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Current Research Status and Future of Electromagnetic Survey
Methods towards Integrated Analysis with Seismic Methods

Tada-nori GOTO* and Hitoshi MIKADA*

Abstract

Electromagnetic (EM) methods have been developed for estimating the apparent resistivity
or conductivity of material composing subsurface structure depending on survey objectives, while
seismic methods are applied mainly to understand geological structure or stratigraphy. Magne-
totelluric subsurface sounding (MT) methods are proven tools detect high-conductivity anoma-
lies in the Earth's interior; controlled source EM (CSEM) methods detect high-conductivity
anomalies; and, nuclear magnetic resonance (NMR) methods estimate “the mean free path” of
hydrogen atoms in various molecules composing underground materials. Regarding methodolo-
gies, EM methods frequently applied in practice are: (1) natural source MT methods, (2) artifi-
cial source MT or EM methods, and (3) borehole EM methods. The fundamental principles of
these methods can be summarized as measuring the induction effects of a survey target using a
natural or artificial electromagnetic source. Finally, we investigate examples of recent EM ap-
proaches in connection with seismic methods and discuss the integration of survey data from
both methods as a key to exploring underground structures not only in terms of stratigraphic in-
terpretation but also for estimating material physical properties.

Key words : electromagnetic methods (EM methods), magnetotelluric methods (MT methods),
VLF methods, joint inversion, rock physical property
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Fig.1 Diagram of electromagnetic sounding method.
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Fig.2 Schematic drawing of the attenuation of induced

electric current. Although induced an electromag-
netic field with high-frequency oscillation cannot
penetrate the deep interior below the surface,
lower-frequency electromagnetic induction can
reach greater depths.
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Fig. 3 Basic concept of magnetotelluric sounding.
Solid and broken arrows indicate magnetic field
and electric current, respectively. Primary and
secondary magnetic fields are generated by an
electric current flowing in the ionosphere and
underground, respectively. Details are described
in the main text.
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Fig.4 Various electromagnetic sounding with natural and controlled

sources. Solid and broken arrows indicate magnetic field and electric
current, respectively. Approximate sounding depths are also shown.
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WHIALIC B THE ORI Z WE T 2O M EH S X G E (L), BEopicid®iEa
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DWHIC LV HEHILEZ M) T 2FEBER(Z I 7Y F - V—THEDHLIWIET7—a—B"iR & IFEN D)
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(Foucault) B DBEIZEFEIA VAL SN HHBEL I CHEO LML VI E 5720,
M ERA»SEORBBZHET L2 LN TES

Vertical cross-section of the formation at a borehole and location of induction logging tool (Top-left). The tool
is equipped with both transmitter and receiver coils (Top-right). When a magnetic field is created through
the transmitter coil (a), induced electrical current called a ground-loop or Foucault current flows through a
ring circuit surrounding the borehole (b). Finally, an induced magnetic field is formed to prevent the Fou-
cault current at the receiver coil and produces an output electrical current (c). Because the output current is

produced as a function of input magnetic field and the apparent resistivity of the formation, the latter can be
estimated.
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MO EHRMTNE, BEPBOMEBLORESSEZWET LI LHNTED

Mechanism for detecting corrosion or scarring of casing in a vertical hole. When a magnetic field is formed
through an input coil, lines of magnetic force runs straight through the casing pipe wall at an appropriate dis-
tance from the input coil (a). The lines of magnetic force deviate at the locations of corrosion or scarring and
have a component perpendicular to the axis of the hole detected by the output coil (b). Detecting the strength
of such a deformed magnetic field indicates the location and the order of corrosion or scarring.
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A hydrogen atom has a magnetic moment (W) due to its spinning motion. The axis of the spinning
atom starts the precession motion of the Larmor frequency around the z-axis, when a static magnetic
field (F,) is applied (a). After a while, the magnetic moment is aligned in the direction of z-axis (d).
When a pulse echo or sinusoidal magnetic field (§1) with the Larmor frequency is added in the direc-
tion of the y-axis, the magnetic moment is then aligned in the direction of y-axis (e). Removing the
magnetic field (ﬁl) results in the precession motion returning to the state (d) with a transversal re-
laxation time (73) from the state (f).The relaxation time is a function of the length of the free path of

a molecule that includes the hydrogen atom (b and c).
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