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ABSTRACT

Multi-Channel Seismic (MCS) data in Andaman offshore shows a prominent bottom simulating reflector
(BSR) at a depth of ~575 meters below the seafloor (mbsf), indicating the presence of gas hydrates/free gas
in the region. Based on AVO modeling and attenuation (Q™), an attempt has been made to qualify if the
BSR is related to gas-hydrates underlain by free gas. The travel time tomography of identifiable seismic
phases has also been carried out to delineate the general distribution of gas hydrates and/or free gas along
the seismic line. The increase in seismic amplitudes at BSR, almost double to that of the seafloor, indicates
the presence of free gas below the BSR and the study of Q made at two locations (with and without BSR)
indicates the presence of gas hydrates above the BSR. These observations are further confirmed by the
results of travel time tomography where a ~200m free gas zone with a velocity of 1.4-1.7km/s is found to
be overlain by ~400m thick gas hydrate zone with a velocity of 1.8-2.2km/s.

INTRODUCTION

The presence of gas hydrates is usually inferred by seismic
experiment by identifying an anomalous reflector, known
as the bottom simulating reflector (BSR) on the seismic
section. Basically, the BSR is an interface between gas
hydrate-bearing sediments above and free gas zone below.
The presence of gas hydrate in the sediments increases
the rigidity of the sediments and thereby increases seismic
velocity (Vp), while presence of free-gas beneath the BSR
appreciably reduces the seismic velocity and produces
velocity reversal across the interface.

The seismic data in the Andaman offshore shows a
clear BSR at a depth of ~575 m below seafloor (mbsf),
that predominantly cross-cuts the local stratigraphy and is
associated with negative polarity. The unusual depth of BSR
has raised doubts about its association with gas hydrates
and needed further research to ascertain the presence of
gas hydrates. The computation of seismic attributes from
surface seismic data has demonstrated that BSR is due to
gas hydrates underlain by free gas (Satyavani et al., 2008),
which was corroborated further by drilling and coring of
Indian National Gas Hydrate Program (Collett et al., 2008).
In the present study, we attempt to characterize the gas
hydrates/free-gas bearing sediments using seismic data,
through amplitude versus offset (AVO) patterns, followed
by seismic attenuation studies to provide the evidence of
gas hydrates. In addition, we have derived a velocity-depth
section along the seismic line by employing the ray-based
travel time modeling. The AVO studies show free gas below
the BSR, while seismic attenuation provides evidence for
the presence of gas hydrates above the BSR. The results are
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in agreement with the inferences drawn from the drilling.
Further, velocity modeling has brought out a low-velocity
free gas zones overlain by a high velocity gas hydrates layer.

STUDY AREA

The Andaman basin, located in the southeastern part of
the Bay of Bengal is a portion of large geotectonic unit
that extends from Indonesian Islands in the south to
Myanmar in the north. The Andaman basin is believed to
have formed due to initiation of spreading activity in the
Central Andaman Trough (Raju et al., 2004). The principal
source of the sediment for the evolution of the hydrocarbon
system comes from the Irrawaddy River flowing in Burma,
which is the main source of sediments flowing into the
Andaman basin (Wandrey, 2006). The basin is marked by
prominent morphological features such as the Narcondam
Deep, Invisible Bank, Fore-Arc basin and consists of several
faults, grabens and seamounts (Fig.1).

The spatial distribution of discovered hydrocarbons
within the Sumatra-Andaman-Myanmar belt indicates that
the Andaman basin might host substantial gas reserves.
The hydrocarbon potential is mainly controlled by the
source rock deposition in the area (Krishnamohan et al.,
2006). The present study area lies between the Andaman
trench and the volcanic arc associated with the subduction
zones. Biogenic gas (mainly methane) related to the
sediment accretion in the subduction zones is believed
to aid the formation of gas hydrates (Chopra,1985). The
favorable water depth, rapid sedimentation, mature organic
matter, various types of faults indicate good prospects of
gas hydrates in the Andaman fore-arc region.
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Figure 1. The map of the Andaman offshore region showing the multi-channel seismic line and the bathymetry. Solid circle

shows the drill location of NGHP-01 Expedition.

