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A Study on the Estimation of Physical Parameters of Unsaturated
Porous Media in the Laboratory
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The permeation movements of groundwater recharge and contaminate materials receive a great effect due to po-
rosity and effective porosity of porous media which is composing underground consisted of saturation and un-
saturated states. This study developed Frequency Domain Reflectometry(FDR) system and measurement sensor,
and then carried out the laboratory experiments to measure effective porosity for unsaturated porous media. Also, [
suggested dielectric mixing models(DMMs) which can calculate the effective porosity from relation of measured di-
electric constants. In the experimental results the extent range of effective porosity of standard sand and river sand
which are unsaturated soil sample were measured in about 65~85 % for porosity. In relation of effective porosity
and porosity, especially, effective porosity confirmed that displays decreasing a little tendency as porosity increases.
This is because unsaturated soil did not reach in saturation enough by air of very small amount that exist in pore be-
tween soil particles.

Key words : Effective porosity, porosity, Frequency domain reflectometry(FDR) system, dielectric mixing
models(DDMs), dielectric constant
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Table 1. Physical properties of the sands.
Distributions of particlesize (%) " ) )
Specific ~ Uniformity
Sand gravity coefficient
Gravel Sand Silt Clay (g/ cm) L)
(60~2mm)  (2~0.06mm) (0.06~0.002mm) (>0.002mm)
Standard 0,00 99.90 0.10 0.00 265 1.607
River sand 15.50 81.70 2.80 1.00 2.69 6.928
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Fig. 1. Grain size distribution curve of the sands.

FDR measuring probe Injection point
P——f————

Unsaturated
soil columnl

430

Air compressor

Unsaturated
soil column
Discharge tank
i £, Moo
Data logger | Hierpaper

)

Discharge tank

FIULTITN

$=5.0

————————— - FDR system

Cutflow valve [Unit: caa] Automatic weight balance [Unit cm]

(a) Injection test (b) Overhead pressure test

Fig. 2. Experimental setup for measuring effective porosity of unsaturated soil column.
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Fig. 3. Displace procedures by injecting ethanol or water into unsaturated soil porous media.
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Table 2. Summary of physical properties of unsaturated sands by injection test (Temperature 20 °C).

L Variation of © ) Measured dielectric constant .

Injection Porosity Calculated  Ratio of
Sand terial 0

materi Initial*  Final# D ginitial  cew gee ne ne/n0
$S1-1 Water 0.093 0.362 0.369 8.348 30.826
S61-2 Ethanol 0.086 0.264 0.368 6.626 12.847 0.269 0.73
552-1 Water 0.191 0.370 0.373 7.938 32,503
S82-2 Ethanol 0.189 0.262 0.375 7.983 12.766 0.295 0.79
SS3-1 Water 0.292 0.360 0.377 13.092 31.336
5S3-2 Ethanol 0.290 0.215 0.378 13.698 11.606 0.295 0.78
S54-1 Water 0.082 0.350 0415 6.229 30.184
S54-2 Ethanol 0.084 0.269 0411 7.284 12.745 0.261 0.63
S55-1 Water 0.193 0.296 0.410 8.043 31.816
S85-2 Ethanol 0.187 0.276 0410 9.930 12.587 0.287 0.70
S56-1 Water 0.286 0.331 0.408 14.926 30.184
S56-2 Ethanol 0.284 0.227 0.405 16.349 12.745 0.261 0.64
557-1 Water 0.09% 0.314 0.449 5.807 31.648
S57-2 Ethanol 0.096 0.267 0.446 6.169 11.639 0.299 0.67
5581 Water 0.185 0.370 0.450 7413 32944
S58-2 Ethanol 0.182 0.282 0.447 10.237 12.847 0.300 0.67
5591 Water 0.289 0.335 0.451 13.011 32392
$59-2 Ethanol 0.285 0271 0.445 16.272 12.847 0.292 0.66
RS1-1 Water 0.101 0.318 0.367 8.162 33.393 12686
RS1-2 Ethanol 0.099 0.267 0371 6.626 ’ 0.309 083
RS2-1 Water 0.190 0.322 0.373 10.842 34.027 11.780
RS2-2 Ethanol 0.196 0.259 0.372 10.716 ’ 0.332 0.89
RS2 Water 0.290 0.284 0.361 17.087 32957 11.639
RS3-2 Ethanol 0.292 0.258 0.373 17.746 ’ 0.319 0.85
RS4-1 Water 0.095 0.328 0.401 7.860 33.393
R$4-2 Fthanol 0.095 0.258 0.398 7.860 12.686 0.309 0.78
RS5-1 Water 0.197 0.313 0.404 13.349 32,071
RS5-2 Ethanol 0.196 0.295 0.400 11.363 12.686 0.290 0.72
RS6-1 Water 0.294 0.326 0.39% 15.046 32,071
RS6-2 Ethanol 0.29 0.272 0.403 15.149 12.528 0.292 0.72
RS7-1 Water 0.098 0.352 0.443 8.385 34.086
RS7-2 Ethanol 0.098 0.289 0439 8.610 11.639 0.335 0.76
RS8-1 Water 0.185 0.305 0.447 10.009 34.262
RSB-1 Ethanol 0187 0217 0.442 10.354 12.847 0.320 072
RS9-1 Water 0.291 0.330 0.441 14.349 34.440
RS9-2 Ethanol 0.290 0.303 0.444 14.254 12.847 0.323 0.73

Remarks: * - initial volumetric water content (8) and # - final volumetric water content (©) by the dry oven
test; n0 - initial porosity; ne - effective porosity by calculated as the proposed dielectric mixing
models (DMMs); SS - Satandard sand; RS - River sand.
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