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Development of Contaminant Leakage Detection System Using Electrical
Resistance Measurement:
II. Evaluation of Applicability for Landfill Site by Field Model Tests
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Abstract

Field model tests were performed to develop the grid-net landfill leachate leakage detection system using electrical
resistance. Electric circuit tests were also carried out to investigate the expected electrical effects of grid-net electric
circuit. The resistance of leaking point showed lower value than that of non leaking point. Grid-net leakage detection
system was thought to be effective to locate the leachate leaking point. The measured electrical resistance along the
wire including the leaking point was slightly reduced following the reduétion of electrical resistance at the leaking point,

which was explained by electric circuit test results.

2 X
2 =RoliE ANA) WA offt AES FEANAAWS L) SIotel BFRFAEL Fotel A
He Brrelg e, H7H2AWS Bale] AN A WiHolA WSl H7182a anke wetsax stk

&4t AAATE BaAP7) 2] FE2AHeIAE e Aol 1) e AAAYEE Ukl wek,
WIATE S & rBUANLYA A34el Y9I AHAA DY U5 78 WAL Abssigect B
2 BEES Folo] $29179 shoto] ZKsShr. HYIAT) BAE AW SUT FAAl AT ThE Al
Nol S o Aok TS Uesot, ol Aol 42 Foz MRS B WA 928
ANz A & AU

Keywords : Electrical conductance, Electrical resistance, Electric circuit, Leachate, Leak detection

LME 4 shd-Z ggxp]ﬂ B 1 9JafAdo] ujo =c).
mebA YA E A, AFSE A9 utEtg] AR
AN WS ESE AT BT ASkE B AXsle] YE4o] $EE YA Tt vk X

*| A3, Aeugn ATHFAN2WFEE, Ay (Member, Graduate Student, School of Civil, Urban & Geosystem Engrg., Seoul Nat'l Univ.)
*2 A3, A2 AT-BHGA DT, AAGA (Member, Graduate Student, School of Civil, Urban &. Geosystem Engrg., Seoul Natl Univ.)
*3 @il%j Agstm AT A|AEFIE, ZWS (Member, Assistant Professor, School of Civil, Urban & Gersystem Engrg., Seoul Nat'l Univ.)
* SRSt ARI)EFEE, o (Associate Professor, Division of Information Technology, Soonchunhyang Univ.)

*5 (F)29-71%, thEeIA} (CEO, Jinoo, co. Ltd.)

-~

HIINE =250

o

0188 QESE SELAAIAE g || HE2EAEE St B0 B84 Bt 225



g 2} Az A, e AR A Ayt
A, A7 Ajke] Aol whebd A=A g B2
o FZo] HAY 4 AH(Colucci, 1995; Darilek et al.,
1996). &3] 2o A=A &4 A ol ¥
NEe X BYFo| A §, RIE) 24
AL EAF I A o3 i ulete] Wrlne
= o2 sy yguto] EAMEE o2 Uehtct
(Yeung et al., 1997; A3}2], 1998). &)=+9] 7~ Laine
and Darilek(1993)-2 ] 850,000m' ®&} 2] v FAko]| of
3t ol BE ZAIS A2 Pt 1,000m' 2.2570 €]
AHoA FEol WAST Y& WaEF b AT,
Laine and Miklas(1988)= 4-54] +&x|d grpgez
617148 ZASE A 10,000m'S B 34479 =2
AL A 6%-82 B1dt v YcHDarileks, 1989).
o}z] o= wjFPX| A9 shdof 2%t A&
=Zo gt BA7 Bag ub AR ol tigt EAl=
Az4et Ao 2 waE) mets mjyo] ¢rEr] o™
o F&& 270 ZRE A wEH AHE T
obstal AAAHE Baste] 2 A|Hke] 2 QS 3
43}3fodof gt

oA Aol A WAEHE ol diE Ak A
B A SHolA 7| 2A el Brole ¥ 4 k. +&
o 3t 2AME BUEHAE AX|sto] 2AFSH= W
I R2ARNAAEE AXJehs PHOR o] &
Atk FEARA A AgioA HEL He £4
o] FHoIA RN 27(of REoHe} =2AH
& Ftold 5= 9l AX|o|EE Q FEH | E4tH7] o
Ao LHAEE AR 4= Qlth ,

