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ABSTRACT: In order to evaluate groundwater movement and the infiltration of contaminants, such as
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petroleum products, the determination of porosity and effective porosity is very important. Porosity

and effective porosity are important physical parameters that determine the transfer and movement of
water and solutes in porous media. Various methods of determining these parameters have been
developed, with varying degrees of accuracy and applicability. Most of the existing methods produce
static results. They do not produce instantaneous and real time of porosity and effective porosity in a

porous media. In this study,

we used a new permittivity method called Frequency Domain

Reflectometry with Vector analyzer (FDR-V) to determine the porosity and effective porosity of
some sand samples in the laboratory. The advantage of the FDR-V method is that it instantaneously
determines the temporal variation of dielectric constants of porous media. Then, the porosity and the
effective porosity of porous media are computed using well established empirical equations. Results
obtained from the FDR-V method compared favorably with results from other permittivity methods
such as gravimetric, injection and replacement tests. The ratio of effective porosity to porosity was 85
- 92 %, when FDR-V was used. This value compared favourably with 90 %. which has been usually
quoted in previous studies. Considering the convenience and its applicability, the FDR-V permittivity

holds a great potential in porous media and contaminant transport studies.
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Table 1. Physical properties of the soils.
Standard sand River sand
Specific gravity 2.65 2.69
e Coarse 0.0 15.50
glsf;?ﬁt;f; Sand 9.9 8170
& o Silt 0.1 2.80
Clay 0.0 1.00
Liquid Liquid limit, WL NP NP
plastic limit Plastic Iimit, Wp NP NP
(%) Plastic index, Ip NP NP
Uniformity coefficient, Cc 1.727 7.029
Curvature coefficient, Cu 0.938 1.710

[-=— Standard sand /
—e— River sand | ]

90

Percentage passing (%)

Grain size {(mm)

Fig. 1.
sands.

Grain size distribution curve of the
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AEA-E AA3 Table 17 Figure 191 YeR)
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YE (Switch Unit, SU) 282 50 ohm® &5

A$Hoez dFY EFZFHEZZH (Coaxial
Measurement Probe, CMP)Z JFAHold it}
oq71M, WF@e fALNTY FHE CMPeA

o|FojX ¥, EAH X+ Data logger® AHFELE A
ZE CMPIIA 48 SA4AYH= CMP %
9 A7 036cm F-ZolATE o] Foix] 7] w &
A uje &Y AHA g S0 7hEt
o},

T 2%y F O FFEA FETIES S
A7l 98l A4 5 cm, £ 7 cm9 YEF of
282 A" 2y AJaie CMPE ¥AE £
UTE AR & ANEE gd TINER
A&7l Yaial olabset At A (COp gas) 9 =
F (distilled water) & AHS-3te] Z+zhe] =7 F
=+E 035, 040 ZeE]Z 0459 W & 2L A

A5t 714, Azg

[}

T

& Z2¥9 x3x &3
WZHA (back pressure) S 3] 22+
245 tt (Shackelford and Redmond, 1995:
Tada, 1994).
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Ethanol supply
tank

[Unit: cm]

Measuring coaxial probe

Discharge —1. +
tank E | s

Data logger

Vector network

s hd &
==
CO2 tank L=>® ..... 8®®ee e e e [

Distilled water Switch unit

supply tank Saturated soil column FDR-V system
Fig. 2. Schematic diagram for measuring physical parameters by FDR-V system.
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Figure 3& Z3g & 7xo14 24 o5 zg Wl 928 I39 PHE FATFLE I
< A"ty vt & F YAE Aol EF W g g Uk F, 24 ()M el Fell dT &
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(a) Fully saturated condition (b) Movement of ethanol liquid
through connected pore

Fig. 3. Displacement by injecting ethanol liquid into saturated soil material.

' = S5 E il @ e 9EA ged 2o ol sy
feT (Adrin, 2002). ol&18 BHSS sielslr] 98,
ot 539 FAAM TDR ¥ (Topp et al,
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a3z Y =9 o Asste] FBBAE AET (Figure 4).
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Fig. 4. Relationship between dielectric constant
and volumetric water content by FDR-V system.
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(a) Standard sand (initial porosity 0.405).
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(b) River sand (initial porosity 0.402).
Fig. 5. Variations of the measured initial and

final dielectric constants of saturated sands by
FDR-V system.
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Table 2. Variation of dielectric constant of saturated sands measured

]

2 g 0§ E
=€ % mEITeSE

_g]

with FDR-V system.

