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Characteristic of electrical resistivity against volumetric water content
and frequency in weathered soil

&8 - BHET - A
Son, Young Hwan' - Bong, Tae Ho™ + Chang, Pyoung Wuck™

Abstract
This study was conducted to define a characteristics of Electrical Resistivity of weathered soil against
volumetric water content and frequency. It is essential to analyze and understand a characteristics of the
Electrical Resistivity for evaluation of soil as subsurface contaminant detection. Before the test, an effect of
pore water and ion were checked using four liquids(distilled water, tap water, potassium chloride 1.8mM, and
3.7mM). As a result, the correlation between the volumetric water content and the Electrical Resistivity was
estimated. The Electrical Resistivity decreases with increasing frequency and water content. Also, Electrical
Resistivity could be described by an exponential function of volumetric water content with the constants.
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Table 1 Physical properties of soils L Fig. 1(0)9 moldE ARE3FESH, mold® 2
Soils | o4, | Wee | Specific | g |y | prgy = 7F2 16em, Al® 2em, ] 20cmeltt. Zefut
(N') | (%) |Gravity(Gs) —ola AslElg] o= o w
H-1 | 1590 | 855 | 275 | SM | NP | NP s 2dolif dwab] sfsiel A2 1oem =
- - : AIA A& sl o 7re. =2 Q
o Ttz 1m0 | 2 T T v | v ‘f‘lﬁﬁl A dgstelen, ARgE A §
=3 1 1560 | 209 | 272 | sM | N | ~p gk H1eF mold®] A== Agilent 16089A Kelvin
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Fig, 1 Equipments for Measurement of Electrical Resistivity
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Table 2 Results of Electrical resistivity against frequency and water content

W Y Frequency
Sample || i) [ 10000 1kHz 0kHz | 100kHz | 500kHz | 1MHz 5MHz 10MHz
0 | 1107 - - 961625 | 203864 | 57120 | 34906 | 13020 -
5 | 1205 | 63777 | 597.84 | 55086 | 50024 | 42177 | 37292 | 23464 | 22310
. 10 | 1196 | 18286 | 16915 | 157.27 | 14183 | 12590 | 11699 | 89.82 80.12
15 | 1215 | 9446 87.78 81.70 73.82 65.92 61.69 48.98 42,88
20 | 1264 | 6025 55.76 51.89 46.97 42.16 39.60 31.73 27.11
95 | 1313 | 4461 4114 38.26 34.71 31.27 29.48 23,61 1951
1107 - - 1442437 | 182708 | 48081 28848 9260 -
5 | 1186 | 73737 | 687.95 | 64371 | 583.13 | 49581 | 43812 | 27195 | 26656
i 10 | 1176 | 21904 | 20362 | 18845 | 16823 | 14819 | 13694 | 10219 | 9321
15 | 1166 | 13266 | 12321 | 11366 | 10139 | 89.95 83.74 64.63 58.12
20 | 1176 | 8270 76.49 70.55 63.07 56.33 52.75 41.21 35.81
95 | 1245 | 5744 53.03 48.91 43.81 39.29 36.91 98.74 23.90
0 | 1186 - - 760300 | 192325 | 51350 | 30772 | 10193 -
5 | 1235 | 49131 | 467.35 | 44331 | 40677 | 35503 | 32080 | 21598 | 207.90
" 10 | 1245 | 15224 | 14424 | 13599 | 12485 | 11326 | 10659 | 8491 78.51
15 | 1254 | 9493 89.05 83.71 76.98 70.32 66.63 54.99 50.20
20 | 1303 | 66.13 61.81 58.12 53.55 49.17 46.78 39.02 34.70
95 | 1362 | 4343 4054 38.12 35.19 32,40 30.89 95.64 91.64
0 | 1068 - - 1057787 | 173092 | 46196 | 27810 9404 -
5 | 1156 | 91104 | 84084 | 77276 | 67698 | 550.67 | 48851 | 29349 | 294.45
" 10 | 1186 | 25522 | 23810 | 21964 | 19463 | 17048 | 15688 | 11457 | 106.30
15 | 1205 | 17086 | 15865 | 14563 | 12895 | 11397 | 10580 | 80.28 73.35
20 | 1254 | 10615 | 97.21 89.22 7917 70.49 65.89 50.69 44,51
95 | 1204 | 7027 64.92 59.57 52,91 47.31 44.33 33.86 98.29
66 F 52 =R A0d A5E, 208
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Fig. 3 Trend lines of relationship between frequency and electrical resistivity

