AT e = A3 7E 20073 7€ pp. 47 ~ 55/ BEEEY Az

]

-HIELIOIEHN et MY|MEE BUEE 7(Ho M8y HIL

Applicability of Electrical Conductivity Monitoring Technique
for Soil-bentonite Barrier
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Abstract

In this study, applicability of electrical conductivity monitoring technique for containment barrier such as soil-bentonite
wall was evaluated. Laboratory tests including permeability tests and column tests were performed to understand
variations in electrical conductivity at different bentonite contents, hydraulic conductivities, and heavy metal
concentrations. The electrical conductivity of compacted soil-bentonite mixtures was found to increase proportionally
with bentonite content. Accordingly, the hydraulic conductivity of compacted soil-bentonite mixtures which decreases
linearly with increasing bentonite content was found to have an inversely proportional relationship with the electrical
conductivity. In column tests, electrical conductivity breakthrough curves and concentration breakthrough curves were
simultaneously obtained. These results indicated that electrical conductivity measurement can be an effective means of
detecting heavy metal transport at the desired locations within barriers and verifying possible contaminant leakage.
Experimental results obtained from this study showed that the electrical conductivity measurement can be a promising

tool for monitoring of containment barrier.
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) A)0] ALHFI, 1998). S3] FAELo]E
(soil-bentonite wall)-2 Axjn]-&o| A H3}11, 3}8LA #]
el Wt A3, He F4EHS Ptk YS
73 Stk IEUOlEs &3 RESAl AA &l
=7] gzl AF4Ad SEI}F 7hesi, BlEHAT oF
o] 2 W gH5(CEC, cation exchange capacity)e]| #}-%- =27]
Uﬂ—‘erﬂ S FEA i FAsol Fsith webA A
T/39] grel e FEA olF JAE FHOE 3}
= 2%‘%@ A Ao A o® HEEI
(Alther, 1982; Daniel, 1993; Appolonia, 1979; Mitchell
et al, 1995; -85 5, 2006).
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7] Slstel Astel RUEPL AN, 0 GE
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2 s Hek ek, AR AT BT
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HEUOE o]9jo] HEYR 5 AlEE T &2
BN 7] HVAEETL Y AR &4
Aol m|Rj= FFE AR BF A

e, 7129 A4t sule AdEiol diE) A=

£ SAT o)) wizol ojn| A3 ApEA|o] o

o %

o

o 2

to e g 4

=

270 2

o
e

] y q,

=

l-ﬂﬁxemr%mio&rﬁiﬂﬂﬂ
Ol
-

ki
ig

& BUHE 44 4857] oAk Algo] $2E
F-aEvel=ge FAve U BUEYe] A7AE
£ 2471ME A8 QAL A A7 A7)
AEES 245+ Pue) 4840l AFHolor A
mhetd, B ATl e FHIEGClERY HELe]E
ey 0 E44 Byl i A71AES BUEH 7)Y
o) Ag4S WIS 9lstel Bt AEVOEE EF

3 Aol Thet AR UBS SAstel WEolE
B R FAse A7 AR YUBAS 2A5
Atk E3, AYHEE 2471ME Hgstel e
2 5% 098 052 A5H B 3t A
e WA St] FRE ol5S BARE 24
& Folol $a% olgo] e WEEs) s

ol od l‘U?: _l

Fol 22| Efol o}



g} Z4 HE Lo E(Ca-bentonite)2} YE S HIELIO|E
(Na-bentonite)2 FEETCH UEE HIEU0|EX: Zh%
A o] 2o Hle) P EE ha Zrou}, HESA
o] sh7t golsha, SPEAe| gt FHelo] 27| o
2ol e 9= A A" de] &85 gt whet
A, E AoiAs At AR gol &eEE UEF
Mol Eo) i) APL st E3 WE o]
E oj9o) O YRS T FES Yrieh] kol
7h 2ol Eofl tigh A agsto] WlE o] Eo)A
vehts Atel vlmatgnt FHEU|E EFE
gt AS flste] A& Fllol A 33t stEst
E(0]F ‘Soil A& 27N} it A ATAFER
oA T FATE(]F Soil BE #7)E A5}
k.

