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Introduction

Global perspective: The gas hydrate has an important role to
play in countries like India and Japan where domestic sources
of natural gas are limited.  Unconventional gas like Gas
Hydrate has significant potential as it represents a large
amount of hydrocarbons trapped in the hydrate phase.

The countries showing early interest in Gas Hydrates
are: Australia, Belgium, Brazil, European Union, Indonesia,
Ireland, Mexico, Norway, New Zealand, South Africa, South
America, South Korea, Turkey, Ukraine, and Taiwan.
Countries with developed Gas hydrate interests are Canada,
Chile, China, India, Japan, Russia and United States.

Ambitious research programs have been undertaken
in the Mackenzie Delta at the Mallik research site. Under a
program led by Canada and Japan, a 1150m deep Mallik 2L-
38 well was completed in 1998. For the first time, cores were
brought to the surface from an Arctic gas hydrate occurrence
delineating approximately 120m of hydrate bearing section
within coarse-grained clastic sands.

A second phase of this research program was
undertaken in 2002 with a broader five-country partnership
(Canada, Japan, Germany, USA, India) that completed three
additional wells and the first production test. This would be
the first time gas would be flared from hydrate.

While the 1998 and 2002, Mallik (S Dallimore et al, 2003),
gas hydrate research projects enabled many new ground
breaking studies, the flow rates were modest. Japan (JOGMEC)
and Canada (NRCan) therefore decided to return to the Mallik
site in the winters of 2007 and 2008 to initiate a new testing

program focusing this time on a full-scale production draw
down test. These research programs have helped to address
key issues for naturally occurring gas hydrate prospecting,
formation, occurrence, and stability.

Indian perspective: First BSR reported in India was in
1984.  However, interest in the gas hydrate analysis picked
up in 1996 when ONGC started analyzing all available seismic
data. In a preliminary study about 80,000-sq.km areas in Indian
deep offshore was found favorable for gas hydrate occurrence
[C.M.Varughese et. al 2002]. In order to go into exploration
and exploitation of gas hydrates in a structured manner, the
Ministry of petroleum and Natural Gas (MOPNG) initiated a
national gas hydrate program (NGHP) in 1997 with the
participation of national oil and gas companies. The key
members are Oil and Natural Gas Corporation (ONGC), Gas
Authority of India Limited (GAIL), Oil India Limited (OIL),
Government research institutions such as National Institute
of Oceanography (NIO), National Institute of Ocean
Technology (NIOT), and National Geophysical Research
Institute (NGRI). Directorate General of Hydrocarbons (DGH)
is coordinating the NGHP. Secretary –MOPNG India, heads
the steering committee of the NGHP.

NGHP was reinitiated in the year 2000 and the first
meeting was held in Sept.’ 2000.  A three tier committee was
formed: Steering committee: it takes all the policy decision.
Technical committee: reviews the entire proposal and
recommends them to the steering committee. Sub Groups.

During 1997, ONGC associated with Alberta Research
Council (ARC), Canada to standardize a processing sequence
to enhance the BSR. In the very next year in 1998, this process
was used to evaluate Gas Hydrate potential in Krishna
Gaodavari(KG) offshore.
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Subsequently the study in year 1999-2000 extended to
Cauvery Offshore and Gulf of Mannar in the east coast of
India. However despite reprocessing of 500 LKM of data, no
distinguishable BSR could be observed.

In Gulf of Mannar, the analysis of seismic data revealed
lowering of stacking velocities between two canyon cuts
which makes the area interesting for possible gas hydrates.
After reprocessing of a few 2D lines, a patchy probable BSR
like reflector close to expected base of hydrate stability zone
was observed.

In year 2000-01, 460 Line Km of data pertaining to Gulf
of Kutch, Deep Continental Shelf, Kerala-Laccadive, Bengal
and Mahanadi offshore areas were analyzed to explore for
potential areas for gas hydrate. Despite reprocessing of data,
BSR could not be established in above areas. Though large
area in the western deep offshore, has attained thermo-
dynamic conditions for gas hydrate formation, in Kerala-
Konkan region (offshore Goa), pattern of sedimentary
thickness indicates that the southern part (lesser thickness)
of western offshore area is less interesting than northern
part. The continental shelf is wider in this part, it may have
reduced, TOC content in the deposited sediments, thus
reducing the potential to generate biogenic methane.

