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To evaluate a property of moisture distribution and volumetric water content on bentonite media the responses of
complex dielectric constant were used which are measured by Frequency Domain Reflectometry with Vector
Network Analyzer (FDR-V) system. The bentonite is widely used a barrier liner system in the waste disposal site,
recently. In case of barrier liner system, generally, the coefficient of permeability should have to less than 107cn/sec.
According to the results, the complex dielectric constants are increasing with increase the volumetric water content
and temperature together. Also the variation of complex dielectric constant due to temperature gradient is confirmed
that the moisture movements are increasing with the variations of temperature from high range to low range, which
is represented the property of moisture distribution in the bentonite.

Key words : Bentonite, Complex dielectric constant, Volumetric water content, Temperature gradient

* Corresponding author : jeong@andong.ac kr
281



282 A -

HoOB

HEL}o|E TR E g &34 9 w74 9
BAE e FEEATA BX EA A s 28 A
2 (hysteresis) 83l of3] HIEUIE 5 HAE AE
o WjFeAE BFAFS 2 dd9 JeAAl
#g Agdo] wff o] AA ot v Aol g v
2 AeAAAAE 1 S FHT 5 e BFAo
T27] g AA 4l FAL A7 H
Ae ALFHA A g A7 A o= B Hofof
ot =8 FAEE 58 TS el wat B33
Fo]l e AFE 7HA L glo] L5 ARA 25
vl Mste BATd g3E FE 8Y00E A8t
P BEs JEo disiAE oo 2L FTFE 1T
AL 38 BHAA st avt it

NARFEGERE U ETAZZANE
7t de] AL EE ol MIEYC EZ B3 A
A& w A A % A& (volumetric extension rate)©]
wokohz Wl EVo|E Y29 & M EHE
%] 3H5 3 (CEC, Cation Exchange Capacity) 2
o LHEE Ad, o] FHA, HE T4 FHA=
7] W &olth(o) ER# ol A Y, 2001). Wl EL}o]
2 E}o] E(smectite) A€ 2] FEY EEP 2
(montmorillonite) & FAROZE £ ¢fo] & I
g, 2N, g2 U R RFE Y E
EA4S 7 U HEYCEE TEA
(calcium)$ Y EF 7| (sodium)E YA H ol FEZ
Fgolu7tg 2 AHE FUNAE AA EH A
FEHE IF ol FHl BErh(Santamarina et
al., 2001; Gleason et al,, 1997). Y EFA HIEUC|Ex
ZEANEG|ERT A EE Aoy, 0o EEd
AHAZA a3 B} FLAF FHAA EF
3 S5t st E A A AnY HTANH 5
& 4 %54 E<lth(Danangj et al., 2005; Mitchell et al.,
1995).

A HE ARl B FER AFE
L7010 H71E€ Yol 4HE F, 1 8718 TAE A
shohdt W A" Bldel ARste He AHESL
Atk 1 A ZAE 4 Adts FFA wE 2
2719 24& BAs7] 48 ArAad GFFA4
FEY el MEUIETL o] &5 ot LY
718 AR F U E2REH ¥E 5o o3 2=
w7E A E A, BV E YelA FEolFo] 24
e AoZ Andth AR Ay A TA A

> 8
ol

EX

= e

[¢)

[t

9'15

ko

I"

o Hir M T

o 2 dp

a1

I

2y

22 ol |m ol mk
o

oot o im

HEZE E4E 7143 YHKoch,
, 2000). 23y F8 2E2
o wet eVt E W Fo N Fepn) W}, & o
F 54S godte AL drlE ARAAAE S
8% FEoth ol& HIE AFo] 45H FolE
AAM TAHE 42 w$ £7] g HEYO|E
AFARE Abolo] Fi 2ETFH AolE He
L5 W3l w2 WEYo|E Wi EA5t
A B FFE A4 F s AP
ZRT F U AY 34 vt A48 avdg o
g B AFodAe FHL2H | AHE)FElA
A7 WA FEFF Felol mE ] Bafh
A&7 4 (complex dielectric constant)?l A4 (real
part)9} 3 4% (imaginary par)E A 4 &
Frequency Domain Reflectometry with Vector
Network Analyzer (FDR-V) &4 vl & ©] &35t}
ANATE & T35t HIEVOIE FA Ao A8 2
=AM FDR-V $HZ2 8 o3 3A4d A8&
H o 2 WEUO|E FAA WA THHE 257
ol Gl 71Uste FEolF P FEEHE 4