Sand o Dielectric const. Initial Inj. test Rep. test Sa;c.
Einitial Efinal n n ne De Sr(%)

Sl 31.13 8.23 0.354 0.359 0.344 0.332 99.38

S2 30.53 8.49 0.358 0.351 0.345 0.336 99.41

S3 29.98 8.75 0.355 0.355 0.331 0.316 99.26

S4 33.24 9.74 0.405 0.388 0.379 0.386 99.31

Standard S5 33.75 9.29 0.404 0.395 0.385 0.368 99.24
S6 33.23 9.70 0.408 0.388 0.383 0.357 99.46

S7 36.75 12.08 0.440 0.435 0.383 0.394 99.02

S8 36.02 12.12 0.450 0.425 0.394 0.416 98.94

39 37.12 11.44 0.440 0.440 0.393 0.406 99.28

Rl 31.64 951 0.352 0.364 0.324 0.313 99.60

R2 28.83 10.16 0.350 0.327 0.312 0.271 99.39

R3 29.12 9.35 0.354 0.331 0.329 0.301 99.53

R4 34.65 10.02 0.400 0.406 0.369 0.370 99.48

River R5 33.12 9.09 0.402 0.386 0.386 0.361 99.61
R6 34.15 9.76 0.398 0.399 0.371 0.347 99.31

R7 37.99 11.94 0.450 0.450 0.398 0.416 99.57

RS 38.12 10.57 0.448 0.451 0.417 0.405 99.35

R9 38.78 11.13 0.450 0.460 0.410 0.411 99.51

Dielectric constant (Dielectric const.), Injection test (Inj. test), Replacement test (Rep. test), and
Saturation (Sat. Sr(%)). n' and n. are calculated porosity and effective porosity by using dielectric

mixing models.
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(a) Relationship between initial and calculated
porosities.
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(b) Relationship between measured effective

porosities by injection and replacement tests.

Fig. 6. Results of porosity and effective porosity
of saturated sands by FDR-V system.
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Fig. 7. Ratios of porosity and effective porosity
of saturated sands (I/T; injection test & R/T;
replacement test).

Zx) 5= g

HPENA Aol FEFZF
&t #AAE Figure 79 A
AL FEZIES
90 % oo EAste Aoz
ArM SHE FEFFEY

Z27] FFE 93 2*F 85 - 92 % H

L2 e a2 ol b omu Az

£ oHOH 38

rhu

I

o2
o
oK ot
Ry
o (il

g K

ojft

rlo
- L
W oyo

2
okl 2o

o
rﬁ[l
e b X Am

Hu of

> 2

i 2
TN
X

o,
AvA )

o
Ll
E
Jr
o
L

-

H

2

2
o
rr
fin)
ol o
S
e

N
S

R
o

d
i r-‘J

_,_.
=
L

r

F

A A )

22y g

—|_"
N



FAEEE 4T A3 AL FFE Y FETFSEY S #R A+

I AE AFelh 27 HEQ Aoz ddgch a8, xE &

£ Aol e Auks FASIT e thekdt o Alge A AF gt dehge] FRIZEE Al
ol g FALYTY B Fosted o33 g A Aot vws B o, S #
Wde] Eed 54 A&sly JFgHez &4 BEFFEES 43 ¥4 FAUY oM BE
¢+ e NEY F4& EH¥A FDR-V A& e ZAoE Agdd mepA, 23E @ o
9 SAUN S FHedrE AEso mid o] g FETFEY FHL FYEEA
o] FFEH FEFFES FE2Y F de A 29 Fiol wE FHENTF] HEeE wfg
& 9ARDE AtsFt 27 FE 035, 040 AEAHQ AAXNE FEF F UE RS2 AR
I 0459 HH JelM TP BEAS AR "ok

E OAoE Jue FILAE AFqAEL A 4) T3td F FolA FHE FEIFELS 27
Astel AFHQ F3E 2 FETIEL S TIEF MES B 9, 2+ 85 - 92 % W &
Rt FDR-V A& H8ste 23td Fol of At AR YElT) 53], KEFIEY £X
F A@AFes ot Zol MedtHeh = FFEC F/EFE AR A St

