LUND UNIVERSITY

Impact of Time-domain IP Pulse Length on Measured Data and Inverted Models

Olsson, Per-lvar; Fiandaca, Gianluca; Dahlin, Torleif; Auken, Esben

Published in:
Near Surface Geoscience 2015 - 21st European Meeting of Environmental and Engineering Geophysics

DOI:
10.3997/2214-4609.201413755

2015

Link to publication

Citation for published version (APA):

Olsson, P.-l., Fiandaca, G., Dahlin, T., & Auken, E. (2015). Impact of Time-domain IP Pulse Length on
Measured Data and Inverted Models. In Near Surface Geoscience 2015 - 21st European Meeting of
Environmental and Engineering Geophysics EAGE. https://doi.org/10.3997/2214-4609.201413755

Total number of authors:

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY
PO Box 117

221 00 Lund
+46 46-222 00 00

Download date: 01. Jul. 2025


https://doi.org/10.3997/2214-4609.201413755
https://portal.research.lu.se/en/publications/2b959b27-675c-451d-84f0-2345cab368e4
https://doi.org/10.3997/2214-4609.201413755

NEAR SURFACE

GEOSCIENCE

Tu 21P2 23

Impact of Time-domain IP Pulse Length on
Measured Data and Inverted Models

P.-I. Olsson* (Lund University), G. Fiandaca (Aarhus University), T. Dahlin
(Lund University) & E. Auken (Aarhus University)

SUMMARY

The duration of time domain (TD) induced polarization (IP) current injections has significant impact on
the acquired IP data as well as on the inversion models, if the standard evaluation procedure is followed.
However, it is still possible to retrieve similar inversion models if the waveform of the injected current and
the IP response waveform are included in the inversion. The on-time also generally affects the signal-to-
noise ratio (SNR) where an increased on-time gives higher SNR for the IP data.
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Introduction

Direct current resistivity and time domain induced polarization (DCIP) is a versatile geophysical
method which has been developed for over 100 years. Alongside with this development, the use and
understanding of time domain induced polarisation (TDIP) have increased in academia as well as in the
engineering industry. Some aspects of the TDIP are however generally neglected when conducting
DCIP surveys for engineering applications. Specifically, the effect of varying duration of the current
injections and the duration of the IP decays are normally not accounted for in the standard procedures.
Furthermore, to the knowledge of the authors, there has up to date been only few studies on how the
duration of the injected current affects the results retrieved from TDIP measurements (with notable
exception of Gazoty et al., 2013).

In this paper we show that the duration of current injections in fact has significant impact on the acquired
induced polarization data as well as on the inversion models, if the standard evaluation procedure is
followed. The commonly applied inversion of the induced polarization data is only considering the
integral chargeability, without taking the waveform of the injected current or the waveform of the IP
response into account. Our results show that, with these full waveform considerations included in the
inversion, it is possible to retrieve similar inversion models for the induced polarization, independent
of the on-time duration. Our results also show that the signal-to-noise ratio (SNR) for the IP information
increases with increasing duration of the current injections.

Methods

A field test was conducted using an ABEM Terrameter LS for transmitting current and measuring
potentials. Four field data sets were acquired on the same measurement line, using a 50% duty cycle
current injection waveform with different on-time and off-time durations: half second, on second, two
seconds and four seconds. The retrieved IP decays were gated with approximately log-increasing IP-
gates with the same temporal distribution, but with larger number of gates for the longer on-time
acquisitions. All other data acquisition parameters were identical. The field data were inverted for
resistivity, integral chargeability (Res2dinv) and phase shift (Aarhusinv).

For simplicity, and in order to compare the same amount of parameters for both inversion methods, the
constant phase angle (CPA) model was used for the Aarhusinv inversions (Fiandaca et al., 2013, 2012).
This model contains only two parameters, in contrast to the more general Cole-Cole model which
contains four parameters.

Results and Discussion

Figure 1 shows acquired field IP decays for

the same quadruple from the four different 1471

on-time data sets. As seen in Figure 1, the On-time = 4.0s
starting values of the measured IP decays are 121 — — — On-time = 2.0s
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Furthermore, the magnitudes of the longer oy Tz On-time = 0.5s

on-time decays are higher than for the shorter
on-times for the full length of the decays.
One direct effect of this is, assuming that
noise levels are independent of on-time, is an
increase in SNR with increasing on-time.
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Figure 1 Acquired field IP decays
corresponding to the same quadruple from

each of the four data sets with different on- 0 : : : :
time. Note that the magnitude of the decays 0 1 _ 2 3 4
are increasing with longer on-time. Time (s)
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Figure 2 shows pseudosections of apparent chargeability for the 3™ IP-window for three data sets with
different on-time. Clearly data space is different for the three data sets even if they were acquired on
the same measurement line. More specific, is the apparent chargeability generally increasing when on-
time is increased, which is also shown by the individual full decays in Figure 1. One effect of this
difference in data space is that inversions not considering the full waveform will produce different
inversion models for data acquired with different on-time. Since not only decay duration but also
magnitude is different it is not enough to only fix the integration time to for example the Newmont
polarization standard (Van Voorhis et al., 1973; Zonge et al., 1972), but full waveform inversion is
needed.
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Figure 2 Pseudosections for apparent chargeability (3" IP-window) of three different field data sets
(on-time=1, 2 and 4 seconds). As seen in the figure is the magnitude of the apparent chargeability
increasing with increasing on-time (from top to bottom). This effect can also be seen in the full decays
shown in Figure 1.
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Figure 3 shows inversion models retrieved with Res2dinv and Aarhusinv for three data sets acquired on
the same measurement line but with different on-time. The resistivity sections are similar for all data
sets independent on inversion software. However, as expected when considering the difference in data
space, the chargeability models retrieved from the integral chargeability inversions are quite different
(Figure 3, 2™ profile from top). On the contrary, more similar inversion models are retrieved when
inverting for the CPA-model and taking the waveform of the injected current into account (Figure 3,
bottom profile).
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Figure 3 Inversion models of field data from the same measurement line but with different on-time/off-
time. Sections shown are (from top to bottom): resistivity (Res2dinv), integral chargeability (Res2dinv),
resistivity (Aarhusinv) and CPA phase shift (Aarhusinv). Clearly, the resulting inversion models for
integral chargeability are very different from each other even if they represent inversion of data
acquired on the same profile. In contrast, similar inversion models are retrieved when inverting for
phase shift and including the waveform of the injected current in the inversion.
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Conclusion

Our results show, that the on-time of the injected current has a substantial effect on retrieved induced
polarization field data. It is clear from the results that this difference in data also effects the inverted
subsurface IP models when using an inversion software that only considers integral chargeability.
However, we have also shown that it is in fact possible to retrieve similar inversion models if the
waveform of the injected current and the IP response waveform are included in the inversion and that
increasing on-time gives higher SNR for the IP data.

Only considering the integral chargeability can be misleading and likely makes it more ambiguous when
trying to relate the IP models to geology building tabular reference data. Furthermore, if not including
the full waveform in the inversion, care need to be taken that the same acquisition settings are used
when making complimentary or verification measurements so that different data sets will be comparable
in data and model space.
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