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ABSTRACT

Gas-hydrates are crystalline form of 99% methane and 1% water. They have attracted the attention
of geo-scientific community due to their abundant occurrences in the outer continental margins
and permafrost regions, and huge energy potential as a viable major energy resource of future.
The bathymetry, seafloor temperature, total organic carbon content, sediment-thickness, rate of
sedimentation, geothermal gradient imply that shallow sediments of Indian margin are good hosts
for gas-hydrates. The methane within gas-hydrates has been prognosticated to be more than 1500
times of India's current natural gas reserve. If we produce only 10% from this gigantic treasure, it
can meet India's overwhelming energy requirement for about 100 years. Thus, it was felt necessary
to map the prospective zones of gas-hydrates and evaluate their resource potential to boost the
exploitation program. We have prepared the theoretical map of gas-hydrates stability thickness
along the Indian margin, at the base of which is observed an anomalous seismic reflector, known
as the bottom simulating reflector or BSR on seismic section in the presence of gas-hydrates.
Through analysis and scrutinizing of multi-channel seismic (MCS) data, we have detected the
BSRs in the Krishna-Godavari (KG), Mahanadi and Andaman regions respectively. Gas-hydrates
in these regions have later been recovered by drilling and coring under the Expedition-01 of
Indian National Gas-Hydrates Program. This has motivated our efforts to develop methods for
the delineation, characterization and assessment of gas-hydrates. By computing seismic attributes
like reflection strength, blanking, attenuation and instantaneous frequency, we have demonstrated
that these attributes can be used for qualifying and characterizing a gas-hydrate reservoir. We have
developed several approaches based on seismic travel time tomography, full-waveform inversion,
amplitude versus offset modelling, impedance inversion, each coupled with rock-physics modeling,
and applied them to seismic data for delineation and quantitative assessment of gas-hydrates in
KG, Andaman and Mahanadi basins. We have also acquired high resolution MCS and wide-angle
ocean bottom seismic (OBS) data by specially designing an experiment using the state-of-the-art
acquisition system in unexplored areas, and delineated new prospective zones of gas-hydrates
in the Mahanadi and KG offshore. Recent success in test production of methane gas from gas-
hydrates through carbon dioxide replacement method in the permafrost of Alaska (USA) and by
depressurization method in the Nankai Trough off Japan has increased tremendous interests in
the national gas hydrates programs of India and many other countries like South Korea, China,
Taiwan, New Zealand, Australia, Canada, Germany etc. It is expected that the gas-hydrates will
be produced commercially by 2020.

INTRODUCTION

The growing demand of carbon emission-free energy
and depletion of fossil fuels necessitate looking for
an alternate source for sustainable development of
energy-starving countries like India. The extremely
large volume (1-120 x 10** m?®) of methane trapped
within global reserve (Boswell and Collett, 2011)

as gas-hydrates seem to be a viable major energy
resource of future. Gas-hydrates are crystalline
substances consisting of 99% methane and 1% water,
and are formed in the outer continental margins and
permafrost regions at high pressure and moderately
low temperature when methane concentration
exceeds the solubility limit (Sloan, 1998). At standard
temperature and pressure 1 volume of gas-hydrates
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Figure 1. (a) Gas hydrate-bearing sediments, (b) One unit of gas hydrates is equivalent to 164 units of gas and

0.8 unit of water at STP

is dissociated into 164 volume of methane and 0.8
volume of water (Fig.1). The energy potential of
gas-hydrates is so huge that even 15% production
from global reserve can meet the world's energy
requirement for about two hundred years (Makogon
et al.,, 2007). Since methane is the cleanest of all
hydrocarbon fuels, its use will cause less pollution to
the atmosphere. Thus, it is desirable to identify the
most prospective zones of gas-hydrates and evaluate
their resource potential before the techniques for
commercial production of gas from gas-hydrates are
fully developed.

Globally, gas-hydrates have been identified from
geophysical, geochemical and geological surveys,
and by drilling and coring (Boswell and Saeki, 2010;
Ruppel, 2011). Geophysically, gas-hydrates can
be found out by identifying an anomalous seismic
reflector, known as the bottom simulating reflector
or BSR, on a seismic section (Fig.2). The BSR is
the main proxy for identifying gas-hydrates from
seismic data, and is often associated with the base
of gas-hydrates stability zone. Many countries in
the Asia-Pacific region such as India (Collett et al.,,
2008), Korea (Park et al., 2008), China (Zhang et al.,
2007) and Japan (Tsuji et al., 2009) have launched
successful deepwater gas-hydrate drilling expeditions,
and established presence of gas-hydrates in respective
regions. After having identified signatures of gas-
hydrates off SW Taiwan by various geo-scientific
investigations (Liu et al., 2006), Taiwan has initiated
for an IODP level drilling program. Deep-water
hydrate drilling operation in Malayasia has also
been launched (Hadley et al., 2008). The status of
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gas-hydrates research and development in the Asia-
Pacific region is available in a recent review article
by Matsumoto et al. (2011).