E =RoME AFRPAPS Folo] A AA
w2 o] oj3t AF=H7IUE o §T AAAAHY I
24 FEA O digt 84S Brisiled, 7139
ZAPE 53 Ay AR oA vehte A7)
324 avg B4k

2. 7|E9| SEURIALH

A AHSEIT Gl Ao sheo] R FERARY
gomi A sl WsRe) £YNSE Yt
o FABHE Aske SRS, o|FALUL WS
LAY FEOIRE 2B olFALYL 225
A, ol FAGTRE Lol THUAT vjsTe) 5
A WsjolA GASHE olF Mok TR, B

226 S=2XPBEE=2F Mi7A He=

Fi e, SUY, i € RUFEF AA =
HAS= TFAL, Aol vlqtol v[FAEY 5
AWsE FEAqR1E ARSH= S| & A(tracer)
EAo] ATl T 1999).

FEHA ] g ZUEPEE AF3str] At
o= 718 BAZE o] &3 A A2"He] Y
=k A7 EAE o] 8% RERAAN YL A
sko] e} ojiio] 2z AFL MHsHE AL 718
2] &2 gich Apputo 2 AMR-E)= sheet= A7 M 02 &
2 AAEE VERY] i Eo]] Aute] &3 250
AdE 718t e AFe= AY B2 gt 28U 2
Fufo] WEEH mpbHojA M7 A=AH YL HER
AFo] EFo| WAsHA At A7) EAZS o83t =
SUAN L A A Q) a4 of) whe} 7= H(Two
Electrode Method), =2 A1l x| H(Electrode Grid Method),
o] ZAF A 2~ €l(Moving Electrode System) £o0] 9l.o.m,
Aol uhah xpeut o] EASHs AL
R3S o|-&-oh= M9 Hu ApptubiA] ARFaege]
W3l sERRE S3sts ARY S22 SR
(1A% 5, 1999; Oh and Park, 2000; ¥}, 2000).

ko] HAGE ol§ste] Apubol uisel o
off A5& MAete ARE Fashke HA2 E /A
EAEE 72 9tk AR, AR Jppato] X x|
A 2 iAo dfaiA= A-83 4= glch E T4
SR 2ppato] AR]E ozt sieiete ufP A o] HA
HZolA HF9 olzo] AT 4= Q7] wEol HEt
HUE o] golatA] Yt A, WEA Lo HA|H
+ AL 753t YA 2 RE dal ol A
Az|slodof sl=t o] A o] -§-ol5tA] Gtk A, FEA
A& 2= o] HE(pin hole)d} 22 2h2 mpdo] 9
3 FAEE AAFUoR 7PASE AQA AR o] 23]
AP} 28y wjg Ao A Q] Ay sho] AAF
o 2= AGEFoIU T I3t wia 22 2
oluf 7|7} & mhio] YAYSHA HEE A9 7Pz
of gtxl gtom @ =229 QA|utete] QlojA FHE
¥ HAEE & 7F5A0] QohFrangos, 1997).

o8 7HA] g9 =E&2A7|EHo] M= AR of
A7tA] {AF FEAAANLHL TERA] Gk
oA AlA®le theTt 22 24E ThEEof gt
(Frangos, 1997; Hix, 1998; Oh and Park, 2000; 24,
2000).



. 2w g3} Bejulgo] Hsor Bk

- BYBA FEA B BABoF 3L, 23Fo] o]
of .

- EEW YTAS Mok Bk

- &7 2hejo] AEB}siofof Sk,

colE §Eo) WAL FESo] AN HEAS

sot k.
- ohRR shse] AA| X ool T T2HA e BUH
o 7Rssliok Bek.

3. AIARIS| iR

B Aol A st she AR AL 1Y 13
2ol AXE ARG R FAst, 2+ A wApof
AXE AAsHe 2AE 7|2 FH 2 Stk oo i
o} 9| =g AAsk= 7|1& WY EA™E A
317] Y13t i A shof AAE AlAjof oA AF
o] ZF3 FH o] Aol o] RN =F BT £ AlL
He ARy A wapge] AXE AN &
== 714 F(Electrical resistance) 7t 012} =91 A
7] A % %(Electrical conductance)?] #4-& 3l &
A8E #AA gt £ AAdA e A& 29 13
o] ARFFEAG A2 AR FTHE &4
A &”E Foto] o] fojZith. 2} AlAo|M o Ay S4
2 ARG AADNA 72 N2 AAE shid A
g5t AAFTozA H7|J2E st ¥E o
g3ttt g, 7I2 A2 AAE § gy Addste &
719] +, - Ao A3 o] H B 2T} o] FoH
Aol wate] AxE Aol thigt 0] 73
"ot 22 Ao g AAE vz £ 710 ddst
Loz G BE AA gt 7o) o]FoiA]
A "k