Table 3 Regressive equations of Electrical resistivity vs. Frequency

2

Sample Water Content(%) Regressive Equation R Remarks

5 p=-36.75 + Ln(f)+352.54 0.9083
10 p=-868 ¢ In(f)+111.50 0.9460
H-1 15 p=-432« In(f)+58.97 0.9477
20 p=-273+ In(f)+37.68 0.9462
% p=-203 « Ln(f)+27.81 0.9396
5 p=-41.65« Ln(f)+412.45 0.9022
10 p=-10.84 » Ln(f)+130.64 0.9474
H-2 15 p=-6.37 « In(f)+80.14 0.9556
20 p=-3.93« In(f)+50.14 0.9541

% p=-275+ Ln(f)+34.70 0.9454 f - Frequency(MHz)

5 p=-2492 « Ln(f)+30185 0.8834 p - Electrical Resistivity(Qm)

10 p=-6.29 « Ln(f)+102.0 0.9297
H-3 15 p=-3.75« Ln(f)+64.07 0.9461
20 p=-258 « Lu(f)+44.78 0.9435
9% p=-173« Ln(f)+29.20 0.9257
5 p=-5555 ¢ Ln(f)+467.18 0.9327
10 p=-130 « Ln(f)+149.78 0.9478
H-4 15 p=-843 « Ln(f)+101.32 0.9590
20 p=-512 ¢ Ln(f)+62.61 0.9579
25 p=-347 « Ln(f)+41.59 0.9484
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Table 4 Regressive equations of Electrical resis—
tivity vs. Volumetric water content

Sample| Frequency | Regressive Equation R? Remarks
100Hz | p=718 07" | 09934
Kz | p=657+6" |09933
10kHz | p=6.08« 6" | 09931
1 100kHz | p=557« 67 | 09932
500kHz | p=527« 607" | 09943
IMHz | p=521«0"" |09954
50MHz | p=507+ 0" | 0.9990
100MHz | p=3.87+ 67 | 09993
100Hz | p=954« 0 | 09958
1KkHz =875+ 67" | 09959
10kHz | p=797 67 | 09957
- 100kiz | p=7.05+6"" | 09952
500kHz | p=659+ 67" | 09957
IMHz | p=650+ 0" | 09965 Blectrical
BEG . Electric
50MHz | p=617+ 67 09990 |70 St
_ esistivity
10.0MHz | p=4.66+ 07 | 09985 (©m)
100Hz | p=982+67 | 09926
1KHz 0 =904 072 | 99930 6: Volumetric
T Water Content
10kHz | p=844 07" 0.9929
s 100kHz | p=7.82+ 6% | 09928
500kHz | p=748+ 67" |0.9935
IMHz | p=742« 67" | 09944
50MHz | p=7.29« 07" | 0.9967
100MHz | p=584+« 67" | 09958
100Hz | p=14.13 « 676 | 09911
Kz | p=1308+ 67 | 09918
10kHz | p=11.98 « 67 | 0.9922
e 100kHz | p=10.75« 07 | 0.9925
500kHz | p=10.18 « 7% | 0.9933
IMHz | p=1007 « 67 | 0.9940
50MHz | p=9.37+ 07" | 09936
100MHz | p=7.13+ 67" | 0.9922

FaEe =y A0d AsSE, 208
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Table 5 Regressive equations of Electrical resis—
tivity vs. Volumetric water content of

H-1~-HH4
Sample | Regressive Equation R Remarks
H-1 | p=552+6-"%" | 09030 » ¢ Electrical
H2 | p=700+6-""" | 0.8888 | Resistivity(@m)
H-3 p=781+0-"" | 09148 0 : Volumetric
H-4 | p=1063 - -9 | 08668 Water Content
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