Initial and limited study in Andaman offshore has
established the presence of BSR. Study during this period
has suggested that significant gas hydrate potential is
available in Krishna Godavari and Andaman offshore areas,
to the extent that NGHP declared KG offshore as a model
field laboratory for Gas hydrate exploration and testing.

Year 2001-02, was very significant as ONGC prepared a
“ROAD MAP” for exploration of Gas hydrate in India. This
road map was presented by ONGC Ltd. to NGHP technical
team. After a deliberation by members of technical team on
road map of NGHP, A workable road map finally emerged in
form of a chart envisaging the schedule and function to
conduct under  NGHP to achieve production from gas hydrate
in long term.

The road map essential has one main stream i.e.
production, which is supported by three parallel streams.
The parallel streams were: (1) Resource Estimation (2)
Laboratory studies (3) drilling for coring and LWD. These
parallel streams meant to provide technical support for
execution of main stream.

However, the progress was visible only by year 2004
in  a steering committee meeting in which several scientific
initiative were planned and proposed, to have drilling/coring,
core repository, core processing, pre-drill site surveys, and
exposure to gas hydrate related coring system, equipment
and tools for geo-scientific investigation in Indian offshore
areas. Number of Indian and foreign experts and agencies
were identified during discussion in the meeting to be part of
first National Gas Hydrate Program (NGHP-01). Contracts were

finalized for assignment of drilling and coring of hydrate bearing
sediments in Indian offshore areas to complete NGHP-01.

In order to implement the NGHP in a more efficient
way, Government of India reconstituted the implementing
mechanism region wise. The identified regions were, (1)
Eastern offshore, (2) Western offshore and (3) Andaman
region. Eastern Offshore region was coordinated by Director
(exploration) ONGC and Director General of Hydrocarbon.
OIDB has provided the requisite financial support to
implement the NGHP program through limited cost sharing
(30%) by  its founding partners/constituents.

In year 2005, DGH initiated interaction with United
States Geological Survey (USGS) for scientific studies during
and after gas hydrate coring/drilling program (NGHP-01) in
Indian offshore. This led to identify the broad areas of
collaboration with USGS including pre and post field data
analysis, project review and advice and analysis of core
samples. Technical committee of NGHP engaged Dr. T S Collett
of USGS (who is known to be most experienced geoscientist
on gas hydrate and associated with US and other international
hydrate program at the time) as principal investigator for
NGHP coring/drilling program.

Under the aegis of NGHP, ONGC in collaboration with
National Institute of Oceanography, Goa has undertaken a
collaborative project of investigation of shallow sediments in
KG Offshore. Based on this study, total  fifteen locations have
been identified for carrying out coring of Gas Hydrates in KG
area. These locations were approved by the Technical
committee of NGHP and it was decided by the Steering
committee of NGHP, that first five locations will be taken up for
drilling/coring in KG area. Two locations in East coast are
identified for drilling/coring in blocks of M/S Reliance
Industries. Two locations are identified for drilling/coring in
the Andaman area and one location is identified in Goa-offshore
in the west coast. In all it is proposed to carry out drilling/
coring at ten locations in Indian offshore areas. (Figure-1).

Fig. 1: Site map of drilling locations during NGHP-01 (Source: T S
collett et al, 2008)
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Since then systematic efforts to harness the potential
of Gas Hydrate is being made. First major mile stone is
achieved in 2006 when drilling and coring during NGHP-01
has confirmed at site 10, the presence of hydrate in the central
part of Krishna Godavari offshore area. The findings/
observations of NGHP-01 expedition were analysed/studied
by USGS consultant (Timothy S. Collett, et al, 2008) and
opined that the KG offshore areas has significant potential
and detailed G&G analysis is required to identify the
favourable drilling locations for LWD and possible production
testing during NGHP-02.

