy S g i
Jsle 9 adgl Jolome yo jaud lade o )85 51 Jol>
29 wre Gl (e ¥o) aidy B4 Jolome o> )0 2l
0,8 el o oolaiwl S 39

o5 (S Joe T

4 PVC 4y & walaolejl jo solanwl 8,50 (So5ud Jow

T Opke
" s¥T g
Qom
il
-
o
)
o - Ill
o )
= I E=TN
sl o
&
Ly [rF AR g
- ¥ ] ..
NESRERTEE , ‘
Selan dal sy b Ll

Gz 50 ou ooliwl (S b Juo —) JSSU
Figurel. Schema of physical model

X-Y| *)

1 1
Sp (i+*)
Nx Ny

s Y oy olalel 5l Jobs gl X ahal; ol jo o5

t=

390 2 Sp alaly pl po il o Yol 5l ol

ol 5 eseliwwsas T lade aibice Y g X ansl> il )lg

oo lo el )ly aingy polie (yoens =¥
Qi g 3l Jolb mls slaSle Oglss oy n sl
90 Al 5 5 aud Qi Glapdgnl s S lawg 4l
(T- oSl amslio Ggojl 5 (JUSTS 5 Sizm S 3,
@ Sl 90 duslie gl T akal; o solawul Student)

Sl g0 ) ©ype




A5 Lol VY 0 ylodh e § daammo (6559355 g pole f.

slabeops asllls bl gl and (b iz -)
=l ol sl oals 1Y) Jgoz ;o0 S j0 s Qi
Hd LS| (095 4 ap Sonl jl plaS e oS ams oo plis
s e ol | eud (e Qe s g ol 50 el
el el 00 o0ls L (F) Jgom 45 45 jsbislen
T- bl ool L Lo oo ol 516 52 sl (Soron

o=l Ol 51 ol e s e duo s iy mlaws o StUdENE

sl 5 olil s b sl Johr tyalie b ala,
FoS e (] 45 (50 53 5 99,5 (o0 dmglie (re Lol
eSilee iglss 090 o e simolis il Jeum T
e Dl 5l (S aScnl 4 azgi b adl oo analz 90 slo
GAlr 033l lp adlige anslzr 90 Guibly g iln T ass
F ol onl j0 0gi o0 oolatwl F ass5 5l anals g0 il )lg
Fagme o wpboe amlie Joax F L5 acilne

tassr 5l ool gl @y il Jgox F 5l 55,5 Slasle

Cis ) YL Soan s b b s alal) g, gz olisleil 51 So e e 008 e eslitul Tayjy
30 @l g slagg dolae (izea g 009 510,95 (5 iy pll B o3l cndss s Siles alie (53T 1 oslic
“* GVl (Ko 0 p0 Gl)5 50 SOV dolee 4y o s
Sl slo S 0 55 V) ylecan ;0 g Slg el 8L Fo s2Max V)
2
S8l Cawd Al e g SMin
b 9 6 (3 @IS a0 SOV QA sl gl 4 b po cul pé -V Jeua
Table2. Adsorption coefficient of Langmuir, Freundlich, Van Huay and linear isotherms.
5o Y aoles b aoles sl g dolee e Wil 3 aoles dolre
R? | k(livmg) | B(mg/kg) | R® | k(litmg) | R? n R* [ kdittmg) | 1n | su wyw
fY o+ Voo INg NI Ad | FAEE | AD YEIOA -I5 |

ey gy, el ) hund i sp g3l 50 (reSilee gl (03T plaxil I ol i Y Jgur
Table3. The results of mean difference test between adsorption isotherms at level of five percent

b psnly (Shalie polie (il )ly Sslds G903l gl

a8 e ginls (lamlin polie (uilly gl (yge3] gl

sl F

<IAY

alest F

-/¥a

F

N

F

N

b pisnly Slaalie polie g T 55

gl ponly Slaalie polie o T (gesl

tL;)LoT

of)

tLg)Lo—\

+I¥4

[Py

\IFA

T slesd

VIFA

2oy gl g Slaalie polie wib)ly ©glis el @l

b

S b9 ponly Slelie polie Luilly Sglds oyge3] mls

bl F

Iy

alwl F

YIO¥

F

g

F

Y/

2o Y s o 5nly Slaalie polie o T sesl

S s pranly Slelie polie o T (903l

t s ]