SEISMIC DATA

The seismic data used for this study was collected by Oil
and Natural Gas Corporation (ONGC) in 1999 by a 384
channel streamer with a GI gun of 2,250 cubic inches as
the seismic source. The shot and receiver intervals are 25m
and 12.5 m respectively, resulting in 96 fold multi-channel
seismic data. The near trace offset is 206 m, and the far
offset is 4,987.5 m. The pre-processing steps include, band
pass filtering (8-10-80-90 Hz); true amplitude recovery
(6db/s); predictive deconvolution (2 ms prediction distance
and operator length of 160 ms). The velocity analysis is
carried out in two passes. In the first pass, the velocity
picking is done at every 2 km interval, while in the second
pass we pick the velocities at every 1 km, using the earlier
velocity as starting model. A very closely spaced (1 km)
velocity analysis is thus carried out in 2 iterations and
a smoothed velocity field is obtained. Normal move out
correction (NMO) is applied using this velocity field, with
a stretch mute of 30% and the data are then stacked. In
the post stack processing stage, we used FX deconvolution
to improve upon the continuity of the reflectors. A post-
stack Memory Stolt migration is carried out to improve
the image. The resulting stack section along the seismic
line is shown in Fig. 2.

The seismic image shows the complex patterns of
the sub-sea stratigraphy with highly folded and faulted
structures. A very prominent reflector, cross-cutting the
stratigraphic boundaries and showing a negative polarity

compared to the seafloor is identified as BSR. This reflector
is nearly parallel to the seafloor and polarity reversal can be
noticed between CDP 551 and 991, occurring at a two-way
time (TWT) of ~2,500 ms, or ~ 640 ms below the seafloor.
The depth to this reflector from the seafloor is about 575
mbsf (Fig.2). A representative seismic gather at CDP 536
is shown in Fig. 3, where the seafloor is noticed at ~1,860
ms, and the BSR is observed at 2,500 ms.

AVO STUDIES

The reflection from BSR exhibits pronounced amplitude
increase with offset (Fig.3) and this AVO pattern indicates
the presence of free gas below the BSR. The AVO study
has been effectively used as a tool for identifying gas
hydrates (Hyndman and Spence, 1992; Andreassen et
al., 1997; Ecker et al., 1998; Yuan et al., 1999). In some
cases, there is also a phase shift observed on AVO, which
represents the turning rays within the high velocity hydrate
layer above the BSR (Hyndmann and Spence, 1992). The
AVO data is usually extracted from the MCS data (Shot /
CDP gathers) and is capable of providing the information
about the compressional (P-wave) and shear (S-wave) wave
velocities of the sediment. The occurrence of gas hydrate
in sediment increases both the P- and S-wave velocities
but the presence of free gas significantly lowers the P-wave
velocity without much influence on the S-wave velocity.
The seismic reflection from the BSR exhibits a wide
range of AVO patterns depending on the saturation of gas
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Figure 2. The seismic stack section along the MCS line.

CDP GATHER 536

CDP
Seafloor
CHANNEL
25 50 75 100 125 150 /175

J|1

[I [ll

1 J 1 1

Two-way-time(ms)

vl

i

Figure 3. Shot gather CDP536 showing a clear

hydrates and their distribution above the BSR. This also
depends on the nature of distribution of free gas below the
BSR. In this study, we present only the qualitative aspect
of AVO studies by incorporating the effect of source and
receiver directivity in visualizing the seismic amplitudes.
Here, an attempt has been made to investigate the AVO
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increase in seismic amplitude with offset.

character of the BSR by taking a group of CDPs with and
without BSR. We observe a clear increase in amplitudes
with offsets for CDPs (572-574) with BSR, no significant
increase of amplitudes with offsets for CDPs (967-969)
without BSR. This shows that the sediments below the
BSR contain free-gas.
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Figure 4. The Amplitude versus offset plot for group of CDPs, (a) 572-574 (with BSR) and (b) 967-969 (without BSR)

. Fig

4a shows a clear increase in amplitude with offset, while in case of Fig 4b we don’t observe such marked increase.

