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Development of Contaminant Leakage Detection System Using Electrical

Resistance Measurement:
I. Variations of Electrical Properties of Subsurface due to Contaminants

LR Oh, Myoung-Hak LI Park, Jun-Boum
2 9 A° Kim, Young-Jin T A 9" Hong, Sung-Wan
o] & ¥ Lee, Yong-Hun

Abstract

The concept that the electrical properties of subsurface material can be affected by the introduction of contaminants
might be applicable for developing the leakage detection system for petroleum hydrocarbons of underground storage
tanks and leachate coming from landfill. Investigations were conducted with diesel, NaCl solution, and leachate by
laboratory tests. Simulation test was performed leaking at a certain point in the field. The measured resistance was
exponentially decreased as the water content of uncontaminated unsaturated sand was increased. The resistance of soil
was increased by diesel but decreased by NaCl solution or leachate. The optimum electrode spacings were found for
NaCl solution, leachate and diesel. Electrolytic solutions were better detected by wider spacing than non electrolytic

solution.
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1.1 94324 A

ARt J2 ZAPE oY HZHet Aol o2
of ZAIE Uetll= §40] Sl7] tiZe] 2 A& R7je
A3z Aol wje- sttt Aut L AEH-L Q17
2=l Pt A7 4] G AL E= T3l 93]
ARte 2 A%, FU=o EST AsteE 29A71A
Ho. EGH AotrE L EAZ = S A H Y
FTHe Fd] gou 34 HedYyd viyedde
2 72 JEH9 o JYS Hk(Septic Tank
System), X|5}4 2} €43 (Underground Storage Tanks), -$
3l|#] 7] & %] -4 (Hazardous Waste Sites), 1 3 *](Landfills),
A F A 75X (Surface Impoundments), #H|F(Abandoned
Wells) 52 & &= §loH, H|IH e gdedoa: 52
oF Agdu] Fol ATHEEA, 2000). H LG F -9
= AL G Y7t AFEEZR o] gt 2|43
A BUEHS §3t LHEHL 7ol AT HS *
E2719) F2o7 AHE A olF A143] A
SrhA Z|ete] ool of%t s 48t 4= Qlrk

5T 7132 dg BT Rk o9
ZAlE ARE HFste] AN E4she vy
o] AxkHolct. WA AHE ARE BH2A T 1)
ol ol A4, eukste] AR 47|72 Eofol
U xjaiee] @RS Frksk Flo] BEolch U
ARE AF, 249k A%ste Y Foll EF] e 2
Q=S WAL 4 7, ARE e B ol3pe
dS 9o 7Hs/do] EAFTHOkoye et al., 1995; Kaya
and Fang, 1997; Yeung and Akhtar, 1997). =31 A|2& X
Fste] EAsh= W2 Alto] Wol AR E T A7t

£ A& ZYE o] E7Fsd TS 7H) 1 9)
o} FZol= St E48ks S B3 w8
& A= ARt ZAE H43817] Ysto] El9A7IH
A A7IR|AFEARY E2EAAIR 7 A78AY &3
71e= FHA FBHEE AUledE A 283}
7] 1% A47F Bol Y=k ANke gL Fof v|A
FEAN & £oh LG E gl F3F =
9] M7|H Ad4o] ¥sty] W&ol M7|u|Aggte] 2o
of olgte] LAHE B 4= UHEZ™ 5, 1998;
S£7 5, 1998; Campanella and Weemees, 1990; Okoye
et al,, 1995). o& WL At Yol EAet= A=A

216 S=AEEEE =R H17A R6=

240 9% 2Grhe] o] ATHY How LA
o, SABAY & AL AT Ak AL
AU 2o P A&He BERE Sse o
L Hg3p] ol wetd, MP A A stAgE e}
2o WA 2499 & diste] A& BUEo)
7F5 3 F 2 AN 299} Ato] 2 FETHO and Park,
2000).