2 AT AREH £ EA4L & 19 AAEI LT,

XRF(X-Ray Fluorescence Spectrometer) 412 23l ¢

W= Ygo] T2 chAHe B4AS 9 A
714 EQWSLE Bte) 9Astel wAzE Soil At
Soil Bojl HIE o] = Sk MapAA7RA 2} Al=el
HAgan) 2o Bne ST £ AR
£ SHE bR Ee} FYW F42 27 33.3mm, &
o] 71.5mmz A2 olaY BEolA shH chyz|2
ASTM SPT 4799] aje} 33 253] thdg AAjste] A
& Aarsieleh. g g Ao dstel 23 1a)et
2ol E4NES AL oln) HGH FALL A
29 240 whet 10~21kPag AE3hoATh YA A
AR ELASE A4H0R ZRN QWY

gkl U m7kx) B4aEe sastac

2 59 TS & 20 Atk BE AlRe = A 3
7zt AMgsEgl e, oA AR AT H(Soil EFARAI & 55T SUt ANEe s A
AStB)S] ool 10¥1A1E Baket ARE P A VJHEES SHskgch RS ArHES B4
Stk @l HAT ARl hal SHINBS = FUI 29 AR thate] 242 28)% W= HA5
gt 23t Soil A9 A9 A4l 12%0]3, Row, 2 AE o] Wk Foto] AaEA | &8st
AZRYEFL 2 ymiolgon, Soil BY Aol & qtk
A akaa] 163%0] 1, AN ARDYETEL 1.7 ym’ o2 AEC] A7|HAET = Agilent 4263 LCR meterS Al
Uebutch &sto] 24 9 AZIHERE ST o AF
S e kg o) WFolHL HAFEI(Elec-
1. A0 ABE &2 54
Bentonite Kaolinite Soil A Soil B
Specific gravity 2.6 2.59 2.60 2.69
Liquid limit (%) 393 62.1 - 31.1
Plasticity Index (%) 351 36.0 Non—plastic 20.0
Uscs CH CH Sw ML
Percentage passing sieve No.200 o o 0 o
(<0.075mm) 100% 100% 7.6% 58.8%
Specific surface area{m?/g) 40.78 7.39 3.95 27
Cation exchange capacity(meaq/100g) 90~120 3~15 - -
2. XAF 240 ofst &o) FHYE
SiOs AlO3 TiOz | FexQz | MgO Ca0 NapO K0 MnO P20s Lor” Total
Bentonite | 63.47 | 16.64 | 0.48 | 3.76 | 2.01 275 | 272 | 0.26 | 0.27 | 0.1 8.52 100.99
Kaolinite | 48.16 | 35.66 | 0.18 | 1.01 025 | 293 | 078 | 0.6 0.01 0.02 | 11.36 100.97
Soil A 69.37 | 17.23 | 0.21 1.99 0.34 0.31 2.7 417 0.24 0.04 3.27 99.88
Sail B 66.82 | 16.55 | 1.00 6.79 0.46 0.23 0.24 1.76 0.06 0.29 6.68 100.86
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Regulator Valve\ Effluent line
Air pressure | —

N, gas Air
cylinder v

Burette

Permeant Acrylic
liquid mold

Rigid wall
permeameter

Reservoir

Influent line Regulator
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parallel

