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2.5 Dimensional EM Modeling considering Horizontal Magnetic Dipole Source

Hyoung-Seok Kwon”, Yoonho Song?, Jeong-Sul Son® and Jung-Hee Suh®
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Abstracts : In this study, the new modeling scheme has been developed for recently designed and tested electromagnetic
survey, which adapts horizontal magnetic dipole with 1 kHz~1 MHz frequency range as a source. The 2.5-D secondary
field formulation in wavenumber domain was constructed using finite element method and verified through comparing
results with layered-earth solutions calculated by integral equations. 2-D conductive- and resistive-block models were
constructed for calculating electric field, magnetic field and impedance - the ratio of electric and magnetic fields which
are orthogonal each other. This study showed that electric field and impedance are superior in identifying 2-D isolated-
body model to magnetic field. In particular, impedance gives more stable results than electric field with similar spatial
resolving power, because electric field is divided by magnetic field in impedance. Thus the impedance analysis which
uses electric and magnetic fields together would give better result in imaging the shallow anomalies than conventional
EM method.

Keywords : horizontal magnetic dipole, wavenumber domain, 2.5-D modeling, impedance
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Fig. 1. Primary Ex and Hy fields at 1 kHz in wavenumber domain
for a homogeneous half-space with different conductivities.
Conductivities of half-space are 0.1 S/m, 0.01 S/m, and 0.001 S/m,
respectively. A HMD source is located on the surface and fields are
calculated at 50 m and 50 m in depth and in x-direction,
respectively. (a) and (b) are real and imaginary components of
primary Ex fields, respectively, and (c) and (d) are those of ptimary
Hy fields, respectively.
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Fig. 2. Primary Ex and Hy fields at 100 kHz in wavenumber
domain for a homogeneous half-space with different conductivities.
Conductivities of half-space are 0.1 S/m, 0.01 S/m, and 0.001 S/m,
respectively. A HMD source is located on the surface and fields are
calculated at S m and 5 m in depth and in x-direction, respectively.
(a) and (b) are real and imaginary components of primary Ex fields,
respectively, and (c) and (d) are those of prlmary Hy fields,
respectively.
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Fig. 3. A schematic diagram of a layered earth-model. Conductive
(0.1 S/m) layer with 10 m thickness is embedded in a 0.01 S/m
homogeneous half-space at the depth of 10 m.
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Fig. 4. Secondary Ex and Hy fields at 1 kHz on the surface for the
0.1 S/m conductive-layer model shown in Fig. 3. A HMD source
is located at the origin and fields are calculated along the x-axis.
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respectively, and (c) and (d) are those of primary Hy fields,
respectively.
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Fig. 5. Secondary Ex and Hy fields at 1 MHz on the surface for
the 0.1 S/m conductive-layer model shown in Fig. 3. A HMD
source is located at the origin and fields are calculated along the x-
axis. (a) and (b) are real and imaginary components of secondary
Ex fields, respectively, and (c) and (d) are those of secondary Hy
fields, respectively.
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Fig. 6. A schematic diagram of an isolated-block model. Conductive
(0.1 S/m) or resistive (0.001 S/m) block with the dimension of 10
m X 10 m is embedded in a 0.01 S/m homogeneous half-space at
the depth of 10 m.
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Fig. 7. Surface profiles of secondary Ex and Hy fields and
amplitude and phase curves of impedance at 1 kHz for the 0.1 S/
m conductive-block model shown in Fig. 6. The separation of
source and receiver is 40 m. Fields are plotted at the center position
of source and receiver and impedances are plotted at the receiver
position. (a) and (b) are real and imaginary components of
secondary Ex fields, respectively, (c) and (d) are those of secondary
Hy fields, respectively, and (e) and (f) are amplitude and phase
curves of impedance (Ex/Hy), respectively.
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Fig. 8. Surface profiles of secondary Ex and Hy fields and
amplitude and phase curves of impedance at 1 MHz for the 0.1 S/
m conductive-block model shown in Fig. 6. The separation of
source and receiver is 10 m. Fields are plotted at the center position
of source and receiver and impedances are plotted at the receiver
position. (a) and (b) are real and imaginary components of
secondary Ex fields, respectively, (c) and (d) are those of secondary
Hy fields, respectively, and (e) and (f) are amplitude and phase
curves of impedance (Ex/Hy), respectively.
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Fig. 9. Surface profiles of secondary Ex and Hy fields and
amplitude and phase curves of impedance at 1 kHz for the 0.001
S/m resistive-block model shown in Fig. 6. The separation of source
and receiver is 40 m. Fields are plotted at the center position of
source and receiver and impedances are plotted at the receiver
position. (a) and (b) are real and imaginary components of
secondary Ex fields, respectively, (¢) and (d) are those of secondary
Hy fields, respectively, and (e) and (f) are amplitude and phase
curves of impedance (Ex/Hy), respectively.
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Fig. 10. Surface profiles of secondary Ex and Hy fields and
amplitude and phase curves of impedance at 1 MHz for the 0.001
S/m resistive-block model shown in Fig. 6. The separation of source
and receiver is 10 m. Fields are plotted at the center position of
source and receiver and impedances are plotted at the receiver
position. (a) and (b) are real and imaginary components of
secondary Ex fields, respectively, (c) and (d) are those of secondary
Hy fields, respectively, and (e¢) and (f) are amplitude and phase
curves of impedance (Ex/Hy), respectively.
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