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ABSTRACT : With the evidence that gas hydrate can prove to be the goldmine of the future, every country has taken the
initiative to carryout research activity for its exploration and future exploitation. It’s presence over the large areas can be detected
much more effectively by acoustic method using seismic reflection where Bottom Simulating Reflector (BSR) forms one of the
major criteria for its identification. Here, I have analyzed two seismic profiles for the existence of gas hydrates and free gas
underneath the BSR. They were ultimately modeled in interval velocity Vs time section to find out the strength of BSR and zone
of free gas. Based on these models a comparison between zone having BSR with free gas/ no free gas and those having no BSR
was carried out.

INTRODUCTION

Gas Hydrates are the ice like crystalline lattice of
water molecules with gas molecule trapped inside. Given
favorable condition of temperature, pressure, availability of
free methane gas and water these clathrates can be formed
and remain stable. These conditions exist at deep marine
environment in sea bottom sediments at water depth below
500 m and in onshore permafrost regions. Hence, their
occurrences are restricted to these areas. The most significant
aspect of these hydrates is their economic importance, as they
contain energy which may surpass the energy contained in
total fossil fuel on earth. (e.g. oil, gas , coal etc.). Presence of
gas hydrates cements the pore spaces of the sediments and
which, may act as cap rock for free gas underneath.

Their main identification comes from BSR which
forms a strong reflecting horizon and simulates the reflection
due to strong impedance contrast. It is interpreted as the
boundary that coincides with the lower limit of Gas hydrate
stability zone (GHSZ). The transition from the overlying
normal section to the gas hydrate is gradual from about 1.5
km/sec with no associated reflection. As the sediments above
the BSR may contain pure gas hydrate or gas hydrate and a
free gas/brine mixture hence they show increase in velocity
which can reach up to 3.4 km/s (double that of normal sediment
condition). Similarly, the sediment below the BSR may contain
brine or a free gas/brine mixture. Therefore it marks a sharp
transition between the hydrate and underlying sediments with
brine or a brine/free gas mixture where the velocity can fall
again up to 1.5km/sec , hence the polarity of BSR was observed
always to be opposite to that of the seafloor reflection
indicating that the gas hydrate phase is harder than the
underlying rock.

After a careful detailed velocity analysis RMS
velocities can be converted into interval velocity. This interval

velocity provides the valuable information about the depth of
BSR and the existence of free gas underneath (Fig 1). The
same information can be utilized to find the strength of BSR
and its saturation (Eker et.al, 2000).

BRIEF THEORY FOR INTERVAL  VELOCITY
ANALYSIS

Normal moveout (NMO) is the basis for determining
velocities from seismic data. Computed velocities can in turn
be used to correct for NMO so that reflections are aligned in
the traces of a CMP gather before stacking, from equation (1)
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We can develop a practical way to determine stacking
velocity from a CMP gather since above equation represents
a line in t2(x) versus x2 plane. The slope of the above line is 1/
v2 and the intercept values at x = 0 is t(0).The t2-x2 velocity
analysis is reliable way  to estimate stacking velocities . The
accuracy of the method depends on the signal to noise ratio,
which affects the quality of picking.

An alternative technique for the velocity analysis is
“constant velocity scan”. Here, the CMP gather is repeatedly
NMO corrected using a range of constant velocity values
between particular ranges. The NMO corrected gathers are
displayed beside each other in the form of a panel .The event
is over corrected at small velocities and under corrected at
high velocities. The event is flat on the exact NMO corrected
gather that corresponds to a particular velocity; thus that is
stacking velocity for the event. Velocity estimation from
seismic data is limited in accuracy and resolution hence various
factor such as spread length, stacking fold, S/N Ratio, muting,
time gate length,  velocity sampling, bandwidth of data etc
must always be taken into account during processing.
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METHODOLOGY FOR DATA PROCESSING AND
ANALYSIS

