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A Study on the Determination of Dielectric Constant of Saturated
Porous Media Using Frequency Domain Reflectometry System
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UDept. of Earth and Environmental Sciences, Andong National University
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This study conducted a laboratory work to determine the change of dielectric constant of saturated soil
porous media, which is injecting EML to use Frequency Domain Reflectometry(FDR) system and length
7em-length measurement sensor. It is purpose of study that estimate a movement path through pore of soil
for an ethanol mixing liquid(EML) which have the same specific gravity of water at 20 °C, and determine
to a dielectric measuring range for the measurement sensor. As an outflow point of saturated soil column
upper part recedes from an EML inject point in EML diffusion test, the diffusion extent of EML through
pore of saturated soil was expanded. And results of an EML flow experiment were measured the change of
dielectric constant at all measurement sensors which are placed to constant interval at the same travel time
for saturated soil column. Therefore, the displace process of water that exist in pore of saturated soil by
EML injection is enough available and confirm together mobility through pores.

Key words: Dielectric constant, Frequency Domain Reflectometry(FDR) system, Saturated soil, Ethanol
Mixing Liquid(EML)
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Table 1. Physical characteristics of the soils.
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Soil materials
Experiments Parameters Standard sand River sand

551 Ss-2 RS-1 RS2
Specific gravity 2.65 2.65 2.69 2.69
EML diffusion Porosity 0.40 0.40 0.40 0.40
Saturation (%) 99.20 99.20 99.48 98.92

Porosity 0.365 0.341

EML flow Inj. pressure 0.10 0.10

(kg/ cr)
Saturation (%) 99.01 99.27
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Fig. 1. Schematic diagrams for estimating EML diffusion and EML flow in the saturated soil column by FDR

system.
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Table 2. Variations of dielectric constants of saturated soil column during EML diffusion test (Temperature 20 °C).

Installed Installed distances of outflow valves from injecting point
Sands probe 20 cm (S5-1, RS-1) 30 cm (85-2, RS-2)

No. Tnitial ¢ Final ¢ Initial ¢ Final ¢

P1 33.164 20.754 33.469 20.684

P2 33.961 19.378 33.047 19.738

P3 32.898 19.139 32.267 20.079

P4 33.214 19.864 33.899 20.365

P5 34.054 19.684 32.797 19.515

Standard, 56 Pe 33.665 33.067 33.127 20.588
p7 32.168 33.325 32.454 19.984

P8 33.353 33.067 33.49 24.633

P9 33.186 32.815 32.729 23.283

P10 33.302 33.302 32.140 20304

P11 33.228 33.228 32.925 24132

P12 32984 33.318 33.395 24484

P1 34.054 21.637 33.714 20.929

P2 34.302 20.382 33.047 19411

P3 33.272 19.282 31.267 22629

P4 33.214 19.832 34.851 32317

P5 32.791 20.195 33.771 20.217

. Pe 34.879 33.170 33451 21.381

River, RS

P7 33.384 33.325 32.685 20.215

P8 33.353 33.974 33.353 26.750

P9 31.562 30.394 34811 24.998

P10 33.355 32.885 32,304 21797

P11 32217 31.977 33.337 24544

P12 33.323 34.535 33.927 25016
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(b) 30cm intervals from injecting point of standard sand, 552 (d) 30cm intervals from injecting point of river sand, RS-2

Fig. 2. Response of measured dielectric constants for each measurement sensor (Temperature 20 °C).
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Fig. 3. Vertical spread extents of EML on the measurement sensor No. 5 and 10 (Temperature 20 °Q).
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Table 3. Variations of dielectric constants of saturated soil column during EML. flow test (Temperature 20 °C).

Installed Installed Installed distances of outflow valves from injecting point
probe probe No. Standard sand River sand
No. (cm) Initial & Final ¢ Initial ¢ Final ¢
P1 5.0 31.047 18,501 32392 19.839
P2 -10.0 31.944 18.043 31.397 17.496
P3 -15.0 33.470 18.197 31.800 19.360
P4 5.0 30.144 17.910 31.591 19.154
P5 -10.0 33.092 18.063 32741 17.712
P6 -15.0 30.499 17.311 31.591 19.403
P7 5.0 32.366 18.830 30.551 19.254
P8 -10.0 31.961 19.361 30.008 18.155
P9 150 31.020 17.403 30.138 19317
P10 -5.0 32622 18.265 30.530 19.590
P11 -10.0 33.525 17.471 28.399 19.128
P12 -15.0 32161 18.023 29.704 18.348
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