1.2 A3 55

2 ATE 0BG s A H71H SAol
Halth: Yelg olgstel thYAY AESU ASHA
Y2 §5 3L 2710 GAoke A2 A
317 943} SEch £ =Rl E o)A 24
stol L @AY &l T PAZFHE Bkt
A Bhgick. o1& 9io) WA SHFFBHES] 4u] Ak
02 H7AY HYZY WSS SEshdth B
NaCl §, H&, o] A7 HEEet HoluIARS
oz Ptk Awe] 2@BYe] rEEE
RS BARE ARATE SAstel, £ S B4
o W W71 ZPgke] WIPAL Trorst, 0.9
299 Ao EHY SHAAL AINAE £

33t

AE 4] LA Qo] o) WAsh= HFE= Al 7F
Ao Ak R, AfHAs B2 2t
Z2F 8%t 324 =Hed o]g A (electronic/
ohmic conduction)z} St} o] AL F 2 T4o)A HAY
ok EA, AR Aslkeol] E3E oo o5 Mg
E71% gt} o] 252 Folu ot 9] dAd 1S
Eto] olEstAl Hed olE A A E(electrolytic
conduction)2} gtct. AAY, 8744 E(dielectric conduction)7}
Utk ol AFARZE AL gAY A e A=A
SRR wiAL HAA oA HAYgIct 2] H o] WB)s)
= A71% o] -3t PR A= Fof ti3iA] m
ARt Mg dovle=r), oleh 2 (HAske} (-)H3te]
A A0 HskE B3 fHETol sk F,
Wi A7) ARFFz oA A" gRtel F7134
Hils ARARTE & 5 Qe 2 Y] LAsH

o} 28, AR oS dAE YA A
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(1)

(2) (3)

QO Soil Clusters
Y/ /A Solution

— Current Path

33 1. Z3oA el M3 EEZZ(Smith and Arulanandan, 1981)
el ZEo] sk AL oAy &, 1987,

Robinson and Coruh, 1988).

ko] A7) A% 4L SRAST YA}, Be o
AojlA F2 WSt HAAEL; A|d=
A Byt AeH A= Aol o3 dRAt &
BRAST AE Atolo] Hsho o]F-2 AMsREHINh-g-of
9|3 4] HrAHFHHCampanella and Weemees, 1990). A=
L zHE ANte s AdH Hige Z3HE AHE ollA
I8 13 2 Al 7HA] A2E B3t 324 9ot (1)
3ot & YRS A%FHoR AZAE 2 Q) F
dA7L M= ddEo olR = A=, 3) &F =
Thojl 28] FdE= % Zo]tKSmith and Arulanandan,
1981). AHRE ZHo] AL & YAE B3 ARY olF
< 2ol ) A EE AR visl wif- ez
FAE 4 ok wabs, 2Rt M o] A7 ZH 3ol
Al 7t ARA R FolA <ol g8 A== AR

S B USRS By |
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a8 2. SATHES UTEEIM -

£ 1929} 2T /|REHL B 13} Pt Aol ALE
8 SAESEL EURBUA UEEES} 2L 27
W= ERET. 0 Qu] e HTeaE 258
(tap water)& A8} T, o] 550 gt Far] A
ol ¥, B4 L oto] AFEE 1% % 10%2] NaCl
o2 zA|alo] ATk AR o JE2 Ao 3t -
2UAEE B st HIHEA 2PEA o
AT} AEA PGB A2 g3t 2AES B7}
Stk AL 998 2R 1 FNHEH 25
£ CollH Co7tA| 2] B E Ptk SRE 54
7183} 7| gos FRED B AgeA: £47
g OAe AT AE4E AP B2
2 AAAR $UFE AEAE A 2
2] e w29 Pk