The pre computed deconvolved data of one of the
seismic profile lines is given as input for velocity analysis.
The velocity analysis program was executed to generate the
semblance, which has mainly four panels that helps us in

interactive picking of different reflecting horizons. Velocity
panel has velocity vs time plot with probable range of
velocities to be picked and its guide to help us out in interactive
picking. Other panels are total offset panel, dynamic offset
panel and function panel.  Before picking the velocity for a
particular horizon much care should be taken to differentiate
between noise and reflecting horizon and proper correlation
of previous events should be made. The velocities picked from
this semblance panel for different reflecting horizons represent
vertical average (RMS) values (Fig.2) of the actual (interval)
velocities. We require the interval velocity in order to make
interpretations and derive some conclusion. The conversion
from average (RMS) to interval velocities (using Dix Eq.)
was done with and inversion program ‘velocity manipulation’.
Among the various interval velocity profile plots obtained
across CDP’s  few are presented in the fig 4 and 5.This program
can also be used to produce a smooth interval velocity field
which fits the picked average velocities. The file generated
through the interactive picking is viewed for horizontal
velocity analysis through ‘velocity viewer point editor’ in order
to see continuity of the event (BSR) and its instantaneous
values of velocities at that particular depth and time. Lateral
smoothing length of (80 -160) m and a vertical smoothing
length of (25-50) ms was used for smoothening.

At a few areas much larger velocity anomalies were
seen which can be related to rock properties. A clear inversion
of velocity is visible in few of CDP’s (e.g. in Fig 3) which
may provide fruitful indication of free gas underneath.

RESULT AND DISCUSSION

In the normal sediments condition, the velocity field
is characterized by an increase in velocity with time. This

Figure 1: (a) Seismic record, showing the presence of gas
hydrate within the sediment (above). Variations of
the weak reflections above the BSR correspond to a
varying content of gas hydrate in the pores. Below
the BSR there are strong reflections caused by free
gas in the pores. (b) A seismic interval velocity model
(below).

Figure 2: Plot of the RMS velocity Vs time for the CDP 340 obtained
from the velocity analysis.
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velocity when converted in physical interval velocity model
using Dix equation can be used for any fruitful interpretation.
For the present case the resulting interval velocity field was
analyzed for both the profile lines and the results obtained for
one of the CDP’s are shown (Fig 4 and 5). Velocity increases
from 1.5 km/s at the sea bottom to approximately 2.0 km/s
above the BSR. A similar velocity increase is commonly
observed in the sediments containing gas hydrates as discussed
earlier (Minshull et al., 1994, Anderson et al., 1995), then
beneath the BSR velocity suddenly  drops to approximately
1.5 to 1.6 km/s. This abrupt fall in the velocity may indicate
the presence of free gas sediments ( Eker et al , 2000). Velocity
drop is consistent with the negative reflection polarity usually
obtained in the case of BSR (Fig. 3). If no BSR exists (as in
normal condition with no gas hydrate), velocity steadily
increased with depth and no pronounced anomalies are present
(Fig. 4). Both the line showed a gradual increase of velocity
with depth except in a few areas where velocity inversion
(similar to Fig 3 and 5) was detected.

There is a clear evidence from the interval velocity
obtained for CDP 340 (Fig. 5) that there is a steep fall  in the
velocity at time about 2900 ms in velocity time plot . This
anomalous fall in the velocity below BSR can be explained
due to the existence of free gas underneath. This fall again
rises to high velocity of 2.7m/s at 3000 ms that may indicate
the zone of transition from lower gas to brine saturated
sediments. The velocity increase from 1.5 to 1.9 km/s at about
2700m/s may be indicative of transition from normal brine
saturated sediment to sediment filled with gas hydrates in its
pore spaces. The magnitude of increase in velocity about the
BSR may provide indication about saturation of sediments by
gas hydrates (Ecker et al. 2000). Nearly same picture was
available from other CDP’s  also. However this can be a
preliminary indication for the existence of gas hydrates and
free gas. A much detailed analysis using AVO, frequency
analysis and   waveform modeling is needed to derive some
decisive conclusion.
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Figure 3: showing the inversion in velocity at 2890 ms. This decrease
in velocity up to 1.5 km/sec at 2900 ms may be associated
with sediment properties and presence of free gas
underneath.

Figure 4: Model for the Interval velocity plot obtained for normal
sediments (with no BSR/gas hydrate) shows a gradual
increase in interval velocity.

Figure 5: Model for the  Interval velocity plot obtained  for sediment
filled with gas hydrates indicated by  increase in velocity
at 2690 ms then abrupt fall in velocity at about 2900 ms
may be indicative of sediment filled with free gas
underneath BSR.
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