
 
  

 

Gas Hydrates Resource Potential of 

South Asia 

 

SAARC Energy Centre 

 Islamabad, Pakistan 

2010   



 
  

 

Gas Hydrates Resource Potential of 

South Asia 

 

SAARC Energy Centre 

 Islamabad, Pakistan 

2010 



 
  

 

 

 

 

 

Reviewed and Edited by   

Dr. Muhammad Pervaz, Programme Leader, Technology Transfer, SAARC Energy Centre  

     Engr. Md. Lutfar Rahman , Research Fellow, Technology Transfer, SAARC Energy Centre  

 

 

 

 

 

 

 

 

 

 

 

 

 

Published by  

SAARC Energy Centre  
Plot No. 18, Street No. 6, Sector - H9/1 

Islamabad, Pakistan   

Tel : + 92-51-4436733,  Fax: + 92-51-4436795 

E-mail : info@saarcenergy.org  

Web: www. saarcenergy.org  
  

Country Experts 

Mr. M. Jamaluddin  Former Managing Director, Bangladesh Petroleum Exploration 

and Production Company Limited, Bangladesh 

Mr. Malcolm V. Lall  Senior Adviser, Directorate General  Hydrocarbon,  India 

   Dr. A. R. Tabrez 
 

   Dr. A. Inam  
 

Head Geology and Geophysics, National Institute of 

Oceanography, Pakistan 

Senior Research Officer, National Institute of Oceanography, 

Pakistan 

   Dr. Neil DeSilva Director General, Petroleum Resource Development Secretariat, 

Sri Lanka 

 

Regional Expert 

    Mr. Malcolm V. Lall  Senior Adviser, Directorate General  Hydrocarbon,  India 



 
  

i  

CONTENTS 

    Page  

List of Figures  ii  

Abbreviations and Acronyms  iv  

Executive Summary  1 

Chapter ï 1  Introduction and Background  4 

Chapter ï 2  Objectives  11 

Chapter ï 3 Methodology  12 

Chapter ï 4 Review  of Technology  13 

Chapter ï 5  Economic and Ecological Aspects of Gas Hydrates  26 

Chapter ï 6  Regional Scenario, Institutions and Organizations Involved in 
Gas   Hydrate Programmes  

35 

Chapter ï 7  Joint Projects on Gas Hydrates with International Organizations  40 

Chapter ï 8  R&D Activities and Programmes on Gas Hydrates in The 
Region  

42 

Chapter ï 9  Technology Transfer and Promotion of R&D Activities in The 

Region  

60 

Chapter ï 10 Gas Hydrate Resource Potential of SAARC Region  61 

Chapter ï 11  Road Map for Commercialization of Gas Hydrates in The Region  66 

Chapter ï 12  Conclusions and Recommendations  69 

References  71 

78 Acknowledgement  



 
  

ii   

LIST OF FIGURES 

Figure 1 Gas Hydrate Stability Thickness Map along Indian the Continental 
Margins 

 2 

Figure 2 Ice That Burns  4 

Figure 3 Structure of Gas Hydrates  5 

Figure 4 Gas Water Ratio in Gas Hydrates  5 

Figure 5  (a) Stability Thickness Map of GH in the Continental Margin and (b) 

Phase Curve for GH Stability 

 6 

Figure 6 Different Structure of Hydrates Depending on Types of Gas  7 

Figure 7 Type I Crystal Structure. Two Regular Odecahedrons Attached to Six 
Cuboctahedrons 

 7 

Figure 8 Locations of GH in Permafrost & Continental Margins  8 

Figure 9 Methane Hydrate Phases  14 

Figure 10 Specific Hydrate Stability for Arctic Permafrost  14 

Figure 11 Typical Occurrence of the Gas Hydrate Stability Zone on Deep-Water 
Continental Margins 

 15 

Figure 12 At Sub-Polar Latitudes Temperatures are Too High At Every Depth for 
Methane Hydrate to be Stable 

 15 

Figure 13 Seismic Section Showing BSR, from KG Basin  17 

Figure 14 Expected Change in Worldôs Primary Energy Demand During The Period 
2007 to 2030 