&

AUy

4.1 HYTHAREYY

APRYAYL 2 Aol Astaat sk W)
A5 27o) o3 WES FEUANANLHY AL

B7s7] Sisted FaA=leh AR PRGN W2
20 L2 AR 2T 5 %) RO RPAYS 2
st 4@ sastgch

-

I SFIIY

]

Ol1Eet

Electric wire

B, Stainless
§  steel

R clectrode

D
Zay

L/ " Measuring sensor
installation
T
b ¢ ¢ L4 Multi-] | Current
Grid-net Electric Wire meter Source

] 1
Measurement System

38 1. MEEY SEARAMLH ez

IAFEPAYS Hd 24E EA= VIR A2 4
11m 2Z7]9] Aggols, hFRAE Hol Im F= 2
2k & FAFALE X st APF A&7 9A

Cwho SolElE AL NSk P HAT F

2T FI U FL oG] BEST, YL 3
slof Aukg ZASIch thdo] $EY ¥ Im HEO
2 712 108, A2 1089 A4AL X3, 2 A4
LA T SHAT Abe]2] 2HHo] 7.5emel W71 4%
2HNAE AXsHch F2RANLH ARt g2
2 ¥ PAEATS Pol APR4e gt

Ale) o AR 19 20 AAG BHES 2k
WA ego] WA A9 27 ARL BE Ao
deted 2Heigch 232 FUAFA(Keithley 220)0
2 ImAS) MRS TFoHT, o)n) WAYSH: WS
Enig 2 EAsketh B4urel Yol de] Agses
BE(pin hole) Feol THeat BY Fehe) sheRBe
WS, oi7lo] BES FUAL 9istel 271 o
o HYNA W24V HERYE FEHES I
ot 19 3& YA BEos AT AE
& FEAYY GUES Uehd Rolth. B4 +E
o WE BE SPANNNY AL HY3T, A
o] @=E Fo| YAFANL AAse AA WEFo
ot 2 AN STk BHNA ZHE WY
A2E B4 24 W25 LGS AA) FEof
% 2AUE HEste] FEUXAARY Py

Zsgic.

AFRPAPS 2A5 BUAHY a2 F A
Aol EAlo] o] WS A9 +EAHEY 24X
HoEs s ARINEY hee E 19
Hejet vhoh Zror, 2t APl AYHOR 2 -
XL 19 40 2A3HAh

LAESH SELXAIAHL JHE: | SZI2FANES S R0 H8d Bt 227



J

=

I Mg
Y
AANH M
¥
CE&X%, 53
|

v L 4
ds+ X 24
X n l
ol =
I ]
v
Hlu, 24
-7 2. MY
Grid-net
dm, Electric wire
10
9
. :_Test 7A
S e T Leak
24 = point
o P L~
> 4 L
L /
3 &
2| Test1 | o4
Test 2B Tim
1 i
1 2 3 4 5 6 7 8 9 10
X direction

T2 4. BHDHAHUAML MMuxIel SEXIN

Hi WS4y 28 UE

damage |[total leaching]| leaching time

type amount {(hour)
Test 1 pin hole 7.5L . 9
A crack 7L 5.5

Test 2

B pin hole 8L 6

42 M| 2AE

AR Aol o3t A7|s 2] AT o uh
£ A71823 54 gofstr] fiste ArIs® A9
< FPodh A=A HL oA FHEEHE AY
Zre AA %3}7|(resistor) 2 X| &5t ARG o R HH
g Aol ddstel AEge) Wstel whE e B}

=XESe=Ed Mi72 M=

rom

228

Reservoir

——» Geosynthetic sheet

Detection em
instaliation layer

Stainless steel
* electrode

# ———» Soil layer

a8 3. Y% DERE S8 A&l $EUE HHT

A B C D

//’5'=

a8 5 MyERe 7

sheith. o2 $iol 7k, ARR 2 s} HAS ths)

