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Seismic reflection data: their utility in
estimation of gas hydrates in deep
marine sediments

Uma Shankar, N. Satyavani, Babita Sinha and
N. K. Thakur*

National Geophysical Research Institute, Uppal Road,
Hyderabad 500 007, India

The occurrence and significance of low-velocity sedi-
mentary layer corresponding to free gas in the sedi-
ment beneath the bottom simulating reflector have
long been a subject of debate. Either velocity or am-
plitude information in isolation is inadequate to esti-
mate hydrate concentration. Reduction in amplitude
(amplitude blanking) calibrated by interval velocity
has been used to quantify hydrate concentration in the
Kerala—Konkan area of western continental margin of
India. The tentative estimate of hydrate in the repre-
sentative sediment has been made using the time-
average equation, in which the velocity structure of
pure methane hydrate is inferred from the seismic
data and known properties of pure hydrate.

A bottom simulating reflection (BSR) at a depth corres-
ponding approximately to the base of the methane hydrate
stability field is the most widely used indicator for the
probable presence of gas hydrate accumulations beneath
the sea bed. BSRs are observed worldwide on reflection
seismic data from continental margins'’. Models have
been developed to estimate the amount of hydrate or free
gas associated with BSR* . Only few of these models are
constrained by independent drilling or laboratory data. An
important indicator of the gas hydrates is the amplitude
reduction or blanking observed above the BSR in seismic
reflection profiles from the region of known hydrates.
The marked decrease in amplitude above the BSR was re-
lated to a reduction in impedance contrast across sedi-
mentary interfaces caused by the presence of hydrates’*®.

Seismic reflection data suggest that an extensive accu-
mulation of gas hydrate underlies the western continental
margin of India (WCMI) in the Kerala—Konkan basin’.
These gas hydrate accumulations are inferred from the
presence of a BSR that lies 400 ms two-way travel time
(TWT) beneath the seafloor (Figure 1). This depth
closely approximates the base of the methane hydrate
stability field’, indicating that this strong reflection event
marks the base of hydrate-bearing sediments. The high
reflection amplitude and reverse reflection polarity of the
BSR with respect to the sea floor reflection allow us to
infer the base of the hydrate.

Two types of analysis have been undertaken in this
study: (i) Analysis of the BSR reflection amplitude and
the nature of the BSR, and the inference of hydrate layer

*For correspondence. (e-mail: nkthakur@ngri.res.in)
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from the amplitude variation with offset (AVO) analysis,
and (ii) Saturation estimation through time-average equa-
tion. The nature of the BSR is studied through seismic
modelling of its amplitude and waveform with varying
source-receiver offsets. AVO analysis appears to be an
important indicator to infer free gas below the gas hydrate
and has been an increasingly important technique in the
oil and gas industry for the last decade. The AVO method
has been used in recent hydrate BSR studies™ "%,

Seismic line K-743 from the Kerala- Konkan basin
(Figure 2) which shows a strong BSR (Figure 1) was
studied in detail. The amount of gas hydrates in marine
sediment is estimated using the method of Laberg et al.”.
Our approach uses the interval velocity of the wave field.
The increase in interval velocity is attributed to hydrate,
and a decrease in interval velocity to regions where hy-
drate is absent.

The seismic reflection data (Figure 1) used in this study
were collected over the WCMI in the early 1990s for the
exploration of hydrocarbons by ONGCL. The data were
made available to us by the Gas Authority of India
(GAIL), to reprocess with suitable parameters and iden-
tify possible locations of gas hydrate-bearing horizons in
this area. The acquisition system included a 96-channel
seismic streamer with a maximum offset of 2575 m (active
section) and air gun array source (total volume of 1650
cubic inches). The 48-fold data were reprocessed in the
present study to preserve relative reflection amplitude.
Data processing was carried out using ProMAX-2D seis-
mic software on SUN workstations. A band-pass filter in
the range 8-10 to 60-70 Hz was applied to the data. True
amplitude recovery was done at 6 dB/s. Velocity analysis
was conducted every 2 km in general, and at specific
promising locations it was performed at an interval of
1 km. A spiking deconvolution was carried out to in-
crease resolution.

The WCMI is a typical passive continental margin,
which was generated during the break-up of eastern
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Gondwana and the separation of Madagascar, and later
the Seychelles from India about 80-65 Ma'®. The conti-
nental shelf of the WCMI is more than 300 km wide in
the northern region off Mumbai and narrows down to 50—
60 km off Kerala coast in the south. The southern section
of the WCMI is the Chagos—Laccadive volcanic ridge
(CLR), which was emplaced as a consequence of the
movement of the Indian Ocean lithosphere over the Reun-
ion hot spot trace'’. Most of the BSRs identified along
the WCMI are located either along the continental slopes
or along the flanks of the CLR'®. Of particular interest are
the acoustic wipeouts noticed at four locations in the
western offshore region, which underlie the BSRs!"18,

A strong reflection at 2950 ms TWT is observed on
one of the lines K-743 (Figure 1). The general seismic
characteristics for the observed BSRs associated with the
base of the gas hydrate stability zone are listed as fol-
lows:

(i) The BSR has strong reflection amplitude and rever-
sed polarity relative to the sea floor reflection (Fig-
ures 1 and 3). Therefore, the BSR marks an interface
at which there is a significant decrease in acoustic
impedance.

