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Abstract

The opposing coils transient electromagnetic method (OCTEM) has broad application prospects in
shallow water detection. In order to study its detection ability, the vector finite element method
was used to simulate the three-dimensional forward modeling of the opposing coils transient
electromagnetic method in shallow water. Firstly, starting from the Maxwell equations in fre-
quency domain, the vector finite element equation based on electric field was derived by Galerkin
method, and then the frequency domain response was transformed into time domain by cosine
transform. Then, the three-dimensional vector finite element method was used to calculate the
response of typical geoelectric model in shallow water. Compared with the numerical filtering so-
lution, the correctness of the algorithm was verified, and the opposing coils transient electromag-
netic response law under different water depths and different base rock resistivity was analyzed.
Finally, the vector finite element method was used to calculate the three-dimensional response of
the opposing coils transient electromagnetic method in shallow water. The forward results show
that the opposing coils transient electromagnetic method has a strong response to the low-resis-
tance abnormal body, the anomaly is clear and obvious, and has a high detection ability for the
low-resistance abnormal body in shallow water. This study can provide a theoretical reference for
the data processing and interpretation of opposing coils transient electromagnetic method in
shallow water.
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Figure 1. Principle and device diagram of towed opposing coils transient elec-
tromagnetic detection in shallow water
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Figure 2. Schematic diagram of the local numbering
rules for rectangular elements and edges
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Figure 3. Comparison of 3D vector finite element calculation results with 1D numerical filtering solutions. (a) Response
curve; (b) Relative error
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Figure 4. Opposing coils transient electromagnetic response curves under different parameters. (a) Different water depths; (b)
Different basement surrounding rock resistivities
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Figure 5. Schematic diagram of 3D anomalous body model in shallow water
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Figure 6. Main measurement line opposing coils transient electromagnetic re-
sponse multi-channel profile
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Figure 7. Numerical simulation of the opposing coils transient electromagnetic three-dimensional
response. (a) 0.129 ms; (b) 0.337 ms; (c) 1.73 ms
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