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Correlation of Soil Particle Distribution and Hydrodynamic Dispersion
Mechanism in Ununiformed Soils Through Laboratory Column Tests

Dong Hwan Kang - Sang Yong Chung*

Department of Environmental Geosciences, Pukyong National University

ABSTRACT

Laboratory column tests using CI™ tracer were conducted to study the correlation of soil particle distribution and
hydrodynamic dispersion mechanism with three kinds of ununiformed soil samples, in which the ratio of gravel and sand
versus silt and clay is 24.5 for S-1 soil, 4.48 for S-2 soil, and 0.4 for S-3 soil. Chloride breakthrough curves with time were
fitted with gaussian functions. The relative concentrations of chloride were converged to 1.0 after 0.7 hours for S-1, 6.3
hours for S-2, and 389 hours for S-3. Average linear velocity, longitudinal dispersion coefficient, and longitudinal
dispersivity were calculated by chloride breakthrough curves. Longitudinal dispersion coefficients were 1.20 x 10~ m%/sec
for S-1, 8.87 x 1077 m%sec for S-2, and 1.94 x 10~° m%sec for S-3. Peclet numbers calculated by the molecular diffusion
coefficient of chloride and the mean grain diameters of soils were 2.59 x 10? for S-1, 6.27 x 10° for S-2, and 1.35 x 10~ for
S-3. Mechanical dispersion was dominant for the hydrodynamic dispersion mechanism of S-1. Both mechanical dispersion
and molecular diffusion were dominant for the hydrodynamic dispersion mechanism of S-2, but mechanical dispersion
was ascendant over molecular diffusion. Hydrodynamic dispersion in S-3 was occurred mainly by molecular diffusion.
When plotting three soils on the graph of D,;/D,, versus Peclet number produced by Bijeljic and Blunt (2006), the values of
D,/D,, for S-1 and S-2 were more than 2.0 order compared to their graph. S-3 was not plotted on their graph because the
Peclet number was as small as 1.35 x 107,

Key words : Ununiformed soil, Laboratory column test, Hydrodynamic dispersion mechanism, Longitudinal dispersion
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Mo

2 %

A, 2, AE 9 HES Yyt e 3570 ERSAEEEHAEHES] HIE :S-1 EYF 245, S22 EY
448 2 S-3 EF 04)004] GA0l2(C)E o83 AT Aol = Ich AUl dAase] AE o]83sle 3
TH BEYe 4=} Rz AdEAdo] AFE AT AUlF el ot A7t e Y4olee] Frolge
7F-AIeE ) Ajlelon, Aol At 1.00% FEsk=t AaE AR S-1 EYlA 0.7217E, S-
2 Bl 6371 2 S-3 EME 38941 o|Qlth. EYETl e TEolE 5ol sl Ha @<y,
ZEMAG D ZRARGTL AAEIT FEMAITE S-1 EQOIA 1.20 x 107 m¥sec, S-2 EXIA 8.87 x 1077
m?/sec, S-3 EYOIXE 1.94 x 1077 m¥/secz AFEATE Aol 2] EA A EYEd7ael oJal AP 3
3= S-1 BEQOA 259 x 102, S-2 EQIA 6.27 x 10°, $-3 EQIAE= 1.35x107%]Ac}. S-1 EQor= o3t
ZQ1 Aol AujF o], S-3 Eqkxs Bl ZiAR] AoR vERTh S-2 EYGexe SRRl Ak &
ApgRto] FAloll BAYSEAIRE, H8kAQ1 Eato] AISIATE Bijeljic et al.(2004) 23] E3E #HF34 o) DD,

*Corresponding author : chungsy@pknu.ac.kr
A :2006.7. 11 AEALD :2006. 1. 24
Ae] gl Ee :2007. 2. 28 714

28



ATl o3 B A3 BEd] Pk TRz iy At 29

Tefazel] & AellM AE BES TSR] Blul B4

ko] 2.0 order ©)} =4
Sl

FHO : Ewd3 B, AT, s SR

.M 2

o3 dujdo A gdolFe] R mAZR] R
(microscopic scale)?} AA1ZQ] T (macroscopic scale)
2 552 T Ao g O 358 58 rAE
TR &Zol% A= AU/d4E (laboratory column
experiment)?l] 23l == Zlo] o}, Aujad
AL g3duide] HGE 88+ Je st
I 8-S AUAEE bHolth AulFdAEY] e
ZApg-ete] AL FU A FEAIRONA BHAIRE
o] W FHA}e] FEo|H (breakthrough)ol] 23l d|2H
TH(Charbeneau, 2000).