 26 

Figure.15 Resource/Reserve Classification Scheme for Natural Gas Hydrates with 
Examples 

 27 

Figure 16 The Environmental Distribution of The Gas Hydrates Globally  28 

Figure 17 Disseminated Gas Hydrates in Sand from Nankai Trough, Japan  28 

Figure 18 The Massive Hydrates in Fractured Shales from Krishna-Godavari Basin  28 

Figure 19 Swath Bathymetry Map Showing The High Resolution Seafloor Mosaic 

of The Krishna-Godavari Offshore 

 31 

Figure 20 Anomalous Seismic Reflections (BSRs) of The Multichannel Seismic 
Records 

 31 

Figure 21 Gas Hydrates on Seafloor Associated with Organisms  32 

Figure 22 Mannar and Cauvery Basins, Sri Lanka   39 

Figure 23 Survey Area of R/V Meteor Cruise M74/3,  30 October - 28 November, 
2007 

 41 

Figure 24 Gas Hydrate Programme of MoES, India 44 

Figure 25 Seismic Attributes Implying Gas Hydrates and Free-Gas Across The 
BSR along A Seismic Line in The Makran Accretionary Prism 

53 

Figure 26 Field Seismic Gathers at CDPs 4286 (Moderate), 4372 (Strong), and 
4524 (No-BSR),  

53 

Figure 27 BSR on Seismic Section and Lateral Variation of Gas Hydrates and Free
-Gas at BSR, Based On AVO A-B Crossplot Coupled With A Rock 
Physics Modeling in The Makran Accretionary Prism, 

54 



 
  

iii   

Figure 28 BSR and Gas Hydrates in 80M Thick Fractured Shale in KG Basin.  55 

Figure 29 Location Map of Sector 1 & 2  57 

Figure 30 Map Showing Some Seismic Lines Shot in 2006-07  58 

Figure 31 Seismic Section of Line B3-02   58 

Figure 32  (a) GH Recovered from Beneath Seafloor, (b) Burning Methane Re-  61 

Figure 33 Resource Estimation Carried out in Nankai Trough  62 



 
  

iv  

AIST National Institute of Advanced Industrial Science and Technology, Japan 

A&M Agricultural & Mechanical 

ACS Autonomous Coring System 

atm Atmosphere (Normal atmospheric pressure) 

b cu m Billion Cubic Meter 

b kWh Billion Kilo Watt Hour 

BAPEX Bangladesh Petroleum Exploration & Production Company Ltd. 

bbl Barrel 

BGHS Base of Gas Hydrate Stability 

BGR Bundesanstalt für Geowissenschaften und Rohstoffe, Germany 

BOP Blow-Out-Preventer 

BP British Petroleum 

BSR Bottom-Simulating Reflector 

CNG Compressed Natural Gas 

CO2 Carbon Dioxide 

CSMHI Consortium for Scientific Methane Hydrate Investigations 

CTD Coiled Tube Drilling 

DGH Directorate General of Hydrocarbons, 

DSDP Deep Sea Drilling Project 

DVTP Davis-Villinger Temperature Probe 

EcoSCOPE EcoScope Multifunction Logging while Drilling 

EDBOE Experimental Design Bureau of Oceanological Engineering, Russia 

EEZ Exclusive Economic Zone 

EIA Environmental Impact Assessment 

EMRD Energy & Mineral Resources Division, Bangladesh 

FMS Sonic Intensity (F), Inclination (Inc) Declination (Dec) of the total magnetic field. 

FPC Fugro Pressure Corer 

FTIR- Fourier Transform Infrared Spectroscopy 

FUGRO FUGRO McClelland Marine Geosciences 

GAIL Gas Authority of India Limited 

ABBREVIATIONS AND ACRONYMS  



 
  

v  

GDP Gross Domestic Product 

GEOTEK Geotek Ltd, 

GeoVISION Geo VISION Borehole Camera Systems 

GFZ Geo Forschungs Zentrum Potsdam 

GH Gas Hydrate 

GHSZ Gas Hydrate Stability Zone 

GIS Geographical Information System 

GoB Government of Bangladesh 

GSB Geological Survey of Bangladesh 

GSC Geological Survey of Canada 

HCU Hydrocarbon Unit, Bangladesh 

HDIP Hydrocarbon Development Institute of Pakistan 

HRC HYACE Rotary Corer 

HSE Health, Safety, and Environment 

HYACE Hyace Ltd. 