ahe Zlo] & Aol Bl

N
S
o
rg
I
o
o
&
ne
=]

It}
~
2
o

m e S

B
ol

AL ML ANES TG A fdg A
A7) 8o of3f whg-ote B4R &(complex permit-

tivity) 54 & ©}
#%& &4 A4 & Frequency Domain Reflectometry
with Vector Network Analyzer(FDR-V) A| 28l & 2 &
o 24 F341~18 GHz B Wl A w2 o] B4
&S AEA ZHE 5 U= AAE AHESA.
FDR-VE 7|22 0 8 3332 AA7|9 Qad s
g 24T 7 e 9 UEHNZ o Eeo| H(VNA,
Vector Network Analyzer), 2071 9| £4 28 B & FA|
o 4% # d= "EH 291 FUEMSU,
Multi-Switch ~ Unit), ZAZE2B(CMP, Coaxial
Measurement Probe), 18] 2 2} A'doll 248 4=
289 232 (calibration) ¥ &7 A8 A% 5§
F 3= 7 FEl (datalogger) T Yl 714 o] FA 2 T4
g0l dom 500 ¥& HEM(CTL, Coaxial
Transmission Line) 2.2 7} Zx &0 AAHA ot
(Fig 1).



HARHEAS B3O o

B FDR-V S 2 ojd o) BafAedT 34
L 053 2E AL T8 o] Fol Wk VNAAIA 2
AA AA7 g BA O] ANHLZRE MSUR Hg
"ot 9714 2 Ade] LEE Fote] CILS Wt
CMPY S35l AgHr, ZHAY WE Hi7t
A REH A7 o AL SAFEU QP 9
BAI A ol A §kALE o] MSUL.2 5 E o}ttt MSUC A
£ ZZ7l(racking generator)$t WA A
(directional coupler)7t WA= o] Q1o whAbge} 271
g ADEste ghabgTte] FEE o] VNAA 34
Z3}4 9 9(1~18GHz)o) th8] A5 (real part, €)%}

& 4B (imaginary part, € o] BAHd 8457} 4
Ho 4 ZAX s dASd Y2 AFET o] Ba
&g e A7182 Y 7198 ey
£ F4 AFEA s 24 Fata E 9 dis) 1
AslE A e) B9 ASN A% e)st A 23
Bol i F4F o1 4 HE ASR 52 A4S
°lT°1 ZA) &t} (Bekefi and Barrett, 1987). wHekA] &

A el A7 A 4Ao o BarHedre &
EH@.‘?_' A4 W E Hehd o 3 VNAE HA7

Data logger|

Coaxial cable

Vector network analyzer [

________ =

6.0
= Loy oalig 4 °

™ s eoooocee @

[a]ele]a] aia]als]
goat
poao
paoen
pang

gp BED
11 Q|

>I

[Sample column] Switch unit

[FDR-V system]

(a) Set-up

Electrical insulating material

Electrical conductivity material

(b) Coaxial measurement probe

Fig. 1. Schematic diagram of the FDR-V system.
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Table 1. Physical properties of bentonite material.