O T

E 1 37EgEe| 22y =4

Ax AR o3t a1/t XujAo 2 thefdch Soil Weathered granite soil
Specific gravity 2.63
- Organic Content 1.97 %
AlSq al J
3. dEdE R 4d Coefficient of Curvature, Ce 1.4
Coefficient of Uniformity, C, 8.4
3.1 ME"xE Unified Soil Classification System SW
Maximum dry unit weight 1.97 t/m?
AF o) AFLE B FEstEo|y, B9 QruEE Optimum Moisture Content 9.5 %
B 2 AEMX EHE+ HE (BHR, 2000)
(9 - mg/e)
BOD | CODumn | CODgr | T-N | T-P |NH3—N|[SS | TS CI~ Cu Cd Pb As cr®* | Hg Zn
34 {1,484 928 3,477 (1,602|10.90| 1,529 | 94 |11,790| 3,617 | 0.064 | N.D. | N.D. | N.D. [0.044 | N.D. | 0.602
A4 12,976 | 1,171 | 5,291 [2,148|16.59| 2,018 {296|16,360|5,177 |1.065|0.173[0.213| N.D. |0.160| N.D. | 2.152
B (2,145 1,042 | 4,457 11,964 |13.13| 1,814 |189|13,620| 4,313 |0.202|0.018|0.046 | N.D. |0.103 | N.D. | 1.303
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3.2 AUy

golo] ArIAEES} H7HAEe 271 EEA(Orion
550A)2 AR&3te] ASTM D1125-91¢] ol8l] =A31%
t} A7|AEE A A= 0.01uS/cm ~300uS/cm HE
o e WIHEEE 2k S8 SHT 4 gk A%
2= K=0.12] ZA4(Orion 2-Electrode Cell)@} 10uS/c
m~2000mS/em ¥$19] I AEEE ZHY & =4
Ara= K=0.4752] ZAAl(Orion DuraProbe 4-Electrode Cell)
& Argalith K=0.19) 3L o] g3kl Holes
(deionized water)9} T o] AV|HA=EE S,
K=0.475 AL 0|83} % E(tap water), NaCl &Y,
A& AT E S48 VA=
L 259 Zvto) A7 P ] ol FHA &Y
o] 2l 25:1TE SRS thSawyer et al, 1994;
Abu-Hassanein et al.,, 1996).

A7|eAL 7igolA ZE7] X718 A 3 apparent
resistivity)- 2 R|9ko] @3 et 7Hste] =& H
oAt} AM7|u|Ag A= AT RS &4l
ute} ol Bzt A3t A& AR A7MAR A
2o i3t JARS B3 EA41 ot AR 22 HHE
Feje] AV uAY EE=E =& HHRE 5
1999; £3-% 5, 2000). 13, 2AEHC] Aol
FRH0Z FYP=E A A LB st
2323} A7} EitkBinley et al., 1996). E3F S
Fo] Adtyof] HzjEle] NAEE FEHAA LA
g3l Afole A7HIAG BAZIHET 2ol SA
off upgt MIFE& ol F At EAsk= Ao] GolshA] &
t}. weba], B dro e RE2AA A A" dAE 5

(a) WIZIX] 3242 SYH=

Cortar rant pipelie

Q

A
=

Bl = 7o) AToz THH SHANZ A7)
Fe BAst] AHte R fRlElE LFEAY AR
Boretnat shoich.

5 AR9) AL 2] skl 13 3@t
Zro] 1.2cm Z0]o] Ag|olE]lA AE(stainless steel) F
717} 1.5em, 3.5cm, 5.5cm, 7.5cme] 7HE& e Wl ¥
F9] 2343 AFstget. AR i A7AR
272 dRe 580 AL £7 G FE2 2 2em
x14ecmx12.5cm(h) 272 AAA SetAE Aol %
g3 2ne BEle vt 289 REsES
93 2.5kg®] 32 200m FololA 253 YBHAA T
< AAEETE U WY 2 AR BE B9 Al
2o gistel v 229 ZYAZE 27 Foll AAsD
DC power supply(HP E3612A)2 Htdt AF9 &
2galgick 248 AUV AFmAIS 3ES S(Ohm)
of W20l o) AIUMAE Avstgich B
w230 AR WekE vwsh] A AFPS A
A LG EHo] AR R o] YTz FFS HA
ato] 19 3(b)e} 42 W o R £gch rHlE
waol YR Alzel 4TS ARl 27] AWIE
Z243}151, EAAT] S4lol wzler 2 HEE 50ml
Q3 & A 29| AYS AU B dFolAE
AT FakeE 1%, 5%, 10%2] NaCl-g-l, 7 Zo)
HolH AAT Adwol Hstol L@BRL el
o AP ZHAL 2URT Ao WekE v
Fate] @ GEA AR gigt VIR =E B8tk

