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Summary

The most commonly used marker for the investigation of gas-hydrates is the Bottom simulating Reflector (BSR)
that is caused by the hydrated sediments underlain by either brine or free-gas saturated sediments. To understand the nature
of BSR and to quantify the amount of hydrates and/or free-gas across the BSR, we theoretically compute the AV O intercept
(A) and gradient (B) from BSR for various gas-hydrates models. The study demonstrates that the crossplot of A and B
attributes can be used as an excellent indicator to detect free-gas below the BSR. We apply the approach to aseismic datain
the Makran accretionary prism (Arabian Sea) and the result indicates that the BSR is due to ~10% hydrated sediments

underlain by ~5% free-gas saturated sediments.

I ntroduction

Gas-hydrates have attracted the worldwide
attention dueto their natural occurrencesin the permafrost
and outer continental margins; potential as future energy
resources, rolein climate change and submarine geo-hazards
etc. Hence, the identification and quantification of gas-
hydratesare very essential to eval uate the resource potential
and assess the geohazards. Associated with the base of
hydrates stahility field isthe anomal ous bottom-simulating
reflector (BSR) on aseismic section, identification of which
establishes the presence of gas-hydrates in an area
(Hyndman and Spence, 1992; Minshull et al., 1994; Lee et
al., 1996; Sain et al., 2000). Seismic reflectionsfromaBSR
exhibit a wide range of amplitude versus offset (AVO)
characteristics that depends upon the amount of hydrates
and free-gas saturations. AV O attributesfrom thelithologic
boundaries have gained considerable popularity for
predicting the lithology and reservoir characterization
(Castagna and Backus, 1993; Castagna and Smith, 1994,
Castagnaet a., 1998) but the attributesfrom aBSR, which
isaphysical contact between the hydrated sediments above
and the brine- or gas-saturated sediments below, have not
been exploited properly for theinvestigation of gashydrates.
So we make an attempt to exploit the AVO characteristics
for various gas-hydrates modelswith a view to understand
the nature of BSR and to assess the amount of hydrates
and/or free-gas. We compute the AV O intercepts (A) and
gradients (B) for various hydrates model s and demonstrate
through afield example that the crossplot of A and B from
BSR can be used as an excellent indicator to detect free-
gas below the BSR and to quantify the amount of hydrates
and/or free-gas.

Theory

The P-wave reflection coefficient, R(q) from a
planeinterface can be expressed through the AV O intercept,
A and the AV O gradient B asafunction of incidence angle,
g (Shuey, 1985) up to ~30° angle as
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VP VS and r are the P-wave velocity, S-wave
velocity and density respectively. The subscript 1 and 2
represent the top and bottom layers of the interface
respectively.

To calculate the P-wave velocity for hydrates
bearingsediments, we use the three-phase weighted equation
of Lee et al. (1996) with weighting factor of W=1.155,
exponent N=1 and porosity ¢= 40%. The S-wave wave
velocity of hydrated sediments is calculated using the
formula of Castagna et al. (1985) as

V.= 116V, - 1.36 (5)

We calculate the P- and S-wave seismic velocities
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for hydrated sediments by changing the concentration of
hydrates only keeping fixed values of al other constants as
used by Lee et al. (1996). The P- and S-wave seismic
velocities of gas-saturated sediments are cal culated using

theformulaof Minshull et al. (1994) by varying the saturation
of gasonly. Sincethe density of hydrates or freegas saturated
sediment remains unaffected, we use Dr=0 in equation (3).

First we compute the P- and S-wave seismic
velocities and then the AV O attributes from a BSR caused
by hydrates underlain by brine saturated sediments using
the expressions (2) and (3) by varying the saturation of
hydrates from 0 to 100% at interval of 5% above and 0%
free-gas or 100% brine saturation below the BSR. The
crossplot of A and B is displayed in Figure 1, and thisis
treated asthe background to predict free-gasbel ow the BSR.
Next we computethe A and B attributesfrom aBSR caused
by hydrated sediments underlain by free-gas bearing
sediments by varying the saturation of hydrates from 0 to
100% at interval of 5% with fixed saturation of 2%, 5%,
10%, 15% and 20% free-gas bel ow the BSR. The crossplots
aredisplayedin Figure 1, which showsthat the saturation of
free-gas above 10% cannot be distinguished from each other
based on AV O attributeswhatever the saturations of hydrates
are. Thefigure also showsthat the crossplot of A and B for
hydrate/brine BSR fallsin the 2nd quadrant (negative A and
positive B) and passes through the origin with agradient of
~ 45°. However, the crossplots of A and B deviates clearly
from the background trend, evenin presence of small amount
(<2%) of free-gas. Thus, the crossplot of A and B can be
used asanindicator for free-gas below the BSR, irrespective
of hydrates saturation. For hydrates/free-gas BSR, both A
and B show negative values up to ~50% hydrate saturation,
and thereforesignifiesasaclass||| type gas sandsindicator.
For hydrate saturation above 50%, A is large negative and
B ispositive, which can be classified asan indicator of type
IV gas sands (Castagna et al., 1998).