SEISMIC ATTENUATION

Seismic Attenuation is the phenomenon which describes
the loss of energy due to the wave propagation through
the sediment and is characteristic of the formation usually
measured by dimensionless quality factor Q. Seismic
quality factor depends on the factors such as rock property,
fluid type and degree of fluid saturation. The increase in Q
indicates the presence of gas-hydrates (Gei and Carcione,
2003; Bellefluer, et al, 2007) and this increase depends on
the nature of distribution and amount of hydrates within
the sediments. In some cases, the presence of fluids or
coexistence of gas-hydrates and free-gas within GHSZ
decreases Q (Chand and Minshull, 2004; Priest et al,
2006). The increase in attenuation with increasing hydrate
concentration has been observed in the Mackenzie delta
(Guerin and Goldberg, 2002) and in the Nankai trough
(Matshushima, 2005; 2006) against the background.
However, these measurements are based on the sonic logs
and are not derived from the low-frequency seismic data.
The anomalously high Q with respect to the background
can be used to detect gas-hydrates and this concept has

been applied successfully to the marine seismic data (Sain
et al., 2009; Sain and Singh, 2011).

In time domain, Q is usually estimated by pulse
amplitude decay (Brzostowski and McMechan, 1992},
pulse rising time (Kjartansson, 1979), and pulse
broadening (Wright and Hoy, 1981), and all of them use
pulse amplitude information. Nevertheless, amplitude
information of seismic pulses is often influenced by
scattering, geometric spreading and other factors. In
frequency domain, approaches of Q estimation include
the logarithm spectral ratio (LSR) (Hauge, 1981; Raikes
and White, 1984; Sain et al., 2009; Sain and Singh,
2011), centroid frequency shift (CFS) (Quan and Harris,
1997), and peak frequency shift (PFS) (Zhang and Ulrych,
2002; Gao and Yang, 2007) methods, all of which require
Fourier transforms to calculate the frequency spectra of
seismic records sampled within a time window. In our
case, we have used the PFS method for computation of
the Q-factor.

As the seismic energy travels through the earth, high
frequency components are attenuated more than the low
frequency components, resulting in a shift of the peak
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frequency of the signal at the receiver. The amplitude of
the signal also decreases and pulse broadening occurs.
We have computed the Q for CDP 504 with a BSR
and for CDP 912 without any BSR to illustrate the effect
of gas hydrates on seismic attenuation or quality factor.
The frequency shift is pursued by performing amplitude
analysis for the seafloor and for the BSR in selected time
gates, and then computing the frequency spectra using
Fourier transformation. The peak frequencies of seafloor

and that of BSR are plotted on the same scale (Fig.5a &b)
and the frequency shift is measured. Q is computed at
the same offset, i.e, at 306 m for both CDP 504 and CDP
912. The attenuation coefficients for CDP 504 and CDP
912 are calculated as 0.01016 and 0.01635, respectively.
The respective quality factors are calculated as 222.51
and 148.271. The presence of BSR causes clear increase
in Q-factor or reduction in attenuation and thus indicates
presence of gas-hydrates above the BSR.
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Figure 6. (a) The travel time picks made along four prominent reflectors shown as SE L1, L2, L3 respectively (b) Ray-tracing
model showing the fit between the observed and computed travel times. Red dots show observed travel times, while the solid
blue lines are the computed travel times for each reflector and (c) The final velocity — depth model derived along the seismic
profile showing the gas hydrate and free gas layer.
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VELOCITY MODELING

A scheme for the quantification of gas-hydrate reserve is
mainly governed by the accurate estimation of seismic
velocities. Thus, the velocities obtained by detailed velocity
analysis cannot be routinely used for quantification of gas-
hydrates. Reconstruction of seismic velocities along the
seismic profile provides a good starting point for resource
estimation and constrains the quantitative estimates of
gas-hydrate volume as well as underlying free gas as a
first approximation. In the context of above, it becomes
imperative to adopt a technique that can give a reliable
velocity structure along the seismic line. Application of
tomographic technique to the MCS reflection data to
reconstruct the acoustic velocity distribution has yielded
some good results earlier (Tinivella, et al, 1996, 2000;
Thakur et al, 2007; Singh and Sain, 2012, Satyavani and
Sain,2014) and we also have adopted the same technique
here to arrive at the velocity depth structure along the
seismic line.