STATUS OF GAS-HYDRATES RESEARCH IN
INDIA

The Ministry of Petroleum & Natural Gas and
the Ministry of Earth Sciences have formulated
the national programs. The Directorate General of
Hydrocarbons, Oil and Natural Gas Corporation
Limited, Oil India Limited, Gas Authority of India
Limited, National Geophysical Research Institute,
National Institute of Oceanography, National
Chemical Laboratory, National Institute of Ocean
Technology, Indian Institute of Technology at
Kharagpur, Kanpur and Chennai, Indian School
of Mines at Dhanbad are actively working for the
identification and quantification of gas-hydrates along
the Indian shelf followed by technology development
for safe production.

In India, gas-hydrates were first recognized by an
ONGC personnel (Chopra, 1985) in the Andaman
region. The bathymetry, seafloor temperature,
total organic carbon (TOC) content, sedimentary
thickness, rate of sedimentation, geothermal gradient
indicate that shallow sediments along the Indian
shelf are good hosts for gas-hydrates (Sain and Gupta,
2008; Sain and Ojha, 2008). A total volume of ~1900
trillion cubic meter of methane gas, stored in the
form of gas-hydrates, has been prognosticated (Collett
et al., 2008) within the vast exclusive economic zone
(EEZ) of India. This volume of gas is greater than
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Figure 2. Specimen seismic sections in (a) Mahanadi and (b) KG basins showing prominent BSRs (marker for

gas hydrates) (from Sain and Gupta, 2012))

1500 times of India’s current natural gas reserve. If
we produce only 10% from this huge deposit, we can
overcome India’s burgeoning energy requirement for
about one hundred years.

The gas-hydrates stability thickness map was
first prepared using the-then available seafloor
temperature, geothermal gradient and bathymetry
data. We have recently modified the map (Fig.3) by
incorporating new data generated later on (Sain et
al., 2011). Since the BSR is often associated with the
base of gas-hydrates stability zone, this map helps
for identifying BSRs and hence gas-hydrates using
seismic data.

By analyzing available multi-channel seismic
(MCS) data, the BSRs have been identified in the
Krishna-Godavari (KG), Mahanadi and Andaman
regions in the Bay of Bengal (Sain and Gupta, 2008;

Sain and Ojha, 2008). The drilling and coring by
expedition-01 (Collett et al., 2008) under Indian
National Gas Hydrates Program (NGHP) have
validated the ground truth in Miocene to Pleistocene/
recent sediments where gas-hydrates were predicted
from surface seismic data in the Bay of Bengal. The
KG, Mahanadi and Andaman basins are considered
as the most prospective basins in India. This has
boosted to advance further research for the detection,
delineation and evaluation of gas-hydrates followed by
a strong initiative for production in an environmental-
safe manner. Though gas-hydrates have not been
recovered at one hole in Kerala-Konkan basin by the
expedition-01, the geo-scientific investigations along
with parameters like the sediment thickness, rate of
sedimentation and TOC indicate prospects of gas-
hydrates in the Saurashtra, Kerala-Konkan, Kerala-
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Figure 3. The most prospective zones (Krishna-Godavari, Mahanadi and Andaman) and less-explored but potential
zones (Kerala-Konkan, Saurashtra, Kerala-Laccadive and Cauvery) of gas hydrates are superimposed on the gas-
hydrates stability thickness (GHST) map along the Indian shelf with the EEZ (dashed line) boundary (modified
after Sain et al., 2011). Lightest pink represents the minimum (0) and darkest blue represents the maximum

(700) GHST in m below sea floor (mbsf])

Laccadive and Cauvery basins (Veerayya et al., 1998;
Rastogi et al., 1999; Ramana et al., 2006; Sain and
Gupta, 2008). These less explored basins need to be
taken up for detailed investigation of gas-hydrates.
All these zones are superimposed on the gas-hydrates
stability thickness map (Fig.3) to get a bird's eye view
of potential basins along the Indian margin.

A suite of geophysical approaches has been
developed for the detection, delineation and
quantification of gas-hydrates, and their applications
have been shown with field examples (Sain et al.,
2000, 2009, 2010; Satyavani et al., 2003, 2008;
Shankar and Sain, 2007; Ojha and Sain, 2008, 2009;
Ojha et al.,, 2010; Ghosh et al., 2010a, b; Sain and
Singh, 2011; Sain and Gupta, 2012; Singh and Sain,
2012; Satyavani and Sain, 2013; Shankar et al., 2013;
Wang et al., 2013).