j

Mo oot fr

DC power supp'y

Vologe  Current

$§>o ooa

Fiectric wire
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4. 1t H 2H
4.1 899 HI1H |4

A7\ HREZAE AFEste] 43 8] V| AEE
o} A7 AL ko] & 33} 2l e Q=] g 3t
252 AMLE EE(tap water)d] 732 70@m(=0.14mS
fem) A%0] A71H7|8| AL defolch B3 9
3 UHlk(natural water)2] A 78] A 32 20 ~2009m
2 A =] Qlong £EES o]gdte] LFER] &
2 URkARl 2R ARSSE AL AR Aer
93t = THEEA, 1999). ol 240] HPofli= o]
o] 72| &AtA] k7] WiEof ¢ F2 A/ HEEE
et gich NaCl §-949] 730l NaCl £942] 5=
7F 1% 10%2 ARof utet A7 M =T v]2)3}e]
Z7Pke A% Jehld, A7HAL g she
73S e St ol Siatel o] 9] ool F715t
of wtet xte 4 Z3}e] o] F71E7] wjEo]
o} whebr], o] 2AE 9 FLolE o]29 sk dgt
AFA W7t 71sscHSawyer et al., 1994).

)& ] AL 0.01~300uS/cm 2] H Yol A & 153
ANAEE AEe 4o Brhsdtgon, ok
9] H7|HEZ7}0.01pS/em BT} 2k, Z A 7] o]
1,000,0000m o]l HAEAY EAYS FE2TL = %
ot oA oA Y7 A&, M7 AHF2 0.5
ome] 2k A7 u A Uehlglen, ol A& 4
B350 238 B2 oA EE 93t Aot} A&
9] A7|H|ALe Ao AMEH sEEOIY dukeo)
A7iu|Agge] v|gte w¢ 2o A7|H A A}

o oJst W& A7} e Vehct.

ol
AT

H 3. BYo MIIMETd MIIH[KE
Solution Electric(?rt]sc/(c)rr:]c)luctivity Electric(alglr:]iqe)sistivity
DI water 0.45x107° 22,515
Tap Water 0.14 70.44
NaCl 1% 17.71 0.565
NaCl 5% 75.87 0.132
NaCl 10% 133.77 0.075
Leachate 20.58 0.486
Diesel N.A. N.A.
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4.2 &4eH0f 2 MI[KEO| B}

Fo} WA ARG 1 2 9L FE A
K B0) JFL Loby] Slsto] Feule] Wsjo] w2
ol 74R) BEzEA 0] AlAfo] ofs) 2E Aagrel st
2 729 4o EASHET Tulh s%olstol s A
o AHE 277100 ofste] Z3o] Brbsatgon, B
1] 15% oAFOIAE A2 Thlo] ATk +4s)7]
of2i$i7] T 5~15% W) eulo] ostel 1
A3kg dehich 19 44 2E B30 s
of gzl BURE ARl ASEHOZ 7
sk FHE deiglch Sal, gt g
Boh 22 H 9ol Hule] wajo] et Hakgtel Wa
7} g 20, Haghenlnct 2 Aol Hamle) &
7ol wet A71AG 24k} Wept 28 2K e
AoR etk Qubdez AAEe] F9ot <
Ae] A4l th$ 7] tRo] F Y12 B3 A7)
20| QI .02 71 EHcH(Jackson, 1975; Abu-Hassanein
et al, 1996). ThebAl, R4 e] wistol nhE 7| Mol
At Q) FARRE Haken] DA )
of ZAfele 2ol o3t B&H ARsSARI B
S5i7] Yg o2 BekEh %, 19 59 2o| B
gl o] EAet B71E 2340 A4A
AFE o} ARe) 55E AT AREE) B
=5g 27 slo] Watel o EAE S7HIA A
o Aol 2A UehdthaY 5@). Teht 54 4
] oj4fo] Hjul Be] o] F7teto] HAZ ol 4 2t
47} A4 o sl o2 e AR AR A=
£ A 25 HmE Aol gash ek Sb)
A AREE A7 A=A 2] Zolol vlalshzs] 13
79 2l B A%l vt HHYLulo Srke
8%9l The A7} SRR} WAL Ao A4
el Hlatod, pul7h 22 %) AOE ZAS Ue}
ol HEsEe ZTES A WSS & & Atk