3 A TAH A AAE AFARE k] B
AT MM FEUAN LYY 2L FHE D=
£ 3tqck WA 2go] Hx) ghe Avhe BE o
A 79} AR Agre) BEE Btk s =
£ mAAe] M9 Hahe A, 7z, A= A4
& 7} Sy Aelstel 24700 Adste] BE wAH
oA AYGEE ZHHAT 1 Fof ol 24 2@ o]
gelEe] 3 27 Aol A SHHE AL A}
sle] 1-A9) A3E QOR B A9, 3B AP
S1QO 2 BHE o] 3l AR A APgE &
Ntk £8 T QYA REo] Aol T A
Aapgke] Ao s 292 BAjsl] 915t 2



35

3.0 Max.

2.5

Measured Resistance(kQ)

Total Data No.= _921

i 1 2 3 4 5 & 7 8 8 10 11 12
Test No.

J8 6. =Xl %2 xitf et MY Z-U

oo
oSSR
oSS
o Saseatass
SIS
5SS

(X

Measured Conductance (mS)
o
&

0 /‘\; 5 A
=
AN
e OSRE \\\ ! SRR
JeSTes e’
S L, NPt =
= "‘Q‘\“ Q“‘“xg*{{’?’;i&::o:a::::s" =
= SOOI R
CERSEXEIECIRIIIIITT ™ oS
RENSRSEIIS
SO
>

I8 8. T XF HESs & WHA WIHER 2

= 51kQ, 5D 20k2.0 2 uRF o] haiME 248}
pid

5. 43 ¥ 2N

5.1 HZERSAIE dut

5.1.1 2954 &2 A9 AAR SA%

AE,E Q=R &2 248t 54 £ Y=
el HHAE metsly] et AukE 243l w2 A
AAEE 37] o] FAT MRSl dE £42
2Pt e A=A k2 AHoA AdE ST
Avhe 3% 63} Atk I¥ 60 AAE e 2EE
9| g WA M| Aol ZAT Aot 2F=d
9] go] WSt Ho-et sieite A& e W
A @ AR FY £ Yu FEAHANS SE3]
He| Fojzl A HoflA ST FE& FeT Aol o
71M, A& fYol e Bl 5389 Ade=
1.51kQ~2.86kQ ] FeloflA FHHHUSH, B

o

ms)

oS e e
SR ERES IS
SRS EEEIININS
SIS
OSSR SO es
< SRS o
S

SEERREN
fotetesteaiies

R
R
S ST SIS Sy
RIS
5 0\53‘::“\“:‘::‘\\“\&‘:‘&’::
SERSIRS, s
S S S S I S 0SS 335
et e
?‘::‘:‘\‘:‘yt«so‘:‘:‘s:&:&
o Sheesy S <

RIS
eSSt e et
s
“«:“:“‘t‘::::::::::“’“ A
SRS
3

J2 7. y&s £ Uy Mo My|HER 22X

577

..«'z::""bt

Measureed Conductance (mS)
o
L3

%
“7 =
T CQSSS
0] S NN Ss
S T RN ESeesss
RS SREhs e
. IS 7 = SR
R A RS
I I R
> I
b RN
RNy RIS
"a%;a ‘3}&3&‘:&:&‘“« oS
£ N -_,,»f

a8 9. £ XFUA SAlof 20| LUME 22 HIMEzo X

20408 ER QL) WE4-0] go] WASA gL
Aol 248 AYgLolA 9] ek Xty oY=
U} gheule) BRaAE SAMMC) AN 93
o ol WSk Aoz wagt

512 AEFA U FE2AAE 97t

Y 72 &5 FEo| HAS] Mo APRA A
Aol that A 7] %= E(electrical conductance) 4712l
BEILE Bzt A& A/ATE d2A717 o
2ol Wa%ol FEAHN HIpeak7t BASHES
B3] Astel A7NYY del WIHEES B
stk 1007)e] SHAAAAN EHE AP 151k
(=0.66mS)~2.02kQ(=0.50mS) 2] HHE YERHITE

A& F2o] WA ALY AVHEE EXE
a9 8, 99 EABIHCE DAXHAA go] AT
A9-0 AZ|HAEE EEE B9l 19 894 (3m, 3m)X]
oA 0.94kQ(=1.06mS)2] AgghS UehleH, o]
= 2 2 Ho) v]F] 2A F2 Fho| 2R FEo] B
Ao 2 HAd 4= Q. B3 F XG4 FAl| &