1) 7] 33E 040 2 0459 ths] ztzte] A T A%E ZE A2 vewt
Hemu 2 A2k XA AR dig §A4
45 #AE HES B, 02 cc/ecc ©13HY ol AA{EL vty wAd tig FFE ¥
A A ZHANAME Toppe] ZAFAe} vlsd 2 FEIFEY 3 7t5AE FEI RAFT 2
HE HolX glov AAFFHI ZHETE 7 o, ¥R olde, E3tg@ Aukel] oigk ojg #
& AR fASAF] ZANE Be olg:  HHHEY SAVSIZE X3F T FAY #H
HolX gtk ojeidt 42 Fo 2x ¥ FAY g 2 o]fe wig EAH AFEE AFH =
2ol Exof 9%t Aoz #|uHEch wepr, T Rom gt
Eoll tig ANFgg5u7E 50 % BA7AE SR
FHEYTFE ALsid v v dis A3
Tl FHo] 75 o E gdd 2ngds

2) 238 Fo z7] FFEFH ANE F4&
gAzg (4 (D @Yo A3 SAY 27 & A, £33 HY, 2000, AvrzA} @ EFAY
AEdT (o) 8 AL3d Add F3&= A4 FH L, AAYAZE, p, 448,
Hwg A3 F /Y 3382 42 -4 % 9 g4 1999, A8 29, GgAL p. 1071
el M UeA ME H$£d AAXNE Hol: Adrin, T, 2002, Shear strength behavior and
Ao Z Jeldt) watA, 238 FAEA S u hydrologic response of residual soil slope
Lo wgl fAe JARdS FHLdod xId to rainfall, PhD. thesis, Okayama
9 FFEL FEI A 5T Qo= Ao University, Japan.
Hoh Chan, CY., and Knight, R.J.,, 1999, Determining

3) FDR-V A 2" & A48 ogs FYLdH water content and saturation from
ey A, 2HE Y9 FEFHES dielectric  measurements in  layered
NEE FAAFENAN FSHE IFE: FALANF materials, Water Resources Research,
(&) T HYSHd FHE GARD (] 20 35(1), p. 85-93.
(ANZE AXE 27 8439 AFdx Bt Hokett, SL. Chapman, J.B., and Russell, CE,
k2 -3 % AEY WHYA o] HolT g 1992, Potential use of time domain
o} o]AL FAELELE &2FYsE ZREZHmzZH reflectometry  for  measuring  water
(CMP) & 237 A ZA3HEY7F CMP7F A A3 content in rock, Journal of hydrology,
F Z4de] EAAAE (35 cm D) AAE o] F) 138, p. 89-96.

427



A - A7 wtzE

Huisman, J.A., Sperl, C. Bouten, W, and
Verstraten, J M., 2001, Soil water content
measurements  at  different  scales:

accuracy of time domain reflectometry
and ground-penetrating radar, Journal of
Hydrology, 245, p. 48-58.

Jackson, S.H., 2003, Comparison of calculated
and measured volumetric water content
at four field sites, Agricultural water
management, 58, p. 209-222.

Jacobsen, O.H, 1993, A

laboratory calibration of time domain

and Schjenning, P.,

reflectometry for soil water measurement
including effects of bulk density and
texture, Journal of Hydrology, 151, p.
147-157.

Noborio, K., 2001, Measurement of soil water
content and electrical conductivity by

time domain reflectometry: a review,
Computers and Electronics in Agriculture,
31, p. 213-237.

Santamarina, J.C., Klein, K.A,, and Fam, M.A,,
2001, Soils and waves, John Wiy &
Sons Ltd, England, p. 488.

Shackelford, C.D., and Redmond, P.L., 1995,

Solute breakthrough curves for processed

kaolin at of

Geotechnical Engineering, Vol. 121(1), p.

17-32.

H., 1994, Study

characteristics of the clay soils, Master

(In

low flow rates, Journal

Tada, on the infiltration
thesis, Okayama University, Japan.
Japanese)

Topp, G.C, Davis, JL.,, and Annan, A.P., 1980,
Electromagnetic of
water content: Measurements in coaxial
transmission lines, Water

Research, 16(3), p. 574-582.

determination soil

Resources

428

= 3 0d 20034 9¥ 19¢
A Ao 20039 94 20
OR S I3-2] 20034 109 229

Z1ukd (Man-I1 Kim)

Graduate School of Natural Science and
Technology,

Okayama University, 3-1-1, Tsushimanaka,
Okayama 700-8530, JAPAN

TEL : +81-90-8249-3549

FAX : +81-86-251-8160

E-mail : mikim@gw.civil.okayama-u.ac.jp

U747 al= % (Makoto Nishigaki)
Department of Environmental and Civil Design,
Faculty of Environmental Science and echnology,
Okayama University, 3-1-1, Tsushimanaka.
Okayama 700-8530, JAPAN

TEL : +81-86-251-8164

FAX @ +81-86-251-8866

E-mail : n__makoto@cc.okayama-u.ac.jp