We have constructed the velocity depth model using
the travel times of correlatable reflected phases observed
on shot-gathers spaced at 500 m intervals along the
seismic line. The travel-time modeling is performed using
the RAYINVR method of Zelt and Smith (1992). The
inversion algorithm requires a starting velocity model for
the subsurface, which is described by two types of model
parameters, velocity nodes and boundary nodes. The latter
is used to specify the depth of interface points between
layers. These nodes are connected linearly to generate
layers and the velocity field for each layer is defined such
that it can vary linearly across upper and lower interfaces,
providing a vertical velocity gradient within the layer. A
total of 5 phases are picked on all the shot-gathers but only
four are considered in modeling, since the phase pertaining
to the diving wave (shown in red in Fig.6a) has a very
limited extent. The four phases are the ones corresponding
to the seafloor reflection (SF), a strong reflection below the
seafloor (L1), BSR (L2) and BGR (L3) (Fig.6a). The picking
of BSR was done by observing the phase reversal noticed
on the shot gathers. These travel time picks for each layer
are then matched with the computed travel times till a
reasonably good match is achieved by means of altering
the velocities and depths defined at various nodes. In other
words, the changes to the velocity /depth nodes are made
in such a way that the rms residual between the observed
and computed travel time is limited to 0.02 s.

The velocity depth model (Fig.6¢), obtained by this
procedure, shows ~200 m thick low velocity zone (LVZ)
with a velocity of 1.4-1.7 km/s underlain by a high velocity
(1.8-2.2 km/s) layer with ~400 m thickness. The high
velocity layer may be interpreted as a hydrate layer, while
the LVZ underneath can be interpreted as a free-gas layer.

RESULTS AND DISCUSSIONS

Seismic reflection data from Andaman offshore has been
examined for studying the possible presence of gas hydrate/
free gas occurrences based on identification of BSR. A
predominant increase in amplitude is noticed at the
location of BSR, which is almost double the amplitude
of seafloor reflection, indicating the presence of free gas
below the BSR. This inference agrees with the results from
recent drilling at site 17A of Expedition-01 of Indian NGHP
(Collett et al., 2008), where pressure cores have shown the
evidence of gas-hydrates and methane gas.

Seismic attenuation (Q-factor) studies also have
indicated the presence of gas-hydrates in shallow sediments.
These studies have been carried out at two CDP locations:
one with a BSR and the other without any BSR. The
Q-factors, computed in the present study for two locations
with and without BSR, are 222.51 and 48.27 respectively.
This high Q-factor can be interpreted as due to presence
of gas-hydrates, as has been demonstrated by Sain et al.
(2009) in the Kerala-Konkan basin in the western Indian
margin, and by Sain and Singh (2011) in the Makran
accretionary prism.

The P-wave velocities, estimated by ray based
modeling, show the general distribution of the gas-hydrates
/ free gas along the seismic line. Spectral analysis of MCS
data in this region indicates that the dominant frequency
is centered around 45 Hz and the frequency range from
10 to 80 Hz contributes mainly to the amplitude. The
corresponding vertical resolvable thickness (A/4) (where A
is the spatial wavelength) with acoustic velocity 2,000 m/s
for this dominant frequency is about 12 m. Under these
constraints, it may not be possible to resolve layers less
than 12 m. However, the layers for which the thicknesses
are derived from the present exercise are all greater than
this vertical resolvable limit and the results do not suffer
from this drawback. The location of the NGHP-01-17A
drill-hole is about 20 km away from this seismic line, and
as such one-to-one correlation of depths is not possible.
The free gas zone and also the gas-hydrate zone show a
gradual increase in thickness from east to west. The study
brings out a ~200 m free-gas zone with a velocity of 1.4-1.7
km/s below gas-hydrate-bearing sediments with velocity of
1.8-2.2 km/s and average thickness of ~ 400 m.
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