Area of Study

ONGC as nodal agency for exploration of Gas
hydrate in India is making systematic seismic studies since
1996-1997. The preliminary analysis of all available seismic
data for 80,000sq.km (approximately) area in Indian deep
offshore was initially concluded to be hydrate prone. Seismic
data were reprocessed with objective to locate BSR as first
order indicator for Gas hydrate bearing sediment and
establishing the base of Gas hydrate stability zone. These
efforts in a limited way help to recognize 2D, 3D & GXT data
in KG offshore to further identify the favorable areas for
detailed studies to locate hydrate bearing sediments. These
studies suggested three areas (A, B & C) in east coast of
India (figure 2). These areas mainly identified based on BSR
and anticipated migration of fluid flow due to tectonic force/
shale flowage mechanism.

Area A (320 sq.km) lies in Vizag offshore, Area B (
300 sq.km) lies in Krishna offshore, Area C (1280 sq.km
including area covered under NGHP-01) lies in Godavari
offshore (figure-2).

coast where RIL is making efforts to bring out depositional
fairways within GHSZ through identification of channel lobes
using attribute analysis of 3D seismic data.

Fig. 2: Map showing the areas of current studies to explore Gas
hydrate bearing sands for LWD/production testing in NGHP-
02 by ONGC Ltd.

Fig. 3: Areas being explored for gas hydrate by Reliance Industries
limited in deep and ultra deep water.(source: RIL Presentation
in NGHP meet 2009).

So far their initial study suggests presence of gas
hydrate in discrete reservoirs. based on mainly patchy BSR
and other geophysical evidences along with visible presence
of gas hydrate in shallow core extracted.

The summary of integrated G&G studies in Reliance
area suggests high chances of hydrate enrichment in KG-D6,
KGV-D3, Moderate to High in KGD9, Moderate chances in
CYPR and Moderate to weak chances in Mahanadi basin.
The study is further being taken up to bring Gas hydrate
bearing sand in sand depositional fairways. In general there
are good evidences observed in seismic data pertaining to
Mahanadi basin for canyon feeders and channel  levee
network. However, an integrated attribute analysis by merging
the available 3D seismic data and suitable processing  is the
requisite to establish the presence of thick sand reservoir
within Pleistocene for further assessment of gas hydrate.

Geophysical Method

Author is mainly presenting the  recent study in areas
shown in figure-2, to evaluate the 3D seismic data for the
potential of finding gas-hydrate-bearing sands.  The criteria
used primarily conform to a conventional petroleum systems
approach to gas hydrate exploration (T. S Collett et al, 2010),
which include:

Correlation of seismic and well data of available well
using VSP data to identify the inferred gas hydrate
zone on log.
Establishment of the extent of the gas hydrate stability
zone through BSR.
Evidence for gas sourcing and migration into the gas
hydrate stability zone (GHSZ) through fault and
chimney.
Evidence of gas hydrate bearing sands through
mapping of reflector within the GHSZ.

The Reliance Industry Limited (RIL) another major E&P
company, is also exploring the probable gas hydrate in areas
under its operation. Figure-3 shows working areas in KG
offshore, Cauvery basin and Mahanadi basin on the eastern
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Fig. 4: Geological setup of Area-A having an industrial well-1.

It is more or less established that Seismic method is
very effective in understanding of areal extent of gas hydrate
in an area, primarily by mapping of a reflection event.  This
event is widely known as bottom simulating reflector (BSR).
BSR for all practical purposes, follows the sea bottom, has
polarity opposite to sea floor reflection and cut across the
geological strata (Christian Berndt et.al,2004).

The event is caused by velocity inversion at the base
of GHSZ where high velocity gas hydrate sediment lies over
the low velocity (free gas/water) sediments. The occurrence
of a BSR in seismic reflection data is a guiding element in the
mapping of gas hydrate prone areas.

Seismic data in the area of study (figure-2) has been
taken up for interpretation. The result of the interpretation is
presented in this paper, area wise in following sections.

Area ‘A’ (Vizag. Offshore).