HYACINTH Deployment of hyace tools in new tests on hydrates 

IEA International Energy Agency 

IEOT Institute of Engineering and Ocean Technology, ONGC Panvel 

IOCs International Oil Companies 

IOC Indian Oil Corporation Ltd. 

IODP Integrated Ocean Drilling Programme 

IRCGH Indo-Russian Gas Hydrate Centre at NIOT, Chennai 

Japex Japan Petroleum Exploration Company Ltd. 

JNOC Japan National Oil Corporation 

JOGMEC Japan Oil, Gas and Metals National Corporation 

JR JOIDES Resolution 

KDMIPE Keshav Dev Malaviya Institute of Petroleum Exploration 

KG Krishna-Godavari 

KK Konkan-Kerala Basin 

LDEO Lamont-Doherty Earth Observatory 

LWD Logging-While-Drilling 

MCS Multichannel Seismic 

MH Methane Hydrate 

MH21 Research Consortium for Methane Hydrate Resources in Japan 



 
  

vi  

MMcfd Million Cubic Feet per Day 

MN Mahanadi Basin 

MoES Ministry of Earth Sciences, Government of India 

MOPEMR Ministry of Power, Energy & Mineral Resources, Bangladesh 

MOPNG Ministry of Petroleum and Natural Gas, India 

MTOE Million Tons of Oil Equivalents 

MWD Measurement-While-Drilling 

NELP New Exploration Licensing policy 

NETL National Energy Technology Laboratory Department of Energy USA 

NGHP National Gas Hydrates Programme, India 

NGRI National Geophysical Research Institution, Hyderabad 

NIO National Institute of Oceanography 

NIOT National Institute of Ocean Technology, Chennai 

NMI Nautical Miles 

NMR Nuclear Magnetic Resonance 

NRCan Natural Resources, Canada 

NSF National Science Foundation 

ODL Overseas Drilling Limited 

OECD Organization for Economic Co-operation and Development 

OIL Oil India Ltd 

OMZ Oxygen Minimum Zone 

ONGC Oil and Natural Gas Corporation Ltd., India 

PAKOMIN Pakistan Oxygen Minimum 

PCS Pressure Core Sampler 

ProVISION Logging while drilling tool for Nuclear Magnetic Resonance Service 

PSC Production Sharing Contract 

PTCS Pressure Temperature Core Sampler 

R&D Research & Development 

R/V Research Vessel 

RMS Root Mean Square 

ROV Remotely Operated Vehicle 

SAARC South Asian Association for Regional Cooperation 

SEC SAARC Energy Centre 



 
  

vii   

SonicVISION Sonic while Drilling 

SSBB- Small Size Benthoic Biota 

SUGAR- Submarine Gas hydrate Reservoirs 

TAMU Texas A&M University 

TCF Trillion Cubic Feet. 

TCM Trillion Cubic Meters 

TeleSCOPE Telemetry while Drilling 

USDOE United States Department of Energy 

USDOE US Department of Energy 

USGS United States Geological Survey 

VSP Vertical Seismic Profiling 

XCB XCB Coring System 



 
  

1  

Gas hydrates are ice-like crystalline substances occurring in nature where a solid water lattice 
accommodates gas molecules (primarily methane, the major component of natural gas) in a cage-
like structure, also known as clathrate. Gas hydrates form under conditions of relatively high 
pressures and low temperatures, such as those found in the shallow subsurface under many of the 
worldôs oceans. Gas hydrates, which are known to occur in the marine sediments on the continental 
margins, are widely considered as a promising alternate energy resource. One cubic foot of hydrate 
at reservoir temperature and pressure yields approximately 160-180 cubic feet (ft

3
) of gas at 

atmospheric temperature and pressure. The amount of natural gas in gas hydrate worldwide is 
estimated to be far greater than the entire world's conventional natural gas resources. This is what 
makes the Gas Hydrates a potential energy resource for the future. 
 
