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Hydrodynamic Dispersion Characteristics of Multi-soil Layer from
a Field Tracer Test and Laboratory Column Experiments
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ABSTRACT

This study analyzed for hydrodynamic dispersion characteristics of multi-soil layer (Silt and clay, Find sand, Coarse sand), data
of a field tracer test on the multi-soil layer and data of laboratory column experiments on the samples on each soil layers.
Through the analysis of permeability and flow, MS (Silt and clay) and FS (Fine sand), which were low effective porosity, were
higher average linear velocity while CS (Coarse sand), which was high effective porosity, was higher hydraulic conductivity.
Hydraulic conductivity function based on average soil particle diameter was assumed Y=3.49 x 107®¢'"*** and coefficient of
determination was 0.90. Average linear velocity function based on average soil particle diameter was assumed Y= 1.88 x 107
e and coefficient of determination was 0.81. Longitudinal dispersivity function based on average soil particle diameter was
Y=0.00256 &°’ and coefficient of determination was 0.98. According to the linear regression analysis of average linear
velocity and longitudinal dispersivity, assumed function was Y'=21.7527x+0.0063, and coefficient of determination was
0.9979. The ratio of field scale/laboratory scale was 54.09, it exhibited scale-dependent effect of hydrodynamic dispersion.
Field longitudinal dispersivity (1.39 m) was 7.47 times as higher than longitudinal dispersivity estimated by the methods of Xu
and Eckstein (1995). Hydrodynamic dispersion on CS layer was occurred mainly by diffusion flow in the test aquifer.

Key words : Multi-soil layer deposit, Average soil particle diameter, Hydraulic conductivity, Average linear velocity,
Longitudinal dispersivity, Scale dependent effect
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Table 1. Hydraulic parameters estimated by field hydraulic tests
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Effective porosity (%) Average linear velocity (m/sec)

1.80 x 1076 1.39

9.75 139 % 1076
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Table 2. Hydraulic parameters estimated by laboratory hydraulic experiments

Experiment method Particle size analysis

Falling head

Column length Laboratory column experiment

permeameter
Hydraulic parameters Average soil particle Hydraulic conductivity —Test scale Average linear velocity =~ Longitudinal
Soil type diameter (m) (m/sec) (m) (m/sec) dispersivity (m)
CS (Coarse sand) 720 %107 9.27x 107 5.00 % 107" 731% 107 1.65x 107
FS (Fine sand) 290 x 107 243 %107 5.00 % 107" 439 %107 2.02x 1072
MS (Silt & clay) 1.89 x 1076 1.02x 1078 1.00 x 107" 1.45 x 1077 2.12x1073
Arithmetic average 337x107* 3.17x1074 - 2.58 x 107 623 x 1072
Geometric average 1.07x107* 1.64 x 107° - 331x107° 2.57%x 1072
Harmonic average 9.15%x107¢ 5.09 %1078 - 7.19 x 1077 8.58 x 107°
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Fig. 1. Plots of hydraulic conductivity and average linear velocity
with average soil particle diameter.
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Fig. 2. Plots of longitudinal dispersivity versus average soil
particle diameter estimated by field and laboratory experiments.
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Fig. 3. The function of longitudinal dispersivity with average
linear velocity for CS, FS, and MS soil samples.
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Fig. 4. The function of hydraulic conductivity with average soil
particle diameter for CS, FS and MS soil samples.
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