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deconvolution
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SUMMARY

I. Title:

Tectonic evolution and crustal deformation

of the southwestern Korean margin

II. Necessity and Objectives of the Study

1. Necessity

® Technological aspects
- Identification of the BSR (Bottom Simulating Reflector) is one of the
most widely used criteria to evaluate the existence of methane hyrates
in sediments. The gas hydrate BSR results from a sharp acoustic
impedance contrast between the high-velocity gas hydrate stability zone
above and low-velocity sesiments below that can contain free gas.
Therefore, the gas hydrate BSR in the seismic profile 1s high in
amplitude and shows reversed polarity with respect to the seafloor
reflection. These features point to the importance of the correct
knowledge of reflection coefficient and polarity of the BSR in seismic
data. While spiking deconvolution and predictive deconvolution are
conventional approaches to this goal, their implementation requires
crucial assumptions that the spectrum of reflectivity is white and the
source wavelet 1s minimum-phase. However, reflection coefficients that
define the interfaces of the subsurface show a non-white spectrum and
the source wavelet is not minimum-phase in most real cases. The

minimum entropy deconvolution (MED) introduced by Wiggins (1978)



offers a different approach to seismic deconvolution; MED seeks the
smallest number of large spikes that are consistent with the data. MED
does not require the assumptions for spiking and predictive
deconvolution methods. Despite these differences, both methods
constitute a linear approach to seismic deconvolution. The spiking and
predictive filters are obtained by inverting the Toeplitz matrix; the MED
filter is calculated in an iterative procedure in which the Toeplitz matrix
is inverted at each step. Because they are linear operators, non of them
can handle band-limited data properly.

Two main procedures to doconvolve band-limited data have been
developed. The first method is the linear programming (LLP) approach
(Levy and Fullagar, 1981). This method attempts to find the reflectivity
series with the minimum absolute norm that remain constant with the
data (Levy and Fullagar, 1981). The second approach (Lines and
Clayton, 1977) fits a complex autoregressive (AR) model to the data
spectrum and attempts to extrapolate the missing low and high
frequencies. Nevertheless, these approaches require that the source
wavelet be available and their computation is relatively unstable.

Sacchi et al. (1994) introduced a new MED method. This method not
only retains the advantages of MED but handles band-limited data by
performing a nonlinear procedure to maximize the norm for the missing
frequencies, which is not achievable using linear procedures. This
method, derived from constraints to extrapolate the frequency spectrum
of reflectivity, is defined as FMED (MED with frequency domain
constraints).

Therefore, FMED is expected to provide an efficient and useful tool
with which to identify the BSR and investigate its reflection

characteristics.



2. Objectives

- Separation of the BSR and its interpretation using FMED

- Extraction of the source wavelet
III. General Scope of the Study

- Implementation of FMED

Processing of seismic data obtained by KIGAM to recover the sparse

reflectivity series

Analysis of the BSR signal
- Extraction of the source wavelet

Analysis of BSR

IV. Results of the Study

The BSR provides indications of the presence of gas hydrates on seismic
data. In this study, FMED was implemented and applied to seismic data
obtained by KIGAM (Korea Institute of Geoscience & Mineral Resources) for
the purpose of analyzing the quantitative characteristics of the BSR.

Seismic profiles document well-imaged BSRs 210 - 220 ms below the
sea floor that parallel the sea floor. The BSRs, although estimated to have
negatively polarity, are superposed in many cases with other signals and
thus are difficult to resolve.

The result of deconvolution of seismic data using FMED demonstrates
that the effect of the source wavelet was completely removed from the
data. Consequently, amplitude and polarity of the reflections from the
seafloor and subsurface interfaces was accurately resolved. In particular,
this method was proved to be suited for resolving the BSR. The BSR in the

survey area shows large variations in amlitude. Locally, occurrence of the



double BSR is recognized.

The existence of the enhanced reflection of significant amplitude
immediately below the BSR possibly indicates structure associated with free
gas. However, the polarity of the enhanced reflection is not consistent,

pointing to further proper interpretations.

The sourve wavelet estimated from seismic data is estimated to provide
high resolution by efficiently suppressing reverberations. The main
frequency of the source wavelet is 50 Hz, adequate for detection of gas
hydrates.

Although a limited amount of seismic data was processed in this study,
the application of the implemented method is expected to be applicable to
the seismic data from the target area and benefit the exploration and

development of gas hydrates.

V. Suggestions for Applications

1. The implemented method in this study can significantly contribute to the
correct interpretation of prospective gas hydrate structure and planning of
drilling based on seismic data obtained by KIGAM.

2. It 1s imperative to know the source wavelet to investigate seismic
attenuation when free gas is present below the gas hydrate stability zone.
The esti,ated source wavelets can be very useful for seismic inversion
and analysis of data to identify free gas.

3. The use of the method in this study can help properly address the
characteristics of BSR and ensuing reflectors, thereby improving the
discovery of prospective gas hydrate structure and the success rate of

drilling.
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