electrodes 4263B LCR meter
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acrylic electric wire
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trode polarization)o] @A E &= ALE A& A HRin-
aldi and Cuestas 2002). o] E¥= ZAFo) &, YA, 17
of e WL olgolel ZAHNAE o W2 oleE
o WYX Y ZHFo| BROIE Qo] Elof
B A5 A 01FFE WA dhEe] e
t} o|yst AT mHo| o]F22 A7o] AY|u|ATK
g 7Pl =2 153'115 7= o> HETH=E
4 Aok ¥ 52 Fukg Yo A= double layer
relexation Ei}tof] olafjA} A7 HEE7} AA grEot &
7}sl= Agko] vhebdti(Rinaldi and Cuestas, 2002). O]
gt A2 BiAIS] Y8t ASTM(1982)0f| 4= 25~
3000Hzo] Fat5= HYlolA E9 MW7 HEEE S35}
L AL Aoksl 9] o m(Campanella and Weemees, 1990),
Campanella and Weemees(1990)= UBC B| & g+3of|A]
IkHz9] Zmdold A7 TS ZsHck ThEbd
E doA = A=LE =7} double layer relexation &1}
£ uiAIst7] flste] 1kHz9] Fafpo|d A7HEESE
=4 5}9e}.
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SHEVolE B3 thlAHel MELo|E Sk
A7 AEEe] WEE 19 30 EAISHT 1
30] olshl WEUO|E Fato] Zvkalel wet W7HE
7t dgHoR 2t AR TR vehyg
. F-HEUe|E B3 chAHe A WEel= 3t
3 AN RS AudAs A ()T 2 AEw
Hoz mHD 4 Yo, & 30] AAE v} To] &

=
=

=

M

4714, o, S-HE|E E3tehE AR A7)
L2(mS/m), Cp= MEUOIE TH%), a} b= 455
217} vyebic.

HEUO|E Fhefo] ntE A7 HEre] S7hs 571
A gRlew AidE 4 ok AAs HEUC|E A &
SEl ol 2AEE0l AT §qY HIHEE FTto|t
TET (200602 WELO|ES Folad YWil &
8] wHAZ] & g Fof] EXstE ol AEEY
SEE B4 B ok IEYolE wik 3 g &
SE o] AEI} HES AHEYH Na'ol29] Fre
24~37meq/100g2 7FE2]Uo|EoA L3Eo] e
%591 0.9~ 1.3meq/100gk T} oF 30u] A= 2z
Bl A& HESte] T2 ol JEEE UE TR/
Zoll s U @& o]&E50] &= U2t AS
AASFATHFTT & 2006). F APl =4 Ao
2 &E o]2ARE =FY A7 EREE SV
7)7) diEol 2= & AlHe A= EE S7ksHA |
ot B4 HEYC|ES F2k4 FoA dste &1
A aiof o3 veivts Ao sf4E + Stk
HE 4R Feols & 44 299 F2 35 o=t
A7) A =7t TAYSH= EHA E(surface conduction) &
ol o8] A= 7= Aow AR et
%, 2004; Yoon et al. 2002). HIE 0| EL= v EHZF 0]
Yol Az 7o + e FAY Fol thE
e vl Az ez @r] ggo] A7d==E 3
A S7HA71A Eot

% 39014 flEVO|EQ} FL& Lol E 9] BhRF WSt
of & A7|HEr W3l AFS vlus) & 4 ot o]

T

=
=

W ARE ThE MEgE] JE A sl 4
HA) EFHE Soil AclA 20087 ZFE AlZTHE &
Fatgirh 18 39 ot MELo|E gl mE A
7| Hto] Blst] Fh&EjLolE Fio] mhE A
NAREE ozt F7lohe A% YEhAlw, 1 #gt
T AA g2 AR YERT ol F HEAR A
ol gfEo] L2 ol 29 gt vl
A Aol e M7 HE=R st Hmof Aboj7h Lyek
e 2oz & 4 Yt

0% 33 B 304 HlEVo| B} ZotEE F FF
ol M 7| =E HMakE 4T E Y, Soil AT} Soil
B} ¢ ydHo] o 27] WjZof BE HIEY]E F
Foll dste] o £ A7IH=ES YeH, 7187]
= A9 A7t gleg & 4 ATk ol Soil BY ¢
AE 9 ME 45o| 58.8% Soil Ao] B3| AiEo
2 wol £ 7] g2 Yehys ddes &
Atk & EHE ol A HE YAre] EHA
= Aol ozt A1 Sl e vehde 2t
2 42 + gtk

AP A st HEUo|ES EREE £ F
7t HErEtE ERE EAskE HEQR gl
o2k ydH e Aol glovt, MIEU|E o] ne

>

ol
t

80

@ Soil A + Bentonite

B Soil B + Bentonite

O Soil A(without fine) + Bentonite
g0 | X Soil A(without fine) + Kaolinite

40

20

Electrical conductivity (mS/m)

Bentonite content (% by weight)

8 3. MIELO|E B2 ME MINEE HE

E 3 HELOIE 250 WE MI|IHEE Halol| thet 8|72 daf

Specimen Regression equation R?

