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Study of the long bipole and large power electromagnetic field

DI Qing-Yun, WANG Miao-Yue, WANG Ruo, WANG Guang-Jie
Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China

Abstract Generally, the geoelectrical structure of the earth’s crust and upper mantle only is
considered in electromagnetic exploration. However, for a long bipole source (approximately
several tens kilometers long), the effect of the ionosphere on the electromagnetic (EM) field
should be taken into account when observations are carried out at a very remote locations far away
from the source (several thousand kilometers), Especially, the configuration which includes the
ionosphere, the atmosphere and the earth, called the “earth-ionosphere” case, should be
considered. However, there are only a small number of publications related to this problem. In
our study, we analyze first the electromagnetic field excited by an electric dipole within the
traditional control source electromagnetic (CSEM) configuration using the integral equation
method., We consider a three-layer model of the earth-ionosphere media. The modeling results
closely match the half-space analytical data, since the effect of the ionosphere for this small scale
bipole source is negligible, This confirms that the integral equation method is a reliable and

effective method for modeling earth-ionosphere media. We examine the EM fields’ behavior in the
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model of the complicated earth-ionosphere media with the field excited by a long bipole source in
the far-field and wave-guide zones. We model the decaying properties of electromagnetic fields for
three-layer earth-ionosphere model considering a 50 km long current bipole source. Due to the
influence of the ionosphere, the earth-ionosphere EM fields, excited by a long bipole source, has
an extra wave-guide zone, where the field behavior is very dilferent from the far field zone. We
also model the EM fields for multi-layer models typical for continental shield and platform with 50
km long bipole and 200 A current source, and for the petroleum reservoir model including the
ionosphere layer that is 100 km thick, and an air layer with the same thickness using a bipole that

is 50 km in length. The modeling results show that the targets can still be easily identified in the

earth-ionosphere EM fields with a very large offset (more than 1000km).
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(a) Frequency response curves of electric field component Ex; (b) Frequency response curves of

magnetic field component Hy; (c) Frequency response curves of apparent resistivity pry.
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Fig. 10 Axial array frequency response curves of Ez, Hy, p, in different offset for continental shield model

(a) Frequency response curves of electric field component Ex; (b) Frequency response curves of magnetic field component Hy;
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field component Hy; (c) Frequency response curves of apparent resistivity pyy.
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Fig. 12 The platform model
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Fig. 13 Axial array frequency response curves of Ez, Hy, p, in different offsets for platform model

(a) Frequency response curves of electric field component Ex;(b) Frequency response curves of

magnetic field component Hy;(c) Frequency response curves of apparent resistivity ps,.
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Fig. 14 Equatorial array frequency response curves of Ex, Hy, p,, for platform model in different offsets
(a) Frequency response curves of electric field component Ex; (b) Frequency response curves
of magnetic field component Hy; (c¢) Frequency response curves of apparent resistivity py,.
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Fig. 15 Local anomaly reservoir model
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Fig. 16 Axial array frequency response curves of total Ex field, Hy field and apparent resistivity
in different offsets for the model shown in Fig. 15
(a) Frequency response cutves of total electric field component Ex; (b) Frequency response curves of total magnetic

field component Hy; (¢) Frequency response curves of apparent resistivity o., calculated by total fields.
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Fig. 17 Axial array frequency response curves of background Ex field, Hy field
and apparent resistivity in different offsets for the model shown in Figure 15
(a) Frequency response curves of background electric field component Ex; (b) Frequency response
curves of background magnetic field component Hy; (c) Frequency response curves of
apparent resistivity p., calculated by background fields.
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Fig. 18 Axial array frequency response curves of total field divided by background field

(a) Ex component; (b) Hy component; (c) apparent resistivity,
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