Specific gravity (g/ o) 275

Maximum grain size (mm) 0.074
Coarse 0.0

Grain size (%) Silt 290
Clay 71.0
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Fig. 2. Temperature dependency due to the range of
volumetric water content on the bentonite mold.
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Fig. 3. Relationship between volumetric water content
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Fig. 4. Schematic diagram of bentonite mold column with FDR-V and
Thermocouple systems.
Z337) 918t FAA FRAARH 0.2em, 2.0cm, 90 - —
4.0cn, 6.0cm, 8.0cm, 9.8cm2] Ao 3 & WFS F | —o— Initial)
AR e L2 AT 5 9l QAN E, i B 80 | B Ihour |
A FDRV Z4Z20E HA5tel 2 ZHA o - [T
2 e S9 BAgH e NIE FA0) SAHAT, e
| —K— our
60 1—9— Shour !
ScHo] M2 $EET 54 £y
)
B AL &4 AET NPAAE o) &3he} AA 3
SHRE 40°C, FHHEE 20°CE AR st WEU o] »
E IAAY 257 E SAS A FDR-V 34 &
Hleol 97" 2AHZIZEE LY ARy 20 <L
PI~P67HA] % 6719 SAZZHE WIEYO|E FA
AW 1en Zol 2 27] BAG BAAHol tfa] B 10y
AFRAEET A E M HF 2L F 100005 0
A&HOT ZHFUT. BF FUT PPOT 24 s 0 2 0
Z287} AAE g B3] GAAE At F
- Temperature ('C)
U 2N AR FAA oA dAE W
& A SAAT. 2 ABoAAE & 6719 34 Fig. 5. Temperature variations of bentonite mold from
Z2HE HAFY ¥4 FsHod, ALY initial condition.



286 e - Aud

AR BAR U3 P PeS) ZHAE 5L &

7V stard.
Fig, 58} 62 FAA o) X E 2 dAMXS 24 2 1000
HHE SN ZHOZH AY AA T2 FAA 2
AANH Y &5 W P} BT Yok 0 A3t 00 |
ok 104 7F BHE BE HA) AP &5 A ‘
gAA Jehg o, FB¥RE a8y L2F
) o) N2 AR Uk H BAFAT 1 g oo |
AnE 239 Easdeasd 259 BAAS 2 =
@ol thdstel 2 Azko) mE A ol Aol A B
5ol dele 44 AT Fg 70 2d SAER w400
200 ~8— iniia
—~ I After 100 hours
—&— FDR-V
0.0 . W—'!

0.25 0255 026 0265 027

Volunetric water conitent (cc/cc)

{a) Movement of volumetric water content

Temperature (C}

100.0

Travel time (hour)

80.0 |

Fig. 6. Temperature properties to different the temperature

gradient on the bentonite mold. 600

g

Height {mm)

S -
©-P5

400

B KR

200

|

g 0

Volumetric water content (ce/ec)

0% | N 0 om 002 083 004
oz J Ratio of volutetric vater content
025
9 » Q & & 1w el , A
. {b) Ratio of volumetric water content with height
Travetire (hovw)
Fig. 8. Properties of distribution of volumetric water
Fig. 7. Variation of volumetric water content calculated by content in bentonite mold: T1- initial condition;
eq. (2) using the responses of complex dielectric T2- after 100 days; T3- profiles of measured

constant. FDR-V.



i l%o}cﬂ % lxﬂ LIH xﬂx—#?} Hlé
v_m Frud o5&
AYstA %75 A Aol g7l WEo &
ETHE He Alxﬂe Al TR Fol 2 FAZ
Adsle AzANEE B3 AATFuE FH},
A& A EE 100AI7J T A 29 v
oz 1 ARYe HENAY. Fig. 82 A A=
o 24 A3 vl wate] Yerfigioh