Area ‘A’ designated, lies 90 km SE of Vishakhapattnam
city. (figure-2). A regional 2D line passing through the study
area is shown in figure-4 for understanding geological setting
with respect to present day coastline.

The well-1 in this area has not been logged for sonic or
VSP survey in the section of interest i.e., Gas Hydrate stability
zone. The well has been targeted the deeper sedimentary
section for conventional hydrocarbon.

The Area “A” (offshore Vizag) is considered to be the
most interesting compare to area ‘B’ and area ‘C’ because of
the general appearance of sand-prone facies depicted
through seismic amplitude and also because of the
abundance of peak-leading seismic targets in the GHSZ.
Quality of the available 3D seismic data was further improved
by structural smoothing (figure-7) in the present study.

Fig. 5: Sp and RLA3 log from Well-1 in the portion above inferred
BSR.

Well-1 was used to calibrate and post the inferred gas
hydrate zone-1 and zone-2 on seismic section by interpolating
the available velocity information from VSP (figure-7).

The well-1(figure-4) is only well available and drilled
for deeper objectives used in this study. The part of log from
Well-1 is shown in figure-5 and 6. The resitvity log has shown
the higher resistivity in gas hydrate bearing inferred Zone-1
and Zone-2. This has been further corroborated by
observations during drilling by gas shows and lowering of
temperatures probably indicating the presence of Gas
hydrate.

Fig. 6: Portion of available well log from well-1 falls within modelled
GHSZ. Two zones are inferred to be hydrate bearing based on
higher resistivity.
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Fig. 7: Calibration and correlation of regionally persisting seismic
reflectors with Well-1.

Fig. 8: A seismic reflector much above the BSR and terminating against
the BSR with polarity change, signifying the presence of
reservoir facies with hydrate to non-hydrate.

Fig. 9: Close to top inferred Gas hydrate zone.

Fig. 10: Showing perspective of a reflector within GHSZ.

Key reflectors were identified related to Sea bottom,
top most inferred zone of Gas Hydrate, BSR and a reflector
(figure-8) WGHSZ-1 above BSR.  These identified reflectors
extended within 3D volume and prepared their TWT relief
perspective maps which are shown in figure -9 (Sea Floor),
figure-10 (top most inferred Gas hydrate zone),  figure –
11(WGHSZ-1) and figure-12(BSR).

A reflector within Gas hydrate stability zone was
identified and mapped. the topographic view of this mapped
reflectors is shown in  figure-11.

 Seismic attribute is potent tool to analyze the amplitude
distribution to identify the  geological features. In this study,
a simple RMS amplitude attribute analysis was carried. The
RMS attribute extracted along BSR(100ms above window)
shown in figure-13, and along reflector within GHSZ was
also extracted for a reflector WGHSZ-1 shown in figure-15.

In figure -14,  left portion of figure shows part of seismic
line passing through channel-levee system.  The seismic
response along the channel -levee system was extracted and
used color scheme to highlight the range of values associated
with the CLC network (Figure-15)

Further to see the structural position of the CLC
network the seismic attribute shown in figure -14(right) is
draped over structure relief map and shown in figure-15.

Fig. 11: Showing perspective map of a seismic event close to BSR.
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Fig. 12: Showing perspective map of a seismic event close to BSR.

On observation of figure-14 and 15,  sand prone
channel levee system is identified in this study. The system
has feeder canyon coming down from structurally high
position to down dip, and may be acting as feeder to deposit
coarser clastic  along envisaged main channel (figure-14). A
part of 3D seismic (rendered) volume depicting the position

Fig. 13: Showing The seismic attribute RMS amplitude,  extracted
along the reflector close to BSR in a window of 100 ms(TWT)
above BSR. Area extent of BSR is approximately 130 Sq.
Km.

Fig. 14: Vertical seismic cross section(Left) shows the presence of
channel levee geometry. The position of section shown by
yellow line NW-SE direction (Right).

Fig. 15: Map showing surface horizon attribute along WGHSZ (area
extent 65 Sq.Km) and draped over (TWT) time structure
relief  for 3D perspective (contour interval 20 ms).