HIIME SIS 0IRF QUSE SEAXAIAHS I | HELEAEE S& WEX0 B84 b 229



o] WA A0 AY|AEE B¥el 1Y 99 oJohwl
o] sk AR WEElE (Im, 3m)X| AT} (Sm, 2m)
e A7\ Agro] 2HzF 0.99kQ(=1.01mS)T} 1.08kY(=
0.93mS)0.8 745 gth

a9 8, 99 W&o FEo] WA Aow Bt
B A7) dEEe) a8 Holk Xy £U 2l
ool ArlAEEgtel 24 248 AL B} 1
2 sol4] ol WE4E 73 Aol ohat A B2
2 EAo] ols) Ureb Bk wehEn), A7) 5|2
Eajo] e Al Fol AE Rolch. T, W5
= falo] ols) WS A/ AEES] S5, & 2 A
Hol 4aE 2A0 felA AAAYLAS) ATE A
240 o8t AIIAEES] 27t B& A7\AFAe)

Y direction (m)

1 L

6 1 2 3 4 s 6 7 & 8 10 1
X direction (m)

(a) EU0l st FEXIF =3

B o) 7hsd R WA o] 24
2173 ZAole Rer} g o2 Buwtt
Y 10, 1 S EFAA 2NN 248 ghof ol
&4 FEAEY 2% A4 24 2dHE H
@ agelth 17 10, 119] ()% 53 go=NH
28 FENINGS Uerigols, () A4 4
59 AE N AAY B2 TS BN Rolth
ol Lol $AH AL ©HTA| BAto] GRS
Z W2 7 Aol o3 $2E BESE A4 B
NN +HYFOE HAWA AL YE5| o
2ol 24 oduie) BuH BEE 44w AT 2
w9] BAglo] T2l TRstgTh. HANYNA ol
MR A9 E AFoNA SO rdo] WY B

m,
10
9
8
S 7
ge
[l
£ 5
> 4
3
2
1 Jam

12 3 4 5 6 7 8 9 10
X direction

(b) &xl &S 20

a3 10. FYH A& SEXNY A A&, Y02 Hu(TRXY £5)

Y direction {m)

o 1 2 3 4 5 8 7 8 8 10 11
X direction (m)

(a) S0 28t £EXIH2 FF

-
(]

»

Y direction
N W h OO O N © O

\ § T

1.2 3 45 6 7 8 9 10
X direction

{b) #d &+ 28

-

a8 1. FYd & FEXHY UM HEs 2809 HW(F XIFY Al £8)

230 &E=XEEsE=2d H1T7H M6



o Tt AFATNA FEFAALH I S
c2Re 248 A& FF ASAYR AF) F&
o] =2z Ao| Aol Ax|stgch £ A 0] wad
diel BAglel BE W&o FEXH FA7} b
e & 4 otk ol £ Nawle] Ao HANE
ol g% A IR0l ofjet H&e] EART ot
Aggro] Mok YYE o8 Holnz WE4Y §
de BYHF s Aol 7Msd Aotk

5.13 FEAS WE Agge] W3

o] A&Hol wet WE40) $EA AT 1 W)
Ao} Ak WEATS 1Y 120] EASC
29 126] ofshel rZol WA AR F WA F
AZE ool A& FEAHNMY A Fart
ot Uehty] hEe] Ba4 rE B 2719 ¢
22)99) A7} FHs e Uehdch B3 wEo] 32
017t ol FIHRE 23] AL 360477 of
Qe FEAde ARG A% AA ZH=glow,
1 9]9) Aol A HASHE 2 A Holx)
Sk 2, ASAY HERNE Bo BESY Eo)
wstel A&ETE B4 A2 A0l
2eHeE Al ofn] +28 AE5Y JFoR
qI3tel ARgEe] vt 23 ASHE A L % 9
o} whebd 2 AARE $8ote] e FEUA B
g ohjzt WE4 o] Yt 2AE M5 d 02
o,

6 detection point
—8—reference

Measured Resistance (k<)

|
05 '
| \eaching finished
00 L »
0 1 10 100 1000
Time (hour)

