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Computation of Apparent Resistivity from Marine Controlled-source Electromagnetic
Data for Identifying the Geometric Distribution of Gas Hydrate
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Abstract: The sea layer in marine Controlled-Source Electromagnetic (mCSEM) survey changes the conventional
definition of apparent resistivity which is used in the land CSEM survey. Thus, the development of a new algorithm,
which computes apparent resistivity for mCSEM survey, can be an initiative of mCSEM data interpretation. First, we
compared and analyzed electromagnetic responses of the 1D stratified gas hydrate model and the half-space model below
the sea layer. Amplitude and phase components showed proper results for computing apparent resistivity than real and
imaginary components. Next, the amplitude component is more sensitive to the subsurface resistivity than the phase
component in far offset range and vice versa. We suggested the induction number as a selection criteria of amplitude
or phase component to calculate apparent resistivity. Based on our study, we have developed a numerical algorithm, which
computes appropriate apparent resistivity corresponding to measured mCSEM data using grid search method. In addition,
we verified the validity of the developed algorithm by applying it to the stratified gas hydrate models with various model
parameters. Finally, by constructing apparent resistivity pseudo-section from the mCSEM responses with 2D numerical
models simulating gas hydrate deposits in the Ulleung Basin, we confirmed that the apparent resistivity can provide the
information on the geometric distribution of the gas hydrate deposit.
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Fig. 1. Conceptual diagrams of three-layered model (a) and 1D layered gas hydrate model (b).
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Fig. 2. The real (a) and imaginary (b) components of three-layered
model shown in Fig. 1 (a) as a function of the resistivity of half-
space. The real and imaginary responses of the gas hydrate model
shown in Fig. 1 (b) are superimposed as dashed lines on those of
the three-layered model, respectively. The transmission frequency
was 5 Hz and Tx-Rx offset was 2000 m. The depth, thickness and
resistivity of gas hydrate layer are 50 m, 100 m and 8.0 Q'm.
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Fig. 3. The RMS error curve depending on the resistivity of the
half-space with transmission frequency of 5 Hz and Tx-Rx offset
of 2000 m. The RMS error values are calculated by using the
equation (1).
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Table 1. Induction numbers with the variation of the transmission
frequency and the Tx-Rx offset when the normalized sensitivity of
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Fig. 7. A flow chart of apparent resistivity computation algorithm
using the mCSEM data. The auxiliary parameter i represents the
stage of inversion process. Model parameters are discretized
logarithmically in the first stage (i,;=1) and then, linearly in the
second stage (i,=2). We used the estimated apparent resistivity in
the first stage as a reference for the central value of the model
parameter interval in the second stage.
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Fig. 8. The computed apparent resistivity curves when the
resistivity of the layer including gas hydrate varies. Both depth and
thickness of the layer including gas hydrate are set to 100 m.
Transmission frequencies are 15 Hz (a) and 5 Hz (b), respectively.
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Fig. 9. The computed apparent resistivity curves when the depth of
the layer including gas hydrate varies. The thickness and resistivity
of the layer including gas hydrate are set to 100 m and 8.0 Q'm,
respectively, Transmission frequencies are 15 Hz (a) and 5 Hz (b),
respectively.
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Fig. 10. The computed apparent resistivity curves when the
thickness of the layer including gas hydrate varies. The depth and
resistivity of the layer including gas hydrate are set to 100 m and
8.0 Q'm. Transmission frequencies are 15 Hz (a) and 5 Hz (b),
respectively.
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Fig. 11. The conceptual diagrams of two different 2D gas hydrate
models. The model (a) represents gas hydrate formed in column
structure and (b) represents gas hydrate formed in sandy layer just
above BSR.
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Fig. 12. The pseudo-sections of the apparent resistivity for gas
hydrate model formed in column structure shown in Fig. 11 (a) for
the transmission frequency of 15 Hz (a) and 5 Hz (b).
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Fig. 13. The pseudo-sections of the apparent resistivity for gas
hydrate model formed just above BSR shown in Fig. 11 (b) for the
transmission frequency of 15 Hz (a) and 5 Hz (b).
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