Soil A + Bentonite 0s = 6.69Cg + 6.7 0.9748
Soil B + Bentonite os = 6.71Cg + 4.3 0.9923
Soil A(without fine) + Bentonite os = 6.95Cs + 5.7 0.9764
Soil A(without fine) + Kaolinite 6. = 0.28Cs + 5.7 0.9031
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AN Z7ke) 71271 7o) Wapt giglom, ¥
Eo]E o] ME H7AEE ek o2 HEA
Fof ujste] AhH R B =7) o M/ HEE
2742 3 SalEUelE E3 thy ARHY HE
UolE W Wt anboR H8E 4 U Ao
Az g

-

SRt HIMEE 2

o @B Aol FaF AAAR F st
E EASRA ko2 1x107cm/s 0)5ke] F4:7)
5 gHstojo} Firy. BEpAles HMEU|ELL 3

2= @E-dek QEExZ Sl Z+o E
Aol ol E GeS LRI HEVo|E ko) o5
7V 3A FFE 7] gZo] HEUC|E Jhgo] 2
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n
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—a— Soil A(without fine) + Bentonite
Koo -- X —e— Soil A + Bentonite
BN —m— Soil B + Bentonite

1.E-05 XK., - X-- Soil Afwithout fine) + Kaolinite

1.E-06 |-

1.E-07 [

Hydraulic conductivity (cm/s)

1.E-08 |

1.E-09
0 2 4 6 8 10 12

Bentonite content (% by weight)
37 4. WELOIE B2 M2 £474 3l

1000
i O Soil Awithout fine)+Bentonite
@ Soil A+ Bentonite
‘E\ m Soil B + Bentonite
&3 X Soil A(without fine) + Kaolinite
&
2 100
3 LY
S o]
S
3 *¥ o
g o =
] LI Yo
L 19 [ J
b X X
3 X X
w
1.E-09 1.E-08 1.E-07 1.E-06 1.E-05 1.E-04

Hydraulic conductivity (cm/s)
07 5. 4740 HIIHESe] B

52 g2 XLrBsEl=28 H23A H7E / SE==28 H4s /

I9 4= HEU|E Feko] ©E thRAHe] F4A
o W3S vehd Aot E3, BARS Fog A
Hel| sl A7HA=E=E F4sto] FeAel A7
Trote] AdE I8 5o ZASHY T AEZ |
J3tH 7SO ES Eatat A RN ThetolE
gl 0%ollA 8%E F7FstHA ELAST} 4x107
cm/soﬂxi 1.6x10°cm/s 2 ZHAsHEA T A7jAE s

Wiste ehha) eiglet dh, WELo| £t B3
Aol HELo]E gtefo) F71atol me B4
7} R Fashn, ArAEEE STk AEE

ehy] g E4Ael Ay HERE W au
2 Uerpeleh
:va soll el B4A|s0) AY)HEE o] ofaist A

A= MEo|E e Wste] e S474 v
9} A7 AEE el tie Zzte) Aug ozt
sxoz B2Es Fnz BE Ao Hyshu, WEL
o= ghFo] wishElo] AlRe] Ao vkl Aolug ¥
sA%et HAREES] SUAQ BAR Lukskstol
SIS clgel gk 3, gELtel= @) 3
Aol Wk EaAet Zastel, A AERE 371
Hug o)ag B o8 FaAS I HEE AL
ole] AV} EBEE oR ARH} FaAsot 1
/RS Aolel SUA BAS ma) A

