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This study proposes an innovative idea by applying the self-potential (SP) method to
detect stray currents throughout the implement of numerical simulations and sandbox
experiments. This research also expounds the feasibility and advantage of SP for
monitoring in the field. We have conducted the sandbox design, literature and theory
review, preliminary simulations on electrical resistivity imaging / tomography (ERI /
ERT), together with laboratory sandbox experiments for various conditions of
contaminants. The results of experiments illustrated, while the ERI is good for site
investigation and time-lapse comparison, the SP method is preferred in the long-term
monitoring. Importantly, the criterion for the ERI application could be the contrast in the
resistivity larger than 20%. On the other hand, the SP method is capable of detecting a
small environmental event in magnitude. We have applied the SP method for synthetic
stray currents in sandbox experiments. The results of inversion showed the position of
stray currents can be imaged by the electrical potential distribution and current density.
ERI is the most popular approach to survey the issue of soil and ground-water
contamination. The instrument of SP method is similar to ERI, therefore it also has
feasibility to measure the signals of ERI and SP at the same time. The results of this study
extend applied range of the electrical methods in geophysical exploration for the problem
of soil and ground water pollution. It not only determines the pollution distribution but
also detects the potential problem of stray currents benefiting the management of
potential leakage of petroleum and natural gas.
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Friv 4~ (Sulphides) 2 ik B gkt (Liasclay) 4~20
%47 (Chalcopyrite) 1.2x10°~3x10* i % (Boulder clay) 10~15
* 4% (Pyrite) 2.9x10°~15 §c% A2 (Clay (very dry)) 15~35
B 47 (Pyrrhotite) 7.5x10°~x17? & & 47 ik % ( Mercia mudstone ) | 50~ 150
= 4% (Galena) 3x10°~3x107 % & 7 (Chalk) > 100
P47 (Sphalerite) 1.5x10’ & & (Coke) 50~150
§ v % (Oxides) : §c 7% % Gravel (dry) 0.2~8
#4475  (Haematite) 3.5x10°~10’ &4r7# 7 (Gravel (saturated)) | 1,400
ik (Limonite) 103%~10’ bw & #) (Quaternary /Recent | o) ) o
sands )
#47 (Magnetite ) 5x10°~5.7x10° LA (Ash) 4
45467 (Hmenite) 10°~50 w g% (Colliery spoil ) 10~20
% % (Quartz) 300~10° 7% 4 (Pulverised fuel ash) 50~100
4@ (Rock salt) 30~10" =4 (Laterite) 800~1,500
&#°%% (Anthracite) 10°~2x10° i3 (Lateritic soil ) 120~750
% (Lignite) 9~200 ¥o ' 70 B 4 3 (Dry sandy soil ) |80~1,050
Iy /.: 4
w# % (Granite) 300~1.3x10° # R (Sandclay fclayey o, o1
sand )
ki@ # (Granite .
(weathered) ) 30~500 #; % (Sand and gravel ) 30~225
LK . 2 108 7 47 fexr 3K 332 3 (Unsaturated N
i £ # (Syenite) 10°~10 landfill) 30~100
L 4 {oi & #0383 (Saturated
v E, 4~10° o ~
e £ 4 (Diorite) 10°~10 landfill ) 15~30
¥.E 4 (Gabbro) 10°~10° etk A -k (Acid peat waters) |100
<+ 7 4 (Basalt) 10~1.3x10’ fe7 2 -k (Acid mine waters ) | 20
54 A frE & i .
# (2 g2 ) (Sehists |y g & j2i% (Rainfall runoff) | 20~100
(calcareous and mica) )
&4 £ i k> G E, i
# ( 7 %) (Schist 10~100 K 3R 18 35 ( Landfill <10~50
(graphite) ) runoff )
B sk Ak (Glacier ice
W _ 7 /- 6 _ 8
1 & (Slates) 600~4x10 (temperate) ) 2x10°~1.2x10
<1z (Marble) 100~2.5x10° &+ 7k " 7k (Glacier ice (polar) )| 5%10%~3x10>"
Eoa i
A7 3 (Consolidated 20~2,000 Ak 4 (Permafrost) 10°~>10°
shales)
7 (Conglomerates ) 2x10°~10* ’k# (Moraine) 10~5x10°
#5 4 (Sandstones) 1~7.4x10° 7 % v (Hydrocarbon reservoir ) | 25~27.5
AT 4% Y
z % % (Limestones) 50~10" # ILALF 2 (Sherwood 100~400
sandstone )
Pl Bl S0 i
% 2 7 (Dolomite) 350~5x10° fi 2 e (Alloviumand 0 a5
sand )
A ¢ (Marls) 3~70 2 3% (Soil (40% clay)) 8
%2 (Clays) 1~100 4 3% (Soil (20% clay) ) 33
% 2 (Topsoil) 250~1,700