Fig. 16: Part of 3D seismic volume showing the subtle fault nad seepage
zones passing through GHSZ from below BSR (likely fluid
conduit path).
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of a reflector WGHSZ-1, is well above BSR (figure-16) and in
all likely hood will be Gas hydrate bearing reservoir. As a
subtle fault is also passing through the GHSZ and envisaged
to act as fluid conduit to charge the above identified sand
reservoir. Based on these observation, few locations have
been recognized for drilling to assess the gas hydrate potential
in this area.

Area ‘C’ in Godavari offshore area

The area ‘C’ lies on the mouth of Godavari  River
shown in figure-2. Number of industrial wells are falling
in the west of study area. Some of the wells are interpreted
through resistivity logs as hydrate bearing zones. Most
strikingly, one of the site cored and studied under NGHP-
01 confirmed the presence of Gas Hydrate and falls on
the western periphery of studied area.

On preliminary study the seismic data again have
not been acquired or processed for Gas hydrate prospects
therefore have limitation on front of seismic data quality
in shallower part even in 3D covered area.

The studied area ‘C’ lies in the east of 3D coverage
and has sparse 2-D seismic lines (figure-18) . Therefore
no seismic attribute could be attempted. However 2D
seismic data post stack reprocessed with limited success.
With best of efforts the extent of BSR(?) is mapped in
patches and extrapolated for structural relief and is shown
in figure-18.

Fig. 17: Showing RMS amplitude distribution within 100ms above
BSR event.

‘B’ in Krishna offshore area

The area ‘B’ lies on the mouth of Krishna River shown
in figure-2. In this area there are number of industrial wells
are available. Some of the wells are interpreted through
resistivity logs as hydrate bearing zones in shallower part.
However area does not cored or logged during NGHP-01
expedition. Therefore it remains speculative for presence of
gas hydrate. Area is covered extensively by conventional
3D with objective to explore deeper sediments for
conventional hydrocarbon systems. the area lacks the peak
leading amplitudes above BSR.

Therefore its interpretation lacks the confidence in
mapping of gas hydrate bearing sand and attribute response
lacks the definitive delineation of reservoir sediments. It is
envisaged after the scanning of shallow seismic section of
GHSZ that  it needs pre-stack or post stack processing.
This is expected to improve the interpretation to recognize
the presence of coarser clastics within GHSZ in this area.

However, the RMS Amplitude along BSR (within
100ms above) of available data in the area of study is shown
in figure-15. From Figure 17 patchy high amplitude(+ve)
can be observed.

The adjacent area (western part) though has
established the thick gas hydrate bearing zone of more than
100 mts, in envisaged fractured (reservoir) sediments. The
area of study have number of structural anticline and syncline
which are seems to be fracture prone due to lateral
compression. Figure-19 shows the tentative geological
model(right)  and part of seismic section(left).

Fig. 18: TWT relief map of a reflector close to probable BSR
event .
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Issues in production of gas hydrate

Although gas hydrates are known to occur in
numerous marine and Arctic settings, little is known about
the technology necessary to produce gas hydrate. Most of
the existing gas hydrate “resource” assessments do not
address the problem of gas hydrate recoverability.

absorption of energy from the surrounding.

If the hydrate bearing sediments can be depressurized
in-situ, the hydrates will dissociate absorbing heat from the
surrounding. But, the dissociation will be endemic to the
borehole as the surrounding connate water may start freezing.
Besides, the rate of dissociation of hydrate will be proportional
to the absorption of heat from the surrounding and as the
temperature gradient is very low the rate of production of
gas in this method will be very low before finally ceasing.
If we inject hot water in the formation, the resulting
dissociation of hydrate may be faster, but the tremendous
pressure exerted will develop vertical fractures in the
formation through which the gas may escape to the seawater
along with the hot water rather than flowing to the well bore.
Gas hydrate is similar to coal in its in-situ existence and we
recover coal by excavation. We can think of developing a
technology by which the first few hundred meters of
sediments can be excavated, made into a slurry by means of
an agitator and brought above the HSZ(Hydrate stability
zone), where the hydrates start liberating gas. The gas may
be collected and the sediments dumped back to the sea floor.
An Indian initiative in production front is begin with a
collaborative project with IIT Kharagpur on ‘Conceptual
Design of a Novel Method for Extraction of Methane Gas
from Submarine Natural Gas Hydrate by Seabed heating”.  It
is a three phase program starting with Modeling and
simulation to study the Gas production by a suitable method
and to be concluded by field scale trials. The first phase of
project is near completion. However progress to second phase
will depend on deliverability of first phase.