33 12. HE+ FEA WE SN2 Wst

-

HIIME EZIIYE 0i88

52 M7|3|2H SYEN

713 2AH Y A oEe] & 2~59 2Tk #
2004 AAl IMRO] Aol didt S4ho] 365~362ke
A=2 A FAEUC E3F FE 3~504 #o] 2}
2 oz vkl AHo] X she &3 9 B¢ ARA
7} 3 WolAl= @4 BTk & X 3, 40014 & A
ol Aol thE NHRT A2 A3e] 42" B
I A FAHS AA AR g visA &
AEG ot Ago] AaE AHT AT dAgel 4
gt 2249] EAgkol o2 A S His) o 22 g
2 A5 AES Uil £33 & 504 3-BAE
o 5-DAY) 2he ARY 2 AFT Aol
3-B, 5-D A& ZF38H= 3, 5, B, D Ao 42 &
o} AgEAgke] BF Aastgon, 53] F 23
AFF2AN7F BAEE 3-D2F 5-B A @M= oE
ARG B & F2a0E et AFs 84
oz Aol ¥ Foz gol T2 Aol g,
B A AL 2 Ao ddd AFZe=E A
7ol 350l F47] il A SHA7F LA A7
gE =25 AA Y2 Aol A=

H71H2AEE ol de Aol ohd dA 2
AgofA Yehts RE2A-T FE8 FARelA 2
ke AZIRE=] F7had & Mg ot
gt Aol 7hssitt & A& FEXAEE U
AR vjaf 22 AgE 2 Hug I ] ARk
o] Zra3tA "k 23A =W 71824 "ol 3|
FEAFT YT AL EAsE Ao A
71N Frdgko] AA ARt F o gadte At
& HolA H7] vigol 19 8, 904 Kol viet 2ol
FEAA ol9fe] Ao A/HEET}t St &
1} 52 A7\ Age] Faste ARE UEA Eot
oF 22 AL A7|BZEAM o o3t AL B8t A
A7bed AR gdEnh

B A ATt ot A A i) 3t &
A7 FAT ] AAY AFgET A 54
Bl Aol qlon 3 B4 Ao AFpo] st

dadhe %S YehdS AT o 3ok wEbA, A
71312 84E F8to A W FEHY BT
W e 7hsg Aot

QAZE SELXIAIABS JHE: || HEZEARE SE e 284 8IF 231



2. 25 142l 22 ME ko)

A B C D E
1 360 358 356 356 356
2 362 361 357 360 358
3 358 356 355 356 355
4 362 360 357 357 358
5 360 360 357 358 359

H 3. 1-A%] HES k22 HRE 32 NEHKQ)

A B C D E
1 0.98 288 286 287 286
2 289 356 353 356 353
3 285 352 350 351 350
4 289 359 356 356 353
5 288 356 353 353 365

H 4. 2-Co MYE 51k Hhe AP M)

A B C D E
1 357 354 296 353 352
2 300 299 471 298 296
3 354 352 295 362 351
4 358 356 297 353 353
5 358 359 298 357 356

¥ 5. 3-B= 51kQ, 5-D= 20keE P H2 MEHKQ)

A B c D E
1 351 294 347 289 347
2 353 267 348 292 349
3 296 46.8 293 215 294
4 352 296 348 290 348
5 292 216 288 | 19.4 290
6. d 2

A AR wiXof g% A7IAY F4E o7
SUAAN L 287Fs4E B8] 3t -3
P AR PR AR AR A 2] SF7] ¥
3 A2 2AHE EYE d2 482 va3 Eh

+

Ol

-

(1) AApdo 2 AL vix|st 2 wabdel &4 AlA
£ At 2 AA o gt Ade SHG=H
AR A& w20 R} FE XY T B

9] rZo] WA

EERERERRESUE I e

232 SI=RAEESRI=RE W17 Mes

817 ke L AR e AutolA 2] W) HT &4
U ST A g derislont Ba4)
L A4S EAHAY A 2ARE T
14 Aggrol late] 27 sk A et
of Agzke] ZHof o3t WE40] FEUA7L 7}

e shelstat.
FEARNARE o] W24 fgos
A)5ke] Aggro] BaHE Ualg ol gate] At
AL 2Ast0] 22 PASHE 7ol
w2tA, FEAGe) A4t BRIt e
o BARO) FEAHE LA AR 4 AR
o, H24-2] FEo] WA 270 olo] 3t 2R

7 7hsshart.