(i1) Blanking evidence is seen on the plot of normalized
amplitude (in dB) versus absolute offset (Figure 4).

LN

Figure 2. Study area in the Kerala-Konkan offshore, Western Conti-
nental Margin of India. Solid line indicates the location of the seismic
line under study. Contours represent bathymetry over the region from
GEBCO data.
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Figure 3. Common depth point gather of CDP 501, with normal
move-out from study area.

(iii) The bedding planes in this area are parallel to the sea
floor; hence the cross-cutting phenomenon generally
associated with BSR is not evident.

(iv) Amplitude just below the BSR reflection is quite
strong, indicating a sharp contrast in the velocity that
point towards the base of a free gas layer.

True-amplitude processing technique with wavelet de-
convolution were applied to optimize the quantitative
analysis of the hydrated sediment. The processing was
performed by the automatic editing method based on the
median amplitude in a common depth point (CDP)
gatherlg, with only a spherical spreading correction.
Other amplitude corrections that compensate for effects
such as attenuation and transmission loss were not inclu-
ded in this true-amplitude processing, because they may
introduce seismic artifacts that impede identification of
the hydrated sediment.

Our amplitude analysis was done in the two zones:
either the interval between the sea floor and BSR, or the
400-ms thick section immediately overlying the BSR.
Amplitude changes are based on calculation of the me-
dian reflectance defined as the envelope amplitude cali-
brated by the reflection amplitude. Details of amplitude
variation near the BSR can be examined using plots simi-
lar to those shown in Figure 4. Here each dot represents
the amplitude in an 8-ms window for five consecutive
CDPs. The solid line is the five-point median of the aver-
age amplitude of five consecutive CDPs. In other words,
the solid line is the running average of reflection ampli-
tude over a moving window that is 32 ms in duration ver-
tically by five CDPs horizontally. The decibel scale was
computed on the basis of the most convenient reflection
amplitude for the plot; therefore, we can get an absolute
value of the reflection amplitude (i.e. reflectance) directly
from the plot. Although the magnitude of the reflectance
varies with the degree of interference and frequency con-
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tent on band-pass-filtered seismic sections such as those
used in this study, it is a useful quantity in comparing
relative reflection strength along the line.

Variation of the P-wave reflection AVO amplitude ver-
sus offset or reflection amplitude versus angle is an impor-
tant indicator of the presence of free gas at an interface.
AVO studies carried out by earlier workers’?' proved
useful in determining the concentration and vertical dis-
tribution of gas hydrates. The reflection amplitude as a
function of source-receiver offset depends on the com-
pressional velocity (V)), the shear velocity (V) and the
Poisson’s ratio (PR). The AVO depends primarily on PR,
i.e. Vy/V,. The compressional waves travel from the sedi-
ment with or without hydrate have normal PR and the
sediment containing free gas with a low PR. This change
in PR gives rise to amplitude that becomes substantially
larger with increasing offset/incident angle. Thus, AVO
can be an important indicator of free gas at an interface.

Successful evaluation of the AVO results requires re-
moving the effects of geometric spreading, variation in
shot and receiver coupling, ground roll, transmission
losses, etc. on the amplitude. A number of corrections®
are necessary to compensate for all these effects and to ob-
tain the true AVO data. Air-gun source and hydrophone
receiver array attenuation are the most important for BSR
analysis. The hydrophone array attenuation depends on
the incident angle, since the near hydrophone in each
group receives the signal slightly earlier than the far
hydrophones. For a maximum angle of incidence of 45°
on the air-gun array, the amplitude reduction’ is about
20%. For the seismic streamer, attenuation is primarily
dependent on the array length.

Figure 3 illustrates the AVO behaviour. A significant
increase in amplitude with the offset can be seen distinc-
tly. AVO plots for a group of five CDP gathers from 501
to 504 are shown in Figure 5a and b. Figure 5a shows
AVO response of the sea floor, while Figure 5 b shows the
response of the BSR. The figure incorporates the AVO
response both before and after the directivity corrections.
The increase in amplitude is demonstrated clearly in the
plots that have been corrected for directivity. It may also
be observed that the increase in BSR reflection amplitudes
is quite significant when compared to sea floor reflection
amplitudes after the directivity corrections.

