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ABSTRACT : In this stduy, the column experiments were carried out assuming the soil was contaminated by leakage of gasoline con-
taining MTBE from USTs and pipes around gas stations. Then, characteristics of MTBE transport in the soil were investigated using
CXTFIT program. The column experiments with different soil properties, moisture content, organic matter content and flow rate were
carried out. Some parameters(D, R, B, ®) used in two-site non-equilibrium adsorption model were obtained from measuring the MTBE
concentration in injection-liquid and in effluent and using CXTFIT program. In addition, The characteristics of MTBE transport in the
soil was found using BTCs and obtained parameters. Consequently, the advection decreased as the increase of the content of fine par-
ticle and organic, while the MTBE transport by advection was enhanced as increasing flow rate and moisture content.
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Table 1. Properties of used soil sample

(19)

(199

(19¢)

(20)

(2]

2 8}(dimensionless)® 42 T3}

. Soiltexture) (i1 a soil B
Properties
pH 6.42 6.95
Organic contents(wt%) 0.95 4.15
Moisture contents(wt%) 441 5.27
Porosity(%) 38 36
Particle density(g/cm3) 2.10 2.09
Bulkdensity(g/cm’) 131 133
Soil texture Sand Loamy sand
Sand(wt%) 92.95 82.47
Silt(wt%) 5.03 10.10
Clay(wt%) 2.02 7.43
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Fig. 2. MTBE BTCs at different soils with two-site non-
equilibrium model simulations.
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Table 3. Parameter values fitted for the MTBE BTCs at di-
fferent types of soils with 5 wt% moisture contents by

CXTFIT
y two-site non-equilibrium model
(em/d) soil type (Cnll)z/d) R 8 " K P RZ
s0 | A sand | 18.54 | 1.728 [0.8183]0.0211 0.168 [53.937| 0.996
clay | 26.33 | 1.854{0.8392{0.0178| 0.149 ({37.984| 0.997
s0 | B sand | 19.76 | 1.744 {0.8264(0.0198| 0.163 |50.607| 0.991
clay | 28.87 | 1.963 |0.8466(0.0173| 0.144 ({34.633| 0.997
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Fig. 3. MTBE BTCs at different moisture contents in Soil A
and B with two-site non-equilibrium model simulations.
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Table 5. Parameter values fitted for the MTBE BTCs at di-
fferent organic contents of soils with 5 wt% moisture
contents by CXTFIT

two-site non-equilibrium

soil | organic
D 2

type | content R k P R
vP (cm¥/d) B Y ?

A 1095 wt%| 18.54 |1.721|0.8183|0.0216|0.171|53.937 {0.996
B [4.15wt%| 19.76 |1.894]0.8264 [ 0.0198 [0.15150.607|0.991
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Fig. 5. MTBE BTCs at different pore water velocity in Soil
A and B with two-site non-equilibrium model simulations.

Table 6. Parameter values fitted for the MTBE BTCs at di-
fferent pore water velocity of soils with 5 wt% mois-
ture contents by CXTFIT

two-site non-equilibrium

soil v

D
type | (cm/d 2
ype | ( )(sz/d) R B i k P R
A 50 18.59 [ 1.756 | 0.8371 [0.0289( 0.253 | 53.792 | 0.996

100 | 32.75 | 1.685]0.7652{0.0301| 0.386 | 61.069 | 0.987

50 | 19.62 | 1.783 | 0.8196 |0.0247| 0.192 | 50.968 | 0.996
100 | 34.53 | 1.738 | 0.7586 {0.0273| 0.366 | 57.921 | 0.988
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C liquid phase chemical concentration, [M/L’]

C;, C, dimensionless concentration, [-]

C., Ce liquid phase equilibrium concentration, [M/L3]

C;, C, initial concentration, [M/L3]

Cy, Cin concentrations in mobile and immobile liquid re-
gions, [M/L3]

D dispersion coefficient, [LZ/T]

ka first order desorption rate constant, [1/T]

ks first order adsorption rate constant, [1/T]

Kr Freundlich partition coefficient, [L3/M]

Kp Linear equilibrium partition coefficient, [L*/M]

M mass of soil, [M]

N Freudlich exponent coefficient, [-]

P Peclet number, [-]