Qo A molA B4AGE WatEE A9 T 4

Hol Saslolof T o= Az

2 gi7o) Ao olshE WiELo|ES Bt =

F4E 28t Aol MEUIE jg] whE
ARRH FAdol digh 29 BUEPS 35
© AL 7 Zles ddEnh

33 Z=% ol30 2lgt ™

ANHEE 24 Foto] ABHAE B 04%
4l olFel 4 2URY s i W) okl

Sy 2R A0S 1Y 6 19 7o) AN
o A SRl 48 A HEES) WekE sl
THoR BN gistel A e AAE uhet 2ol
At A 7] 4 I Y (relative electrical conductivity) 7R S

X g3}9ict.

EC,, - EC,

Relative electrical conductivity = W 2



o71A, ECye= 9] Azt 41 thA|He A7)
Ak, EGe 2954 U 259 A8 271 A
A%, EChe 3t o] 39 M7 |HEEE vepdch

I% 62 HIEYO|EV} 23E]R] oL SFFIIE A
Fol gt AdE Ao, 18 7& HEUO|EE 5% &
ate] 7] B4ASTE oF 5x10°cm/sE UERf o] 3}
gAY B 271E UESHe 27U AR o
3 AL 83 Aoltk I 7o AXE AP A=
107§de] B4 A&H o8 AES 345t ZA% A
o2 g EaAfel iEYo|ES] FEdd gt &
502 Qlste] oF 190 pore volumeof| 4] a7} vpel
prag

I8 6(b)of A B EFF 23E]R] oF2 HRIAIH
o A a5 §do] e T FrAley Wt
7t A9 HAgskR] gttt &, ¥hEAdol A9 gl A
B8] A9 FpAl4=e] WSyt Aol WAy SR ook
ot 2y 38 794 B = AR0] 5%<] HIEUe|E
74 323t AR Lol 2F 10 pore-volumeo] &

FAT F7Fde] FRIENeH o AVHEE
7M1 e fARHA UEbETh dRkdes o
EHIEYo|ET} SFeEdE ¥t Q= B A
e o) FeAlee ST EAT o+ e AR
A A QJtiMichell et al., 1993; Gleason et al. 1997).
ol Fol&9 vrrt TS o 549 =7t 57t
gholl whet WAt Ao R 2 Apofofl ofsfiAf At
Atolo] ERASO| F g g o)F st wet 33t
o] Z+AE]7] wEo]cHMcBride, 1994). UEE WE
O|EE 3Rt FFARNA FdH A= Ee &
FAGE] F7F ARoA Y FARRE WSS T3l
ARLel AR S 5T 4 ok 1YY B
Aol 77 A71A=E A ¥gtaglos
wdstrle 7t Jlen] BaAleo WskE Bt
€ b ol A7H=eg 7|EAAE E8317] $IsiA]
< FLR Aol Hisl FrAeE 23T ot A
o] Adgxjojof & Ao FriET,

9 6()2} 7@ AAE =4 7tEg Adwol

m e 2

M

&)

e

T Mo

0.6

0.4

Relative concentration

0.2

—.————————— @1
2 o
2 o0s '
Q
3
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S .
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w K
o
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L2 04
[
3
S
S ;
& 0.2
—@— Relative electrical conductivity
.'O ---©-- Relative effluent concentration
0 & P £x

0 2 4 6

8 10 12 14

Pore Volume

(a) mhjm M

1.E-03

1.E-04

1.E-05 |

Hydraulic conductivity (cm/s)

1.E-06

Pore Volume
(b) EAl W3}

13 6. Soil AS| ZIEE miHf=M U B4 4 wE}
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06 |
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02 |

Relative electrical conductivity

Relative concentration

—&— Rative electrical conductivity
---Q-- Rative effluent concentration

° 0 20 & 4;0 60 80 1(;0 120 1;10 1(’30 1;30 2000
Pore volume
(a) oM
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2
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© 1E07 |
L
3
s
T 1.E-08 - .
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