<I\F

t s L]

<IFf

T wste]

\IFA

[ PHEW]

VIFA




\a

e 31 (e g Sz )5 9 JUST )3 gy dunn Lo

g ab oanlie cdale polie o uilly (eSS a5 a0 5
o el Cews Ll = Jasl dolee ) Jeol> gl
o wolibesl 5 SO e slpa, b Glse polie )50
o ool HLESYAL ¥ JIKa! jo oS i Jols caliee slosl
4ol 5l oaeliawsds slaosls cds e cwyp g ol
T- student (yge51 (ialej] 51 Jol> polie b (5 5gumls
ol 2,5 ol Slialofl 51 K o 5 ilie slacl sl
O mhuw o BB pl (sles! 51 G e jo aSols las
Lol atiilys o9 a4 asliy I all od o gxe ooy
w5|639>’49|)CDE4JoLub5aqlmﬁoLﬁ.o)#£
LD s a nolie i s oolojsee Gialosl 5l Jol olie

chle ol
e g dods

Fisas >

R |l_4 time Cratio (hsf)
L N

v N

a i

b n

tmin [0

tmax [100

tstep |1

CICA = (1/2) * [ ede{ (AL-VY/(2(a(L"b)RY" 5) } + &™(VL/(al" b)) edc( (RL+VO/(2(a(L"b)AH"5) } ]

Jolgd 9 ol wod b oag¥T Jlisl wlisbjl -¥

welde JL!
L (L son¥) ol Jlasl wlivle;l mlbs Jols jise oyl
ol Sglae Jaml Jolsd L g S o cals gladads as
2 23S oS5 ol 5 LS Ll &S L talag] el s
aols V8 o Slaolesl 0g pate ca¥T Jlam! alold L5
NY £7 & HF FA Y XF X YRV AY £l
Obyr oud jlade b pbul jie il 4447 AT YA

aby 3l eolinal L oog YOXVe

cm/s su¥T Jlas!
O SIB Ly (V JS2) cdlae (b 4 oud byl (5 igeals
Om Sl akaly 2R Lg aly pl jo b syl
S B polie (i wiged Job 5 spdyslenl cuyo

s (81T a4 (JUST,3 olas ) @ 5 (JEST3 ole

&3

me - Ot [leﬂ}

()9 § < 30) 8,0 5 0lio ! yoiw] (gl 9 calbro )b ay oo asiogs Aol o —Y St
Figure 2. Program has written in MATLAB to determine values of a, b (power and coefficient)
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Z=12 cm = formul result =6 cm — formula result
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Figure 4. BTC curve from CDE formula at 12cm Figure 3. BTC curve from CDE formula at 6¢cm depth
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Figure6. BTC curve from CDE formula at 24cm depth

I=36 cm = formula result
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Figure8. BTC curve from CDE formula at 36cm
depth

Figure5. BTC curve from CDE formula at 18cm depth

formula result
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Figure7. BTC curve from CDE formula at 30cm depth
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Figure 14. BTC curve from CDE formula at 72cm Figure 13. BTC curve ;:;%CDE formula at 66¢m

depth
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depth Figure 15. BTC curve from CDE formula at 78cm
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Figure 18. BTC curve from CDE formula at 96cm & ol
depth Figure 17. BTC curve from CDE formula at 90cm
depth
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Figure 19. The best fit line to determine dispersivity for entire soil column
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1 - cross validation
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Figure 20. Linear variogram of dispersivity for entire soil column
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Figure21. Validation of dispersivity for the entire soil column
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Table 4. The results of mean difference for dispersivity of the soil column in one percent level of
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