Exanpl e

We compute theAV O attributesfromthe MCS data
in the Makran accresionary prism (Arabian Sea) where
widespread occurrences of BSRs have been reported (Sain
et al. 2000). TheBSR isidentified at about 2.8 —-2.9s TWT
on the seismic section (Figure 2a) where water depthis~1.7
km. The data has 24 folds with maximum offset of 2.56 km.
A representative CDP gather at CDP 4380 showing
reflections from seafloor and BSR (upper panel), and the
first multiple of seafloor reflection (lower panel) isdisplayed
in Figure 2b.
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Fig.1: Theoretical crossplots between the AVO intercept, A and the
gradient, B for hydrate saturation varying between 0 to 100%
with fixed saturation of (i) 0%, (ii) 2%, (iii) 5%, (iv) 10%, (V)
15% and (vi) 20% free-gas.
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Fig. 2. (a) Seismic section between CDPs 4275 to 4525 in the Makran
accretionary prism showing reflections from the seafloor and
BSR. Inset shows the study area. (b) Representative NMO
corrected CDP gather at CDP 4380 showing reflections with
offsets from the seafloor and BSR (upper panel), and the first
multiples of the seafloor (lower panel) in the Makran
accretionary prism.
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Thevaluesof A and B for BSR are computed using
equation (1). The BSR reflection coefficients, bsr R are
calculated using the Warner’s approach (1990) as

A, R (6)
A,

Where, Absr = the amplitude of the BSR.
Rs= Am /Ap = the seafloor reflection coefficient,

R, =

A, = the amplitude of the first multiple of the seafloor
reflection,
A= the amplitude of the seafloor reflection.

Data are processed and amplitudes of the seaflaor,
BSR and first multiples of seafloor are picked by using
ProMax - a commercial seismic data processing software.
The spherical divergence correction is applied to the data
before picking amplitudes from NMO corrected CDP
gathers. Depth to the BSR is obtained by converting the
TWT-RMS velocity function (derived by the velocity
analysis) into the velocity-depth function by well-known
Dix’s formula. To correct the transmission losses at the
seafloor, the reflection coefficients of the BSR are multiplied
by the factor 1/(1-R? ) (Fink and Spence, 1999). For the
calculation of AV O attributes, we select 100 CDPsfrom 4350
to 4450 where the BSR is strong. To get reflection
coefficients with angle of incidence, offsets are converted
into angles as

8= Sin~" \x/ -.r'-: X" +2°)] (7)

Where , x and z are the angle of incidence, half-
offset and depth to the reflector respectively. Using equation
(6), we calculate the reflection coefficients for each trace of
the CDP gathers, plot the values against sin26 and draw the
best-fit regression line (Figure3) to determine the A and B
attributes shown in Figure 1.

ncl usi ons

Theoretical calculation of AVO attributes A and
B from BSR for various gas-hydrates model s demonstrates
that the crossplot of A and B can be used as an important
tool to detect free-gas below the BSR. The crossplot also
indicates that the gas sand beneath the BSR can be
interpreted as Class |11 type gas sand for hydrate saturation
up to ~50% and as Class 1V type gas sand above 50%
hydrate saturation. The estimated A-B valuefor theBSRin
the Makran accretionary prism deviates from the

ey

Fig. 3:Reflection coefficients, R() versus Sin2 plotsfor 100 CDPgathers
in the Makran accretionary prism.

background trend and falls on the 3rd quadrant indicating
free-gas below the BSR. From the theoretically calculated
nomograms of A-B crossplots, we estimate the amount of
hydratesto be 10% underlain by 5% free-gas. More accurate
estimation of hydrates and free-gas in the study area is
possible, provided we know the porosity, matrix velocity
and values of other constants accurately.
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