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Appﬁéation of Electrical and Small-Loop EM survey to the Identification
of the Leachate at a Waste Landfill in Jeju Island

Sung-Ho Song”, Hwan-Ho Yong", Jung-Gi An? and Gee-Pyo Kim?®

2 9: w2 g

2f7mfgde] des v ¥9NE

A3 =eHAbES

=

AETY A/NAEEE qez 3 drfgrpgo] F

2 AEH0] gtk o] Aol ATl AT vulFRA e e HA7HAT FAle Bl e AN

RZ=I2w

EYES 58 Az 2

ohgel eANge) A ASE K HBE FYa7] A3k

G ELHOR FYH] Asle] EFAGE ol8W 2T AAYAE FYsjglon,
AErol s ols) Wy
9 SA ANAT B 8 AR BUEY A3 g TR FE AFF) rE e A9 Qe

>~

5 Q= AaasE Uy

Ao

Uelow], ol Ful shdolA H/1A 0% MAIS S B4 Adel AART B 2YRZ ARG A sl

30 BHE 2Rk e A8 A wigg AAe] 91X 9 algg e

BHE AR w3 & 5 AT
FR0| : 27 HFR, AEr, AFE,

A

yEl g AnAE o

WA P, ARG Y, 2BFE A4}

Abstract : Among the various geophysical approaches to identify the leakage of leachate with conductivity variation,
conventional electrical resistivity survey has been mainly used at waste landfill. We adopted small-loop electromagnetic
(EM) survey using multi-frequencies in parallel with electrical resistivity survey to delincate the leakage of leachate
through the shallow soil layer at a waste landfill in Jeju Island, and also with self-potential monitoring to detect the
streaming potential produced by the movement of leachate. There were no evidences of leakage from waste landfill
according to the results of the electrical resistivity survey and SP monitoring, and it was also true from the results of
water quality analysis at stream around waste landfill periodically. On the other hand, the results of one-dimensional

inversion of spatially-filtered small-loop EM survey data showed the anomalous zone of low resistivity with depth both
around and inner waste landfill.

Keywords : waste landfill, leachate, Jeju Island, electrical resistivity survey, self-potential monitoring, small-loop

electromagnetic survey
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Fig. 1. Location map of the waste landfill at the northern part of
the Jeju Island.
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Fig. 2. Geological map (a) and geological section (b) using logging data at public wells near the waste landfill. (Abbr., PAB-1: Porphyritic
Augite Basait I, FB-I: Feldspar basalt 1, FB-II: Feldspar basalt II, C: Cinder cone)
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Fig. 3. Location (a) and hillshade (b) map of the electrical resistivity survey lines. Each arrows mean the direction of survey.
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Fig. 4. The inversion results of both modified pole-pole array (a) and Schlumberger array (b) electrical resistivity survey at each lines.
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(b)

Fig. 5. The fence diagram with inversion results of both modified pole-pole array {a) and Schlumberger array (b) electrical resistivity survey

at each lines.

o] Agel AL X557 A% 8 oF 120m FGolYde 7ok
& of}, ARolx Vel 40 ohm-m W $}9] w2 vz gle

Zpd) A% W2 ArAeE 27le] Fgo 2 Aky) of
A 3R AR g L1 3419 79 40~80 ohm-m2)
B vjA g ko] wigE Fle] ey, ol vigAE
F5eE 70 gREr) L1 4088 oF 50m SRR
o H3sHA) wigd 129 L-3 S E ]2} 3 AulAai
7t 5 AR Uxlel R, 58] 21~26 23 FHL Ao
AXNE SHo T N Hpol 9 x3le] FFo g ARH A,

v}

o]
L8
=

h

-~ \Water tabte
3 #  Public wells “
J ——— SP survey lines [/
=7

AV [

8~11 34 F82 A2 o] A &3l ot A
#ale] IR el gigt S L FAPE a7d
e L3 e sRY oF 100m ol Sl tigh L4
ZMe] Asjelis AReA] Yehd Falgh AniAsie] o
o] JeRIA] ekl we} v Eof ot 2] dge
U Ao Aot} o 7he A SHER s
o g ujdEt L-59f L-6 241e] g} Axjo] olshd wigR]
Fof] R)e F 49 AR FNA 40 ohm-m V9]¢
whe v} el wel Ao R EE 129 L

Fig. 6. Location map of self-potential survey with groundwater level with 20 m spacing.



