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Interpretation of Finite HMD Source EM Data using Cagniard Impedance
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Abstract : We have introduced a new approach to obtain the conductivity information of subsurface using Cagniard
impedance over two-dimensional (2-D) model in the presence of horizontal magnetic dipole source with the frequency
range of 1 kHz~1 MHz. Firstly, we designed the method to calculate the apparent resistivity from the ratio between
horizontal electric and magnetic fields, Cagniard impedance, considering the source effects when the plane wave
assumption is failed in finite source EM problem, and applied it to several numerical models such as homogeneous half-
space or layered-earth model. It successfully provided subsurface information even though it is still rough, while the one
with plane wave assumption is hard to give useful information. Next, through analyzing Cagniard impedance and apparent
resistivity considering source effect over 2-D models containing conductive- or resistive-block, we showed that the
possibility of obtaining conductivities of background media and anomaly using this approach. In addition, the apparent
resistivity considering source effect and phase pseudosections constructed from Cagniard impedance over the isolated
conductive- and resistive block model well demonstrated outlines of anomalies and conductivity distribution even though
there were some distortions came from sidelobes caused by 2-D body.
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Fig. 1. Amplitude (a) and phase (b) curves of impedance by plane wave for homogeneous half-space with varying conductivity, and those by
HMD source ((c) and (d)) for 0.01 S/m homogeneous half-space with varying Tx-Rx separation as a function of frequency. (c) and (d) are
redrawn as a function of induction number for more quantitative interpretation of source effect ((€) and (f)).
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Fig. 2. Apparent resistivity curves for 0.01 S/m (a) and 0.001 S/m (b) homogeneous half-spaces adopting plane wave assumption, and those
considering source effect from impedance data excited by HMD source ((c) and (d)).
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dimension of 10 mx 10 m is embedded in a 0.01 S/m homogeneous half-space at the depth of 5 m.
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Fig. 5. Amplitude (b) and phase (c) curves of impedance and apparent resistivity curves (d) over the isolated resistive-block model shown in
(a) when receiver is located at the center of the body on the surface with varying Tx-Rx separation. A resistive (0.001 S/m) block with
dimension of 10 m x 10 m is embedded in a 0.01 S/m homogeneous half-space at the depth of 5 m.
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