The effect of gas hydrates can be explained using the
time-average equation. Timur® first proposed three-phase
time-average equation to explain the compressional wave
velocity in various consolidated rocks measured at per-
mafrost (sub-zero) temperatures. Pearson et al® later
applied the equation to hydrated rocks and concluded that
it qualitatively explains the known sonic properties of
hydrated sediment in consolidated media. They used the
following three-phase time-average equation for velocity:
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where V), is compressional velocity of the hydrated sedi-
ment, ¥}, is compressional velocity of the pure hydrate,
Vy is compressional velocity of the fluid, ¥, is compres-
sional velocity of the matrix, ¢ is porosity (as per cent)
and S is the concentration of hydrate in the pore space (as
per cent).
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We used the above time-average equation to estimate
the porosities from the interval velocities. Figure 6 a and
b shows the estimated interval velocity profiles through
the zone of BSR and through the region immediately out-
side the BSR respectively, for two gathers each. The ave-
rage interval velocity at the depth of the BSR is found to
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flections.

be around 2250 ms™' from Figure 6 a. It has been reported
that in the absence of gas hydrate, the P-wave velocities
derived from the effective medium theory and from the
weighted equation are agreeable’ if the porosity is
around 30%. We assume that the average porosity within
the sediments is around 30%. Velocity of the unsaturated
rock away from the gas hydrate zone has been calculated
to be 2864 m/s from the equation 1/2250 =0.7/x + 0.3/
1500, where the water velocity (V) is 1500 m/s.

The compressional (P-wave) velocity of the pure hy-
drate has been estimated™ to be 3300-3800 m/s. Assum-
ing that the observed velocity increase from 2250 to
2450 ms immediately above the BSR is due to the pres-
ence of gas hydrates, a first approximation of the volume
comprising gas hydrate can be obtained from the time-
average equation: 1/2450 = (0.7/2864) + (0.3 —y/1500) +
(¥/3300), where gas hydrate velocity (¥},) is considered to
be 3300 m/s. From this calculation, 12% of the bulk (total)
sediment volume or 40% of the pore volume comprises of
gas hydrate. Using the gas hydrate velocity of 3800 ms '
implies that the gas hydrate comprises 10% of the bulk
volume or 34% pore volume.

According to the calculated relationship for the bulk
density and compressional wave velocity, Gasmann®’ and

CURRENT SCIENCE, VOL. 87, NO. 4, 25 AUGUST 2004

Zimmerman and King™ predict that the interval velocity
of 2450 m/s indicates a hydrate saturation of about 24%
of pore space or about 7% of the bulk volume.

We have proposed quantitative estimate of the bulk
volume of gas hydrates in the zone above the BSR. Figure
4 relates amplitude blanking of seismic velocity, concen-
tration of gas hydrate in pore spaces, and the concentration
of representative hydrated sediments above and below a
reflecting surface. Our results are consistent with the am-
plitude blanking and average interval velocities measured
in the Kerala-Konkan area of WCMI from multi-channel
seismic data. Estimation of the volume of hydrates (or
methane) contained within the sediment above the BSR
can be made from the hydrate concentrations.

The primary effect of hydrate concentration on the
acoustic properties of marine sediment is an increase in
interval velocity. Quantitative analysis of interval velo-
city can be used to estimate the bulk volume of gas hy-
drates. Another seismic attribute of hydrate concentration
is amplitude blanking (Figure 4). This phenomenon is ob-
served on WCMI; a reflection seismic section clearly
shows the presence of the BSR. Attempts have been made
to estimate the hydrate saturation using this seismic sec-
tion. AVO studies have been made in order to ascertain
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the mode of formation of the BSR. The presence of a low
velocity layer may be indicative of the presence of brine-
saturated sediment or a thin layer saturated by free gas.
Initial estimates show that the gas hydrate saturation may
be in the range 10-12% of the bulk volume. The esti-
mates derived from theoretical studies are lower, around
7% of the bulk volume.
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Coda duration magnitude scale of 2001
Bhuj aftershocks, India
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Analogue seismograms of 120 aftershocks of magnitude
exceeding 4.0 recorded on the short-period vertical
seismometer at Hyderabad seismic observatory have
been used to obtain a coda duration magnitude scale
for Bhuj earthquakes, which includes the higher order
terms of log,yT, where 7T is the coda length in seconds.
In order to reduce the ambiguity in estimating coda
duration, four background noise levels (1, 2, 6 and
10 mm) are experimented. We found that the duration
magnitudes for 2 mm background level are more sta-
ble than those for 1, 6 and 10 mm. The new coda dura-
tion magnitude (M,) scale for 2 mm level was obtained
using regression analysis. The estimated M, values are
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