148 $435 - 885 - Ad57] - AR

3 40 siME A3 edEE & 7 Sk

Fig. 4(bye HPE d=Suge] T 400 disie] A=)
EHE edA Mg bl 4% AAE siMe 24
gaoE 94X MY S8 YA Fet FARBIAI, o]
WEH L AFe] F%AHAE 7P wiEd L7 349 3
A A= 40 ohm-m ]3] ABIAF7} A= 4w
o yepdch

Fig. 52 W€ $9 Ao g 33 A7)
Asle} ARl oo FHARI QAL aFAHoR =
ok31a17} fence diagram®.2 =AIE 22, wlgd UF-o} &}
7 AR L7} L1 3490%1¢] 9F 40 ohm-m ©] &) AH]
A7} sk S4% L29) L3 SA6X F 22 vy
A& Fgol FRH vEldE & & k. 53] 2= §
Zd) vehd ol 3l Al W AAHY, 9%0F g
e o)l =28 wE 92EE EHE RaFE. o)
HHAQ ol F AT A= AR 55 49
o] sj4o] 7FEskA gL, W&ol Yehe ojAtle] 4= X
3 R FEAE 72 Aol Brbsdel ot &5 AFz
Al 5] 3714 =AW} D asith wtEr),

w T |l T ) T T ¥
70
60
ol
P
155: 30
E 20
5 10
2 ok
104
20
30k .
40 PR DUV RIS MPEU NI RIS NI R
0 50 100 150 200 250 300 350 400
distance(meter)
120 ¥ T ¥ T f T T M ]
110
0
%0
80
70
£ w
8 %
.g 40
30
?A".
10
0
-10 o ] i

0 50 100 150 200 250 a0 %0 400
distance(meter)

XpiFI9] EfA}

QR eaAele) A% @9 ¥ FFe] 0] A
AsPAtare FelxApze BAs] A £¥ 2§45
Pz YRS BAV dore Naedl Sol A 45
4 sjoto] vl$ FasfTh ZAY FHo] ARG BN
200245 990) S8 XS 7122 Y SFAN=
£ Fig 69 SASU0) WA BAZOo 2 A5 #
o] vielde & 4 ghed), ol N1 sl YRk
AF7A A 53 BEE A7rFAN FAd TR
o3 2AEE AR oV #7H2 FHe ul A
wsle} tpE2A b 5 JeE2 @Y s} wiEs, 2002), 2
A AZMAG GAte] A3 FLE S sl Z+ 7
o 19 749 AAAN ZUEHHS AAsT

Fig. 7& ZARFIA Qolxd A9 ARE 71889990
& & A2 vebd ad=2, wjd@x] AT SP-1 4
9] B9 72+ FR0A 9 AAAAge] W3kt A2 1(Zig-
zag) FEIZ ERlEd), 0218 Ade @R ¢ 2o 28
719} Tekat Aol 29t FiFol QAN WgE Ao
A, Wiy A sl SP-1 Sz B3 wigd Sp-

100 T T T T

B

ol t\ (b)

T ™ T T

potential(mV)

i i i

0 50 100 150 200 250 300 350 400
distance(meter)

potential(mV)

20 I i .
0 50 100 150 200 250 300 350 400

distance(meter)

Fig. 7. SP profiles at each survey lines with total field of SP. SP data at each lines were monitored during 24 hours. (a) SP-1 (b) SP-2 (c)

SP-3 (d) SP4



149

LEGEND
| @ Public wells Y
| — BJSUWEV fines |.o 4

\Waste Langf , '

Fig. 8. Location map of the small-loop electromagnetic survey lines with 2 m spacing. Each arrows mean the direction of survey.

28} SP-3 &40 A%+ AvkgoE 10~50mV HH WA
ARk Hert dep AT, 24 9280 AFR 24
AN & 9] o7t Zt 2 Ve E=R ol AT ¥4
H A|ekre] B89 o3 FuAGe njg) Ao 55 A
ol FREA Yehhe 4o BaEr o] vl Wiy
78 g Holnl Sp4 34| A FRE Age BAF
A B, 200m AFNM F (9] 17 YeRREH, ole
S Sl 4Xd A geleld] 9o Yehte gl
o o g Ao} :

AY BT HRIELAL

durE oz wjyAe] AEse AR EWES ue g4
He A gong giFuey LAYFIT ARNEE F
B3l A2 23 HE(<10m) LEFSEL Hofslaxt &

FIZE o] &3 AT AAGAE FEAT "WAL 24
< WA E FAHOE JFH} 3FH 2 AARE e
gl A& 45 7FeAe $H8es Aotz a9
THFig. 8). HAIRALS] A9 ARp7|uho] ARaFulere)l 28} uf
el A7MAF ol e} F3 A% (skin depth)”} DEFR|A]
T, o) olgshe At 2FuGE AR w-S, AFuSs
= AR AFY W& e ER 5S-G E o)¢
ke 739 A gk And HAr|dExe] Wil i JRE
vhelgh 4= k.