Future road Map

The geophysical studies for gas hydrate in Indian
water will continue with new found enthusiasm after
identification of sand reservoir within GHSZ. More areas are
being taken up with attempt to reprocess the data pre and
post stack for better delineation of  seismic signature of sand
reservoir. The study will be supplemented by multi team task
at ONGC, RIL and DGH in the coming year in KG offshore,
Mahanadi and Andman offshore. The study will lead to
identify the suitable sites for LWD and pilot production
testing under NGHP-02.

Beside the Geophysical studies, Stability thickness
model and subsequent first order resource estimate is the
key task for overall assessment of Gas hydrate in India. This
is pre-requisite for drawing long term investment plan by
Government of India to utilize Gas hydrate as cleaner energy
resources with commercial viability.

Conclusion

Unconventional gas like Gas Hydrate has significant
potential as it represents the large amount of
hydrocarbon trapped in the hydrate phase.

Fig. 19: Showing part of seismic section in  NW-SE (inset). The
right site cartoon shows the possible mechanism of gas
hydrate trapping due to uplift resulted in reduction of
pressure.

In Indian offshore areas, gas hydrates form beyond a
bathymetry of 650-700mts. Any operation at that water depth
is extremely difficult. As of today nowhere in the world
methane is produced commercially or at least publically
reported from Gas hydrate. Though many countries like Japan,
Canada, USA and china is having long term concrete plan to
produce it commercially for India still it is a big question.
However Government of India do have the road map to utilize
the potential of gas hydrate and looking forward to learn
from National Gas hydrate program of above countries
through scientific collaboration.

In order to exploit gas from gas hydrate, we need to
decompose the hydrate and extract gas. Due to huge amount
of gas trapped in gas hydrate (1 cum. of pure gas hydrates
release 164 cum. of gas at STP and 0.8 cum of pure water), on
decomposition the released gas will increase the formation
pressure to such an extent that the shallow sediments, which
are loose and unconsolidated in nature, may not be able to
sustain the depressurization and may collapse. The process
of supplying energy for dissociation of gas hydrates is
indeed difficult, but even if we assume for the time being that
such a process exists, still the resulting change in pressure
will breach the rock structure hosting the gas hydrates.

So far the oil industry is familiar with and engaged in
extracting hydrocarbons which is either oil or gas. The point
that one tries to bring home is that we have been dealing with
deposits of Hydrocarbons essentially in fluid phase. All our
research and development activities revolve around the
efficacy of extraction of hydrocarbons in fluid phase. But
gas hydrate occurs as solid phase in nature and thus, cannot
be extracted as such by any of known mechanism of
hydrocarbon exploitation unless hydrates are converted in-
situ to fluid phase. Conversion of gas hydrate into fluid phase
can be achieved either by increasing temperature or by
reducing pressure. The change in phase is obviously
endothermic and hence implies supply of external energy or
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Post stack processing of conventional data has
improved the delineation of channel-levee network.
Though a large channel-levee reservoir faicies is
envisaged within GHSZ in area of study and
extracted through mapping, it is suggested to
continue the study in adjacent areas for better
understanding.
Probably available 3D seismic data need relook at
reprocessing of shallower portion of seismic data in
the areas of 3D seismic coverage available before
attempting re-interpretation for conclusive study.
Instead of conventional Seismic, high resolution
Sparker survey will be more appropriate in the areas
where 3D seismic data is not available.
Area in central KG offshore needs integration of
available data after due reprocessing for better
visualization and interpretation of gas hydrate
bearing sands.
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