Conversion of IP data and its uncertainty from Time-Domain to Frequency-Domain using Debye decomposition
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Introduction Accuracy of phase estimate Field application
The time-domain (TD) induced polarization (IP) method is used as an extension to direct-  To estimate the we: Here we for the application of our approach to a tomographic TD IP data set measured in Kam-
current resistivity measurements to capture informa’gion on the ability gf the subsurface 1. generated transients with varying relaxation time r, chatka:
to develqp el.ectrlcal polarlzatlo.n.. In t.he TD, the transient voltage decay.ls measured after 2. converted the transients into phase estimates at 1 Hz, 1. Fitting of simple power-law decays to the transients to filter non-physical measurements.
jche termination of th.e current injection. In order to invert t(.)m.ographlc.TD IP data sets 3. compared the phase estimates against the expected phases. 5> Estimation of the TD error on the transients.
into frequency-domain (FD) models of complex electrical resistivity, a suitable approach | | | | . 3. Conversion of the transients to the FD.
for the cc?nlvelr5|ondof TD IP tllrans[enjcs alr:g their gorreslpoqdrl]ng uncirDtallpntles into the FD 0. - expected o oy e .. Propagation of the TD error to the FD.
5 essential. In order to apply exisling FU Inversion algorithms 1o 1D 1P measurements, | = 10° - s 5. Inversion of the FD data into a subsurface model of complex resistivity.
a conversion approach must transform the measured decay curves into FD impedances 5 o : |
and also propagate the corresponding measurement uncertainty from TD into FD. Here %30' E ® propagated standard deviations P ® propagated standard deviations
we present such an approach based on a Debye decomposition (DD) of the decay curve £ 20- < alz| +b / alZ| ™" +c
into a relaxation-time distribution (RTD) and calculation of the equivalent spectrum. ® 1o- ) = 107 ” T 107
e . N =
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transient spectrum : ; -
[ 4 Figure: Phase estimates (left) and corresponding estimates for As,q (right). Within the bounds of the B .
y Deb T sampled time frame (indicated by the vertical red lines), the estimates are L ——— +9
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. Figure: Systematic behavior of the error estimates. Note that the error models are only fitted for the purpose of illustration. During the
TD error RTDerror = FD error Accuracy of error propagation tomographic inversion we used the individual error estimates.
estimate estimate estimate

e Conversion of the data error is done using Gaussian-error propagation. ' . . - .
S Propas e The propagated error estimates for magnitude and phase exhibit the expected behavior. The error of the

- e The model-domain uncertainty is described by using a covariance matrix that ude beh I v, while th £ the nhase foll . l
Debye decomposition isolates the mapping of the data errors (6) (Gubbins, 2004). magnitude behaves linearly, white the error of the phase Tollows an Inverse power faw. .
e Tomographic-inversion results at 1 Hz and 20 Hz show negligible differences in the magnitude but a significant
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We use the Debye decomposition to calculate a FD equivalent to the measured transient. Cu = (Cp') + AR) (5) Ce=Cu) € )Cu. (6) frequency dependence of the phase.
The spectrum of the complex electrical impedance is given by a superposition of Debye TO we: [Plapa G1inz
relaxation terms, scaled by ~: 1. calculated the phase estimates for 10 000 noise realizations of the same transient, - | :

M 1 2. used the scatter of the phase estimates to calculate a reference standard deviation,
Z(w) = Ro — Z% (1 P > (1) 3. compared the results of the error propagation, performed for different noise
k=1 K realizations of the same transient, against the reference-standard deviation. ’ 1000 1500 2000 2500 3000 : 1500 2000 2500 3000
Plotting ~, against 7, yields the RTD. To estimate the values 4, we invert the measured cmtter FD xim <im
transient using the TD forward operator that is equivalent to Equation (1): ¢ [mrad]
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consistency in the inversion results, we use a logarithmic parameterization: € 0 oa. 2 oo - 0 P 200 000 0 P %0 000
. . M : I (Vk) ’ . 3) 100 - Figure: Inversion results at 1Hz and 20 Hz compared.
with v, = 1Q. We solve the resulting non-linear inverse problem using a Pseudo-Newton 0-02- :
optimization scheme: 1071 I T 0 02
B 1 B t [s] In|Z| .
Mg, =Mg+aldm=my;—a()'C;')+IR) (J'C;" (f(mg) —d) + ARmy) . (4) Conclusion References
Measurement errors are accounted for in the data precision matrix CB1 To make the so- Figure: Left: noise realizations of input transient. Center: Scatter of example-model parameter m,o. Right:
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