WI7HAol w2 S WSS Y, FUg
suloll tflod W7ol YeHT Aol 2A 2
HE|gom, ol Aol A Aze| olo] ujzialr]
glgolch et HIATHo] Yats Wl 34
2 Tl wslo] oha) o Wizt WekE v gl

B3} Ao} QAT A ol e A
3ke) dstol et SIARAE AN At Fulo]
et AsatrgEe Baue el AT 2e B
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2 80 S 80| 255
5 8 a  y=0.0336x"
8 60 o g | 5
g 2 R? = 0.9211
o 40 o 40
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Water content (%) Water content (%)
(a) Electrode spacing 1.5¢m (b) Electrode spacing 3.5cm
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Water content (%) Water content (%)
{c) Electrode spacing 5.5cm (d) Electrode spacing 7.5¢cm
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| Water @ Soil particle
Air ——— Current path

J8 5. g0l e MEHMT=FES HI

ANE EEsion, | 7 A3z st BE 4 (e TSt QT A4S sheieh Agutel g
8 AV Uehiholnt A ehiRs A0, g4l Z7tef tet d71A
Fgro] A4A 02 72T Uehih toit $7e)
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FUL LGEHA G2 AHoIME F=eulof

43 2559 9

e DEMEREEE DR EREL R
e Fh B ATAE 1340 ol 2w BE F
o H7| AR WekE dotr] Ystel 1%, 5%, 10%
FEO| NaCl §HOR 40|12 Aol ALSE B4F
siE o] HHEPLQ 0.5% FES Wo| ARE 4
o ¥ A71HEE S5 NaCl §o4] o
w2 Aagte] Weke 19 63 Yol Uehidth 154
o] NaCle] 527} obalel whek S Aakgtol 4y
£ A% BGh NaCl §949] H27} %8 Hol= A
A Aol 2A] HolAE RS ¢ 4 v, 1%HTh
o AXA =E A7 A} i Yxe L AL
18] 3R Yokh ol NaClit -8 o] 24| sk
o] 2 o @B Mo] &=} Xut Yol EAFHE 14
o ojste] AL SAEE ALE A7INT 24
o olste] 345 2QBAY AA s ey
FE Aol

39, NaCl §o49] F9of g oz ol §h
Bl HAgoh 2L 0.5%E Pl ARS HUs
o AN SARAOL, DA HHEY B2
ol7] wjge] H7Age S4e] B bsstair

O
L.

44 QUBH A FY MI7
2QER -z T ANHES WAL, 7

Qe AXe] HAo AINAL 2237 $5he]
0gBAe £ AR A|AYS HHHAT 1

E 4. Diesel Y ¥ &2 HIIMY

20
) —g&— electrode spacing 1.5cm
3 ---&-- electrode spacing 3.5cm ‘
15 %\\ --0---electrode spacing 5.5cm J
\.\\ - - - electrode spacing 7.5cm |

Resistance (kQ)

4 6 8
NaCl Concentration (%)

