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Extraction of Cole-Cole Parameters from Time-domain Induced Polarization Data
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ABSTRACT

Frequency-domain and time-domain induced polarization methods can provide spectral information about subsurface media. Analysis
of spectral characteristics has been studied mainly in the frequency-domain, however, time-domain induced polarization research has
recently become popular. In this study, assuming a homogeneous half-space model, an inversion method was developed to extract Cole-
Cole parameters from the measured secondary potential or electrical resistivity. Since the Cole-Cole parameters of chargeability, time
constant, and frequency index are not independent of each other, various problems, such as slow convergence rate, initial model
problem, local minimum problem, and divergence, frequently occur when conventional nonlinear inversion is applied. In this study,
we developed an effective inversion method using the initial model close to the true model by introducing a grid search method.
Finally, the validity of the developed inversion method was verified using inversion experiments.
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5 L@} ZAK(Vanhala, 1997) 5 thFgt £okoll ] A-85
2 3lek. Aol $= B} s} oje) 43 £ Ao]o)
Y 7L 9 A% S8 vk rkeg Titov ef al.
2002; Titov et al., 2010).

SEEIE ARA Aot el 4% ARE S A
del= e Heo] Uehts @S 7RIt 271 AlZkE
g 2T ARY A =i AAFAczRE ALt
He #F A& 3RS g4bste HHo] AREEHUH
(Oldenburg and Li, 1994). 124} o] HFHL AI7t9 Y {=B
= BAF A=l Z3hE RE AEQ S sfATte] 7hsst
o} o]l A BEFS Foto] B AA AZlA Y 7%k
2 AF83}9 Cole-Cole ®H4=(Cole-Cole parameters, CCP)
(Cole and Cole, 1941; Pelton ef al., 1978) 53} & 24 A
H(spectral information)E £A5H= HHo| 7¥kE] 9ok Yuval
and Oldenburg, 1997; Johnson, 1984; Honig and Tazken,
2007, Tarasov and Titov, 2007; Fiandaca et al., 2013).

)9l A7l T2 7| Hg A4S A2 2RE Cole-Cole
Hige] 292 AFHe AT BT, SRS Auen
B Cole-Cole H=0] & flofixl= WA 4 Alg QA
H (iterative least-squares method)o] 9] ARE-E o] gt (Yuval
and Oldenburg, 1997; Kemna, 2000; Xiang et al., 2003). 712
U 24 A1G AP0l 98 Cole-Cole ¥i50] 242 27 2
w7} Lejel, H% 2wt 2] wde] 397 B oje), A
o Z4-F(local minimum) EA|o| = AG-FA] &3l E35] A
7R ALt TR, SRt 9 Tk S 93
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e =
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et al., 1978).
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Fig. 1. The secondary potential and resistivity decay curve in time-domain induced polarization measurement.
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Fig. 2. Decay curves of the normalized secondary resistivity for various
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Fig. 3. (a) Distribution of normalized secondary resistivity in #, 7, ¢ and (b) in 7, ¢ domains at # = 130 ms.
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Table 1. Cole-Cole parameters (m, 7, ¢) from the grid search and
least-squares inversion. The (m, 7, ¢) from the grid search is used
as an initial model for least-squares inversion.

(m, 7, ¢) by Grid search  Inverted (m, 7, ¢) True (m, 7, ¢)

1 (0.1000, 1.000, 0.1995) (0.100, 1.000, 0.200) (0.100, 1.000, 0.200)
2 (0.1999, 10.00, 0.5012) (0.200, 10.00, 0.500) (0.200, 10.00, 0.500)
3 (04647, 0.3162, 0.3162) (0.500, 0.200, 0.300) (0.500, 0.200, 0.300)
4 (0.6982, 31.623, 0.7943) (0.700, 50.00, 0.700) (0.700, 50.00, 0.700)

~10%], ¢ = [107 ~ 1.01] 77+ o] Zh& zheckn 7hgeta,
59} o2 109] vl g 1070e] "olM o (r, 7, c) & ARt
3taL, o1& &7 A=} vlaskct.
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PN g ) e A E ollE 7 olFE Wi Ho
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N
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24 E s md 3ol MR, ol At AlZke]
Z71etthe BEAIF0] itk =3t dAld oz MEY 7HAS of
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