ANTHEAFE o] 83 el e EYe] &
A T a5 FE B 9e5Y A 59 AR
7F ek g8 21(1991)= Afrstehead FRAA 2
FEH] F=el 9 Al A 7he s Bk 9
3] AT~ o3t g3 dERA )] A

O

[

9] &<l Uigt TS Holsr] S8l AUl E
o ot BAKA|GFE X2 H (batch test) A9} Hlnl A
T 3, LA@RE Aske gk T dukEEA|

7¥sl7] flete] Auiadaddel ofgt Sy} §2 5ol
AT AHelok} 9], 2006). 9] $T-EE Berkowitz
et al.(1995, 2000)°] AHFFEAel o3 Bdg o
g ) &49] o €]2Q1 o] (anomalous transport)ye
AT392.M, Bijeljic et al.(2004), Bijeljic and Blunt
(2006) & ATl oJsf g AFHet &
HAFEES o83l TS (pore-scale)ellA] E2HAlT
o] dErdygs Avsiict. AWFEEES o83 7]
9 AHIES o duideA ST A, 298

Table 1. Physical properties and grain distributions of soil samples
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Table 2. Condition and result of falling-head permeability
experiments

Soil type S-1 S-2 S-3
Soil sample length(cm) 50 50 10
Column diameter(cm) 7.6 5.0 2.8
Experimental time(hr) 0.25 79 2443

Hydraulic conductivity(cm/sec)9.27 x 10722.43 x 107°1.02 x 107

. . Dry unit weight Gravel Sand Silt & Clay Gravel+Sand
Soil No. Gravity (N/m?) %) %) %) S Clay Clay

S-1 2.59 1.47 5.13 91.15 3.72 24.5

S-2 2.63 1.29 0.62 81.24 18.14 4.48

S-3 2.52 1.20 0.20 28.50 71.30 0.40
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« Initial condition ;

Cx=0,t=0)=0
C(x=0,t>0)=0

* Boundary condition ;
Inlet concentration = C,
Outlet concentration = C (L, t)

* Steady flow
L

l

COuﬂet(t)

Fig. 1. Initial, boundary and flow conditions for 1-D laboratory
column experiment.

Table 3. Condition and column design for laboratory column
experiments

Soil type S-1 S-2 S-3
Tracer Chloride  Chloride  Chloride
Initial concentration(mg/L) 1,650 1,650 760
Column length(cm) 50 50 10
Column diameter(cm) 7.6 5.0 2.8
Experimental time(hr) 0.7 6.3 389
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Fig. 2. Breakthrough curve of chloride for S-1 soil column.
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Fig. 3. Breakthrough curve of chloride for S-2 soil column.
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Fig. 4. Breakthrough curve of chloride for S-3 soil column.
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Table 4. Hydro-dispersion coefficients with each of soil types

Soil type S-1 S-2 S-3
Porosity 0.433 0.511 0.523
Tortuosity 0.757 0.799 0.806
Molecular diffusioncoefficient(m?/sec) 2.03x107° 2.03x 107 2.03x 107
Effective diffusioncoefficient(m?*/sec) 1.54 % 107° 1.62x107° 1.64 x 107°
fot6 38 142 9,480
Elapsed time(min) fo.s0 11.4 190 11,520
tos4 223 250 14,220
Average linear velocity(m/sec) 731x 1074 439 % 107° 1.45x 1077
Mechanical dispersioncoefficient(m?/sec) 120x 1074 8.86x 1077 3.06x107"°
Longitudinal dispersioncoefficient(m?*sec) 120x 107* 8.87 x 1077 1.94x 107
Longitudinal dispersivity(m) 1.65x 107" 2.02x 1072 2.12x107
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Table 5. Mean grain diameter, Peclet number and with soil types

Soil type S-1 ) 83

Mean grain diameter(mm)  0.72 0.29 0.0019

Peclet number 259% 10> 627x10° 135%x107°*

D,/D,, 593 x 10 436x10*> 1.51x10"
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Fig. 5. Plot of soil samples on the graph of versus Peclet number
produced by Bijeljic et al.(2004).
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