0 flow of through the area, [M3]

q mass sorbed/mass soil, [M/M]

R retardation factor, [-]

Ry, retardation factor for mobile region, [-]

S mass of chemical sorbed normalized by mass of
soil, [M/M]

Sa specific surface area of the mineral fraction, [L’]

t time, [T]

T pore volume, [-]

Vv volume of solution, [L3]

v average pore-water velocity, [L/T]

x dimension of solute transport, [L]

z dimensionless distance, [-]

a first-order kinetic rate constant, [-]

B dimensionless variable for partitioning in non-equili-
brium transport models, [-]

€ porosity, [L*/L*]

0 volumetric soil-water content, [L3/L3]

p apparent density, [M/L3]

Pb particle density, [M/L’]

Ps solid phase particle density [M/L3]

&, fraction of liquid phase assumed to be mobile, [-]

u dimensionless rate constant, [-]

23 73

Chang, S. W., “Biodegradation of Gasoline Additives
MTBE(Methyl-tert-Butyl Ether) and Other Oxygenates,”
(2000).

A, “FBA ESEGI B2 LHEY 5dVe
A A Y, 3 E S 83])(1997).

Baskaran, S., Bolan, N. S., Rahman, A., and Tillman,
R. W., “Non-Equilibrium Sorption during the Movement
of Pesticides in Soils,” Pestic. Sci., 46, 333 ~343(1996).
Rao, N. A. H. K., Dahlberg, E. D., Goldman, A. M.,
Toth, L. E., and Umbach, C., “Thermodynamic and Resis-
tive Transitions of Thin Superconducting Films,” Phys.
Rev. Lett., 44(2), 98 ~102(1980).

Greenland, D. J. and Hayes, M. H. B., “Soil processes.
In: Greenland, D. J., Hayes, M. H. B.,(Eds.),” The che-
mistry of Soil Processes. Wiley, Chichester, 1~31(1981).
Pang, L. and Close, M.E., “Non-equilibrium transport of

CHstet A 2ak3|x| 30 23, 20084 22



198

10.

e

to

Z7]

B

HN

A i

oy
Ho
&

LU - A9
Cd in alluvial gravels,” J. Contam. Hydrol., 36, 185~206
(1999).

Baskaran, S., Bolan, N. S., Rahman, A., and Tillman,
R. W., “Non-equilibrium sorption during the movement
of pesticides in soils,” Pestic. Sci., 46, 333 ~343(1996).
Fesch, C., Lehmann, P., Haderlein, S. B, Hinz, C,,
Schwarzenbach, R. P., and Fluhler, H., “Effect of water
content on solute transport in a porous medium contain-
ing reactive micro-aggregates,” J. Contam. Hydrol., 33, 211~
230(1998).

Padilla, I. Y., Yeh, T. C. J., and Conklin, M. H., “The
effect of water content on solute transport in unsatura-
ted porous media,” Water Res., 35, 3303 ~3313(1999).
Van Genuchten, M. Th., and Wierenga, P. J., “Solute
dispersion coefficients and retardation factors. Methods of
soil analysis: Part 1, physical and mineralogical methods,”
Agronomy Monograph, 9, 1025~1053(1986).

J. of KSEE / Vol. 30, No. 2, February, 2008

oy

14.

15.

. Brusseau, M. L., “Non-equilibrium transport of organic

chemicals: the impact of pore-water velocity,” J. Contam.
Hydrol., 9, 353~368(1992).

. Kookana, R. S., Naidu, R., and Tiller, K. G., “Sorption

non-equilibrium during cadmium transport through soils,”
Aust. J. Soil Res., 32, 635~651(1994).

. Bouchard, D. C., Wood, A. L., Campbell, M. L., Nkedi-

Kizza, P., and Rao, P. S. C., “Sorption nonequilibrium
during solute transport,” J. Contam. Hydrol., 2, 209~223
(1988).

Padilla, I. Y., Yeh, T. C. J., and Conklin, M. H., “The
effect of water content on solute transport in unsaturated
porous media,” Water Res., 35, 3303 ~3313(1999).
Z714, olds, B9, 24, 35, “ES Wl H
o] FEA BF A7 P A, 27(10), 1043~
1051(2005).