TR %R ¢ 4 A Reynolds, 2011* -

* Reynolds J.M,2011, An Introdroduction to Applied and environmental Geophysics 2nd" , Wiley.
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( Borehole Electrlcal Reisitivity Tomography ) » i& e % 4~ en B HE_5 7 B f3
H Jed 2 Feng e & i (Cross-Borehole Imaging ) > 5 7 223+ & endF B Fe Fg > ©
P h P e E E fod 2 @ A E o dnl TR GE MBI N TR

% (Cross-Hole / Borehole Electrical Reisitivity Tomography » CHERT ) 2 o

19803@4’%%\»_ Mz e TR E R S R ?ﬁﬁf'&%*?“

R P G R T 5 0 Zhao (1986) °1 B pn F I E R R T R
ﬁ?fjf@&hﬁi?%ﬁa— s Tl — B A 1 Y ;’5%“&4@7?&.?,}41&,&1 =gy
SRR PRF e FORHREHAE 20 HRDLE L f e

® %% K 21 Dailyand Owen (1991) 7 =% & B53' 5% 1L i enif 1#

T R g g R \ﬁ¢%¢m{mf%ﬂwﬁw3@¢ S ehfpdl ) R
e REREGE RS - s E P20 1997 & 4 § RR G o B
(Zhou » 1997) ° -

Bt e PG R BB BV A IV TR E 0 B L AL
N R 0 2 BN T ERE A (B 21-7) 0 A TR 2 A
1990 # 4= ¥ % i * Pole-Pole £ 7;# (Shima 1992’ ; Spies and Ellis 1995%) » e
Pole-Pole £ 72 g3t s\ R 2 * + 53 MR E P R-E 7 P o

A ARDFEAENF T REY Y PEF R PBEXF L L2 27
BFoom Z >&5 R (Whole-Space ) » Aigfieanif 2™ » 2 & @ il §IL/2 en
ERESR-EE PRI AT RETE O TN m,LFI“}JT*@‘z* P

A%
e
b MANE BBV TR GE IRHTE ~ RS T &P 5] & Zhou and
Greenhalgh,1997° ~ 1999 ~ 2000 ; Zhou,1998"~ J« 7| chip B A= 5 2. 16 4 B = fF » 1

’ Zhao, J.X., Rijo, L. and Ward, S.H., 1986. Effects of geoelogic noise on cross-borehole electrical surveys. Geophysics, 51, 1978-1991.

% Zhou, B. and Greenhalgh, S.A., 1997. A synthetic study on cross-hole resistivity imaging with different electrode arrays. Exploration
Geophysics, 28, 1-5.

7 Shima, H., 1992. 2-D and 3-D resistivity imaging reconstruction using crosshole data. Geophysics, 55, 682-694.

8 Spies, B.R. and Ellis, R.G, 1995. Cross-borehole resistivity tomography of a pilot-scale, in-situ vitrification test. Geophysics, 60,
1313-1325

? Zhou, B. and Greenhalgh, S.A., 1997. A synthetic study on cross-hole resistivity imaging with different electrode arrays. Exploration
Geophysics, 28, 1-5.

0" Zhou B. 1998. Cross-hole resistivity and acoustic velocity imaging: 2.5D Helmholtz equationmodeling and inversion. PhD thesis,
University of Adelaide
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! Goes, B. J. M., and Meekes, J. A. C., 2004. An effective electrode configuration for the detection of DNAPLs with electrical resistivity
tomography. JEEG, Vol.9. No.3, pp.127-141.
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2 Greenhouse, J.P, and Harris, R.D., 1983 Migration of contaminants in ground water at a land fill. J. Hydrology, 63, 177-197.