FFA Q) g ARGA ARE 2}

Z¥=Z 10709 23

FE e g 72t kR oA E-S ol &3luEd, old
HFHE AE F AR 729 Fool g8 FH ez By
He T2 o)A & AAS] A8t median EIHE F
Ak 3 AEEE g WAz EXE Hets)
7] 93k AhF oz Mg SAE Ueie e 4
& 9L o] 85 134 Ik FEAT

Fig. 92 7} 24¥E o8 AHE =A% 28==
AFo il 20,010 Hzol ¥Hgo] 71 & whg A$4
= th9<l 330 Hz®) whgol 71 A eyttt o8 &4
oA B PR 5 M o) g Ee] AF o= A
e, o) & fyxE SR #F3ke &4 EM-
1, EM-7, EM-89- & wigel ol Exdsirt gle UF &
e AL o) Eo] FH o e FH3) Wy} Qe Y
g2} Aapyt Aot 2y B mjg A dEuske g A
2] P2 fPRE 2437 HEel, EM-2 349] 79+=
2] WRANE £l HelEe] AulFgoz 34 Yet
S fEgd Ui A$e dAAdezs 3305 thyel
14,850 Hz$} 20,010 HzollA A o2 o€ A7} et
=, o123 A= ujygE AR BAF 2 A2 B BES
3 Fae] HEA7t g ARl I BHE 9%
< Hkde o= wddn

Fig. 10& 7+ S 2 oA E A8 37+ BEH L 34
& F AR7] vAGS 73 A2, WP URY gk AA)

202 54 ohmm ©)31) ANAYOR LEhIR, ol @

“

=V

£ ol

e
=



150 $45 - 8835 - obFy

400000 3 100000 4

1-A7%

100000 5

EM4

0 1% 20 20 %

3

T T T T T T 5y T T 1) 1 T
0 50 100 150 200 250 300 360 400 450 5
Distance (m)

100 180 200 0 100 150 200

Fig. 9. Profiles of quadrature components using spatial filtering at each EM survey lines.

g

apparent resistivity (ohm-m)

apparent resistivity (ochm-m)

6 s 10 1m0 20 W0 0 40 40
distance (m}

Fig. 10. Profiles of apparent resistivity obtained from spatial filtered data for quadrature components at each EM survey lines.

L)

A19] o] A EANA UERE AF) o] AxER A&
7t vehte A7t 9X)8Th m3 v @ oA
EM-5 &40 tig €A} Asbe vigd il uigk 2@AF 2
e} g YB3 Aol YRR ghgol wet AR 3 oF
10m o] AFe] He= vggozie WA /b 1E
Fo] ol AY gl Aoz Addn. e old Z4h F
s ZR7] ARk X3t v g HElE A&stA wet
& IR AEE A7 GE AMe] fEiMe 9abd
£ ol g3jof St ol ule} of °ﬂ~?°ﬂ Me T2 ZEEE o
£3} iia]:a o FdE A5 AR (2002)71 AAIE ﬁé
23} AFe 713 13 QS Zﬂ.ﬁ—s}oﬂ gy FH g

el EHo}@l AREE A7MAYe B 4 Eas}

SRt
Fae

ATt
Fig. 112 12191 g2 E o] 83t Aejd ARE o83l
7t ZXER EAS A9E, ol AR Fo TEE vWEd

o] BEZ FA # gAY ]-4 $5A7] 74 7-]a] =9 77
3] 0.5m, 20m, 50m % 6.6m Hole] F ;}1: YL
7Pttt Mg SIH-E MR 7&;] = EM-1 &

Ao A% ARE ¢ 2chmmolH FEZ BFE 0305
ohm-m= WoplE ZE BeAFEd), & @] whr}
% 25m% & AU WHES) Pl /P A et
£ 7o waddnt Wyl R £49 EM7, EM-8
242 ALE ikl o3 AR ATEeA] HAHoz
10 ohm-m W 2)2] A7]8jRgo] Ueldel el AE4e] d3



AFE 2719 BEF 28 AT W) 2 SYFE BB 4 151
10000 5 10000 4
EM-1 EM-4
10004 . 1000 ’ 4
s 3 F - s
g i Sy bt I3 7 F ® u
L 100 ""q. T3 3 § 100 4 u W é' - Y
W v [T 7 z %’!* Ay 1-‘ Yy ha H '
. e “y % TV WA e, Y 'm';
bty 4 i o] o, WTewat Y T
4 vy v ve
R e il A
. | ’ e
£ 14 . _gg m e S ""v"v,&m{,‘:ﬁw'“w T £ 1 v“
v B86m ~ ,"w'""',,v,vn",.’ww' "
3] T T T T T 1 01 v r r T T T T 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400
station (m) station {m)
10000 - 10000
. EM-7 EM-8
1000 4 A 1000 4
= ] 4 .
g ¥ T y g
E 3 L] ‘5.."5'! 8 g‘ “‘l < "9 w ) 1
% i : wEn e g " % ,:l'll'"v“lx‘“ v s " "@l":
4 ] . ; g’ e lmwu! [ W -
0 : ,,.:u o un. ”'"w‘!mi’“m g of S n‘”’”'":n'-v KSR
Yo, o,
01 T T T ) 01 r y T ,
0 50 100 180 200 o 50 100 150 200
station (m) station (m)

Fig. 11. Profiles of inverted resistivity at 0.5 m, 2.0 m, and 6.6 m obtained from one-dimensional inversion.
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