Since seismic velocity of pure gas-hydrates is very
high compared to the normal oceanic sediments in
which they occur, the gas hydrate-bearing sediments
exhibit high velocity anomaly that can be used
in delineating the zones of gas-hydrates from
seismic data (Ojha and Sain, 2009; Singh and Sain,
2012). Quantification of gas-hydrates, which has
been recovered in fractured shale in KG basin by
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Expedition-01, has been a challenge. By employing
the effective medium modeling, we have estimated
the average saturation of gas-hydrates as 38% from
sonic velocity, which varies vertically between 60 to
140 m below sea floor (mbsf) (Fig.4). The results for
anisotropic background (due to fractures) match quite
well with the pressure core data available at 78 mbsf.
If sonic velocity is not available, very accurate seismic
velocity can be estimated using the full waveform
inversion of seismic data (Sain et al., 2000). By
employing the effective medium modeling to such
velocity, gas-hydrates can be estimated by rock
physics modeling as has been demonstrated by Sain
et al. (2010) in the northern Cascadia margin, where
gas-hydrates have been quantified as 30% for non-
contact and 20% for contact models respectively. As
seismic Q varies with the saturation of gas-hydrates
and free-gas, we propose that the estimated Q (Sain
and Singh, 2011) against the background Q can be
used for the qualification and quantification of gas-
hydrates and free-gas in a similar manner that has
been adopted for the quantification of gas-hydrates
using seismic velocity (Ojha and Sain, 2007; 2008).
Encouraged by the drilling and coring results of the
NGHP Expedition-01, we have collected a large
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Figure 4. Seismic section in KG basin showing BSR. Gas hydrates have been recovered in fractured shale through
drilling at site NGHP-01-10. (a) Sonic velocity used by effective medium modeling for estimating saturation of gas
hydrates; (b) saturation of gas hydrates with subsurface depths in m below sea floor (mbsf) for a fractured porosity
of 5% in isotropic and anisotropic background respectively. Solid circle shows the estimation from pressure core

data (modified after Ghosh et al., 2010a).

volume of MCS and ocean bottom seismic (OBS) data
in unexplored areas of the KG and Mahanadi basins in
2010 under the sponsorship of the Ministry of Earth
Sciences, Govt. of India. The preliminary analysis
shows wide-spread occurrences of BSRs (Fig.2), and
thus reveals new prospective zones of gas-hydrates
in KG and Mahanadi basins (Sain et al., 2012; Sain
and Gupta, 2012). We have also procured MCS data
in the Andaman region from the Directorate General
of Hydrocarbons under NGHP. By employing the
indigenous approaches to the MCS data in the most
prospective KG, Mahanadi and Andaman basins, we
have been pursuing research for (i) characterizing
gas-hydrate reservoirs; (ii) delineating the zones of
gas-hydrate-bearing sediments; (iii) quantifying the
amount of gas-hydrates; and (iv) understanding the
petroleum system associated with gas-hydrates with
a view to provide best locations for ground truth
validation, and subsequent production at later date.
After successful production test in Alaska (onland)
by US Department of Energy (USDOE); Japan Oil,
Gas and Metals National Corporation (JOGMEC);
and ConocoPhillips in 2012 by injecting a mixture
of carbon dioxide and nitrogen into gas-hydrate
reservoirs, and very recently in Aichi Prefecture
(Tapan offshore) by JOGMEC and National Institute of
Advanced Industrial Science and Technology (NIAIST)
in Japan in 2013 using depressurization method,

huge interests have spread into the national program
of India and many other countries for evaluating
the resource potential using geo-scientific methods
followed by technology development for commercial
production of gas-hydrates. It is obvious that
production technology depends on regional geology
and environment. It is to be noted that study of gas-
hydrates is also important from natural hazards point
of view (Maslin et al., 2010; Gupta and Sain, 2013).

CONCLUSIONS

To expedite the exploitation program, a systematic

strategy consisting of the following steps is the need

of the day.

i. Identification of gas-hydrates based on certain
proxies such as BSR

ii. Characterization of gas-hydrates reservoirs
by computing seismic attributes such as
attenuation, reflection strength, instantaneous
frequency, blanking and other available geological/
geochemical/micro-biological approaches.

iii. Delineating the zones of gas-hydrates and free-gas
bearing sediments by seismic velocity anomaly

iv. Quantification of gas-hydrates by employing rock
physics modeling to seismic velocity

v. Understanding the genesis (source, migration and
accumulation) of gas-hydrates
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So far, no exploitation methodology has been
proved with economic viability. It is expected that
gas trapped below gas-hydrates can be produced first
for commercial purposes, and it may take some time
to produce gas from gas-hydrates - the major energy
resource of the next generation.
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