3 Dahlin, T, Bernstons, C., Gundogdu, B., and Loke, M. H., 2002. A 3-D resistivity investigation of a contaminated site at Lernacken,
Sweden, Geophysics, Vol 67, No.6, pp. 1692-1700.

" Lago, A.L., Elis, V.R., Borges, W. R. and Penner, G C. (2009) Geophysical investigation using resistivity and GPR methods: a case study
of a lubricant oil waste disposal area in the city of Ribeira"o Preto, Sa”o Paulo, Brazil. Environ Geol 58:407-417

5 Vanhala, H., Soininen, H. and Kukkonen, I, 1992. Detecting organic chemical contaminants by spectral-induced polarization method in
glacial till environment. Geophysics, 57, 1014-1017.
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Godio, A. and Naldi, M. 2003. Two-dimensional electrical imaging for detection of hydrocarbon contaminants. Near Surface Geophysics,

Vol.1, 131-137

" Marti 'nez-Paga'n, P., Cano, A.F., Silva, G.R. and Olivares, A.B., 2010. 2-D Electrical Resistivity Imaging to Assess Slurry Pond Subsoil
Pollution in the Southeastern Region of Murcia, Spain. JEEG, Vol. 15, (1), 29-47.

" Naudet, V, Gourry, J.-C., Mathieu, F., Girard, J.F., Blondel, A and Saada, A. 2011. 3D Electrical Resistivity Tomography to locate
DNAPL contamination in an urban environment. Near Surface 2011 — 17th European Meeting of Environmental and Engineering
Geophysics Leicester, UK, Wang, T. P, Chen, C. C., Tong, L. T., Chang, P. Y., Chen, Y. C., Dong, T. H., ... & Cheng, S. N. (2015). Applying
FDEM, ERT and GPR at a site with soil contamination: A case study. Journal of Applied Geophysics, 121, 21-30.

1 Wang, T. P, Chen, C. C., Tong, L. T., Chang, P. Y., Chen, Y. C., Dong, T. H. & Cheng, S. N. (2015). Applying FDEM, ERT and GPR at a
site with soil contamination: A case study. Journal of Applied Geophysics, 121, 21-30.

2 T > 1997 < § PSSP R 1 U G O R IR - W@%ﬁﬁﬂ*fWHﬁiwiﬁ’ﬁw%ﬁﬁﬁ*ﬁ
pp.207~210 -

2 ik > 1998 o U TR TP RTE N S YS VP  R fS [ RTRE » i

225 2008 + RSB IE bﬁ%%@iﬁﬁﬁ“ DNAPLS 4 =3 - [t | ol sl IPTTRE » f
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Electrochemical Cell

| Voltmeter
0 E o x
= - Y
Anode Porous Barrier Cathode
J |
Oxidation ¥ Reduction
Zn—»Zn*? + 2¢- I : Cu*? + 2¢- — Cu
11
ntE — || Cy*? ———
— 5047 || =——— 5047
|1
|
Zinc Metal ) : | Copper Metal
ZnS0s Solution 11 CuS0s Solution
|1

Redox SP

8- —=
i Base Electrods
/%
Aerobic Zone
Redox Zones The ground acts as apermeable barrier, permitting ion flow, but
slowing direct mixing of the anaerobic and asrobic zones.

FHL &R : 4 A Nyquistetal., 20027 -
Bl 2.3-1 #7124 B

M 2311 B4 7 Bl SRR S ah s o 7 R B T e g g
el CE A - TRERFECTAR B Lt ERBEFF CBRF
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% Nyquist, Jonathan E. and Charles E. Corry, 2002. Self-potential: The ugly duckling of environmental geophysics, The Leading Edge.
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2 Glover, PW.J and M.D Jackson, 2010. Borehole electrokinetics, The Leading Edge.
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2 Weaver, Richard L. and Oleg I. Lobkis, 2004. Diffuse fields in open systems and the emergence of the Green's function (L), J. Acoust. Soc.
Am. 116 (5).
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% Lobkis, Oleg I. and Richard L. Weaver, 2001. On the emergence of the Green s function in the correlations of a diffuse field, J. Acoust. Soc.

Am. 110 (6)
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