AR AZFFu g v ns BafdedTd
o FARHH 73 A& YEY|E FAA &
statRol A 24 227} o 1% Wl Tgo}k— e e
& Aok H, FAA oA FHo|EL T Ul
vlﬂlowl & A2 GruE FFHY %kﬂi et
WrlelE tha o g w0l AT Ml Yo EY F7
F74107en/sec AR Atk A& A4 “ SAA
oA el e FEols 2 2
23 B 34 Al g 83 e 3le
sttt

o ot

1o Mo

= on
ro ofw

EX& FDR-V %Zd% 24N g H g3t 49
gt ojv] &R vie} Zo] Wl ELto] E9 T
= 034 o] 7l EFA TR 4 3]
ol H7|EA R A¢-AEE del AHLE T 9
A A& FH we FAHE o o8 24
A 5ol AFA YRE AE F44 rtsA e UE
31tk kA MIEUO|E FAA YRAA 25
Fjo] B2 FEolF EQE BAFAENF L
SR sopat A

A &g &
2754 &85 U3le 1GHz
23] AEIHNE A3 AFFrne 25

£ W] 48 WEYe|E U &
of A%y 45Eg ol

ool wet

AR 45w G 77}6}“ A% S5 o)
¢ @9e B aRBEI4A GE w el Ha
@5 27) dpolcs E5FHel U AFAAE
ElolE FAAE XL It kTP BE Fuy
o serRel LERT 20°Ce LETH A A A
45018 24ste] A o) ARG Bl vm

Jim

E FEEX B 9F 287
S A3, 2AH A7) 1% oWl A EXjse ALE
Uelth oje A¥ 28 Z oen FAR 2} HEA
S B3 Astg AAGFus 944 718 Add
A& A tfd HaFghe ovister s FDR-V
274 Ao o3 A @& SAHZEHIL HAH
o] & A AT AAZGFHo)7] WEdd thi
e 24 AFAE Hol= A0 E wagth 137
T YRkE Al AR R "}%54‘; ]E"}"]EQ] &
Ao FA7E 10 cm/sec o BAGAS
ol3 MEUeE
=88 o
#HH 24 9
A 83|

73’\]3—1?_] ﬂlx—?fé}—’?ﬂ] E"‘ii}i—‘?‘ﬂ -’F-Ev— }5 "““} ot

Z

o2 sekahs

A_

J\}lr _IN it
oZi ot obl

A4, o), 2000, A WA T8, | A T, 587p.

o] ¢, o] A Y. 2001, H7EWHFAA TRl A
g BEEA A% EF-HEUE EJESY £
Ag B4 B3 A+, AT EERAE T A,
6(4), 61-72.

Bekefi, G. and Barrett, A.H., 1977, Electromagnetic vi-
brations, waves, and radiation, Cambridge, The
MIT Press, 664p.

Dananaj, ., Frankovsk3, J. and Janotka, 1., 2005, The
influence of smectite content on microstructure
and geotechnical properties of calcium and sodium
bentonites, Applied Clay Science, 28, 223-232.

Gleason, M. H,, Daniel, D. E. and Eykholt, G. R,
1997, Calcium and sodium bentonite for hydraulic
containment applications, Journal of Geotechnical
and Geoenvironmental Engineering, 123(5),
438-445.

Koch, D., 2002, Bentonite as a basic material for tech-
nical base liners and site encapsulation cut-off
walls, Applied Clay Science, 21, 1-11.

Mitchell, J. K, Bary, J. D. and Mitchell, R. A., 1995,
Material interactions in solid waste landfills,
Geoenvironment 2000, Geotechnical ~Special
Publication, No. 46, ASEC, 568-590.

Noborio, K., 2001, Measurement of soil water content



yal:

288 dhis)

and electrical conductivity by time domain reflec-
tometry: 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 Wiley & Sons, England,
488p.

E 379 20059 8¢ 4%
AA 9 20058 82 5Y
Axgad 20058 9€ 13¢

- And

o™

ki

AZFAYFTA FALATY A FANATA
305-730 A F G Al 47 AW F 462-1

Tel: 042-860-0427

Fax: 042-860-0592

E-mail: mikim916@paran.com

|

et AA e} A 784 35} 3
760-749 B 5 A $21-F 3880 A

Tel: 054-820-5753

Fax: 054-823-1627

E-mail: jeong@andong.ac.kr