10 12

J2 6. 2= 0I25E 2

AIHE E 4, 5, 60 BT DAY AL wAEA
golo]7] Wge] o] FUoR Aste] H7IAAZL
£ Z715he A UEhhdth ol MAEA 22
gao] WEe) 5EL AUste] ARSEY FRES
271A1717] Whgolch. vhel NaCl §947 AE49) 59
e 39 F A7 ARe] 2A ALsHATE NaCl §
3 1247} FUE £ 74 o] 2Jste] 714
o] AasiA] Wek. AAL F4uY Frhaelw, A
£ ol 24 RY) F7lo|th BT AL Ze Al
&40t 22 2T oI NaCl §U3} 2 Yito]
2 golo] 2w 28 MW Bl Z71eA
ek, gul7t 37101 S9 AREE AR} T
AT 4), JJRAES THHT Yk 2G| &
AW oA BB 7] SHElo] TGl
Mk 2uke 4 Qe ole9] o] Z718 Bz
A7 A o] Fashs Aaks vehir.

atenlo] Z7to) o A7\ ARY) HAETe} o
Bl Z7to) o WA AAYES Bt
skl EUT 2B $EE S0mIS AT AL
oF A& S0mIS £ 490 R A NYLS

Measured resistance (k@)
Electrode spacing Initial water content 8.5% Initial water content 10% Initial water content 13%
(cm) Initial Diesel 50ml Initial Diesel 50ml Initail Diesel 50ml
(Ri) injection (R¢) (R) injection (Ry) (R} injection (Ry)
1.5 13.81 46.03 7.67 27.60 4.93 23.00
3.5 17.26 34.53 11.50 17.26 5.31 15.34
5.5 19.73 23.03 13.80 19.71 6.91 11.51
7.5 27.62 34.55 17.25 19.73 8.12 13.81
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E 5. NaCl 8% F MZ g2 MIINE

Measured resistance (k@)
Electrode Initial water content 5% Initial water content 9.5%
Sp(gﬁ:?g Initial After 50ml injection (Ry) Initial After 50ml injection (R
(R) 1% NaCl | 5% NaCl | 10% NaCl (R) 1% NaCl | 5% NaCl | 10% NaCl

1.5 45.97 3.83 2.65 2.12 12.55 1.97 2.46 2.06
3.5 68.95 4.31 2.46 2.34 15.34 2.7 2.30 2.70
5.5 91.30 6.57 3.45 2.60 19.73 3.45 2.60 2.81
7.5 137.90 7.26 5.30 4.06 23.00 5.75 3.94 3.06

# 6. §&Es FY T WM

Measured resistance (k)
Electrode
spacing Initial water content 5% Initial water content 8%
(cm) Initial (R) leachate 50ml injection (Ry) Initial (R) leachate 50ml injection (R
1.5 46.00 5.31 27.58 2.88
3.5 ' 69.00 6.00 34.45 4.60
5.5 137.90 8.12 45.93 3.43
7.5 138.00 8.63 68.95 3.94

Hlste] 29 7o) mAStgTE 2 7o SJskd o b
2 9] A7l st 2 FUT B9 27
Aggrol &5 FUT A9 A7 A= 2~
4uff A= o 2A Yebdth 580 FUE B2l A
ke FaUYL el Sk wgd o gler,
A&7t FUE Bfole deuY 3719 o442
of F7to] oJste] Aol A4 Hh &, %
& A% A9 Al st AEr+E FUN 7B
o] Aggkol v HA vehts AL 2R AE
7t 3hRdte ol 24 &l W) miiZo s Aol
t}. o] ZAxfof oJshd, FU7 ANE =3¢l 7ol 3l

30
(Water content 5%) °
---@-- Leachate
25 }|---©-- Tap water
{Water content 8%)
—a— Leachate ,.
20 [ _g— Tap water 8

Resistance (kQ)
&

10 |
JUR SRR N )
o L
0.5 1.5 3.5 55 75 95

Electrode spacing (cm)

C 08 7. 23 A& ofF HEHE Hi

222 S=2RPEEE=2E  HNT7E W62
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