3) BAEIAYNA FEAHT TS DA 9
)5 Aol A 2] ZRAPLS) e Z, AAAEE
o} Z7VA%e /8= ane 49 4 Yok
CHEENCER - BT R B B
G270 QlolMel W82 Eue BT
Azt A7) A3t 24 ZHEE A Yehg
cr T3 SR He] Aggro] ZAshA =, 7a
B 3ol QA TARATO] P X} 27
Zrol the A"l EAgRT A SR ok
WE7} o] e Bow B A 71U
o} A7l Eake] B4L Sato] @At H71A
3 23] et AL BAol s Aoz

OIrz\é_

@)

o = o

(4) &2 —BolA AT ANAT ZA7EE o180 -
SR A"0] WA BHHOoR HEE7] ¢
S AE ArIAEe] WabdaE A9
Apzeo] 3t M7\ AYY A EiF Sof diat &
7halel LS Fote] F2UANAY LA TS
e Aaspslr] S5t ware] ATt Wag Ao

PetEt) B3 Axpga) AL 7o) st A7)

24719 285l Thopst © A B A Tt

He4 Bt ol oAk, XS A ]

o5 %zmmw ze Pzl ML 7Hs

& Aow Azt

#AL] 2

£ dF= ‘gAY F Y 7t FF Ve
B2 AT AAEE Fol7] AT MY F A



ZAH7]€ 7 4 DB 7579 4@ 3y A7

2 grole), A7 o] B2 24 B e

He

AA71edTd AR £2E8A A=Y

—

&

ks
o
e

- BHE, 27 Eh (2000), “HH¥RS) FES 4 AR v

BAAN2E 28, EE, A48, A1Z, pp.56~63.

- o)A, A, 871 (1999), “oiHA B¢ V1A AEEA 5

el #% 47, =P EHEEA, A, A3, pp8sS~%K.

. A5 (1998), AeFeHF S, EAER F1.
. Colucei, P. and Lavagnolo, M. C. (1995), “Three years field experience

in electrical control of synthetic landfill liners”, Proceedings Sardinia
’95, 5th International Landfill Symposium, pp.437~452.

‘5. Darilek, G. T., Corapcioglu, M: Y., and Yeung, A. T. (1996),

“Sealing leaks in geomembrane liners using electrophoresis”, Jownal
of Environmertal Engineering, Vol.122, No.6, pp.540~544.

. Darilek, G. T., Laine, D. L., and Parra, J. O. (1989), “The electrical leak

location method for geomembrane liners-development and applications”,
Industrial Fabrics Association International Geosynthetics *89 Conference,
San Diego, CA, pp.437~452. :

. Frangos, W. (1997), “Electrical detection of leaks in lined waste

MIIME SHIIHE 018et QESE TELAAILES g || SZISEAIES S8 RN NEH EHt

10.

11.

12.

disposal ponds”, Geophysics, Vol.62, No.6, pp.1737~1744.

. Hix, K. (1998), “Leak detection for landfill liners-Overview of

tools for vadose zone monitoring”, Technology status report, U.S.EPA.

. Laine, D. L. and Darilek, G. T.(1993), “Locating leaks in geomembrane

liners of landfills covered with a protective soil”, Geosynthetics ’ 93
Vancouber, Canada, pp.1403~1412.

Laine, D. L. and Miklas, M. P. Jr (1988), “Detection and location
of leaks in geomembrane liners using an elecrical method: case
histories” Proc. of the 10th National Conference Superfund ' 89,
Washington D.C., pp.35~40.

Oh, M. H. and Park, J. B. (2000), “Laboratory tests for the
development of the contaminant leakage detection system in soil”,
Proceeding of GeoEng 2000, International Conference on Geotechnical
& Geological Engineering, Melbourne, Australia, Vol.2, p.286.
US.EPA (1988), Must for USTs-A summary of the new regulations for
the underground storage tank systems, EPA/530/ UST-88/008,
Office of Underground Storage Tanks, U.S. Environmental Protection
Agency, Washington, DC.

. Yeung, A. T., Darilek, G. T., and Corapcioglu, M. Y. .(1997),

“Electrophoresis: Innovative technique to repair leaking impound-
ments”, Proceeding of the Conference Geotechnical Special Publication
No.71, Mineapolis, Minnesota, pp.560~573.

(A5YA 2001, 10. 8, HAREEY 2001. 12. 16)

233

0
!