The diminishing fossil fuels and energy security concerns of nations have attracted international 
attention from governments to the scientific communities to work on gas hydrate as a potential 
energy resource.  Energy starved SAARC countries will benefit enormously from the successful 
development of gas hydrates and production of natural gas from marine gas hydrates.  
 
This document reviews the status of technology pertaining to exploration and exploitation of gas 
hydrates, research initiatives that have been taken by India and other SAARC countries, that has 
contributed significantly in the research and development of gas hydrates, and suggests a 
mechanism for the technology transfer and promotion of R&D activities in the SAARC region.  
 
Gas hydrate interests are multifaceted and intertwined. Gas hydrate has been known for many years 
as a problem in blocking cold-region natural gas pipelines, and as a drilling hazard in the arctic. 
However, natural gas hydrate studies have rapidly expanded globally in recent years, with large 
programs in Japan and USA, and considerable efforts in Canada, India, Korea, China, and 
numerous other countries.  
 
Many groups are actively participating in a wide variety of gas hydrate research. The Department of 
Energy (DOE) of the US is coordinating gas hydrate research activities and provides a foundation to 
pursue the goal of producing methane from hydrates by the year 2015. The U.S. Geological Survey 
(USGS) has conducted extensive geophysical surveys and established a specialized laboratory 
facility to model the formation and dissociation of oceanic gas hydrates. 
  
Gas hydrate research and resource development are also underway in Japan, India, Canada, the 
United Kingdom, Germany, Brazil, Norway, Russia, China and Korea. India has been actively 
involved in the research and development of gas hydrates for more than a decade. In association 
with USGS and other international organizations, Indiaôs gas hydrates research reached a matured 
state. Under the National Gas Hydrates Programme, Phase II India now plans to look for sands 
within the GHSZ and thereafter shortlist a candidate for pilot Production test. 
 
SAARC countries having a vast coast line and deep water environment may consider forming a 
consortium for exploration and development of marine gas hydrates. This will help member states to 
share their experience with each other. For energy deficient SAARC region an alternative energy 
source like methane gas from the gas hydrates will be great boost in ensuring the energy security of 
the region.  
 
Resources are not estimated in any of the SAARC countries except India which recently updated the 
map (Figure1) which shows the Gas Hydrate Stability Thickness Map along the Indian continental 
margins. The occurrence of gas hydrates in the marine sediments is confirmed by direct sampling. 
However, worldwide, their preliminary detection over large areas is inferred based on identification of 
Bottom Simulating Reflector (BSR) in the conventional seismic reflection data. In view of preliminary 
indications the NGHP has initiated systematic exploration of gas hydrates on the continental margins 
of India by reprocessing the available multi-channel seismic reflection data with a specially designed 
sequence of processing and mapping the spatial distribution of BSR-like features. The predicted 
thickness map matches quite accurately with the observed depths of BSRs, marker for gas hydrates. 

EXECUTIVE SUMMARY  
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Parameters like sedimentary thickness, rate of sedimentation, total organic carbon content, seabed 
temperature, geothermal gradients indicate good prospects of gas hydrates in deep water regions of 
the vast Indian offshore (Sain and Gupta, 2008, Curr. Sci.). Analysis of MCS data exhibits BSRs in 
the Krishna-Godavari (KG), Mahanadi (Mn), Andaman (Am), Kerala-Konkan (KK) and Saurashtra 
(S) offshore basins. The geological, geochemical and microbial proxies wee also studied, which led 
suitable locations for ground truth validation.  

Figure 1: Gas Hydrate Stability Thickness Map along the Indian continental margins (Sain et al.,   
2010, Mar. & Petrol. Geol., accepted). 

The drilling and coring by the Indian NGHP has established the presence of gas hydrates in the 
Eastern Indian margin. This has boosted further the Indian efforts to tap this huge treasure of energy 
from ocean. The Drilling Vessel JOIDES Resolution has been engaged for period of 115 days during 
2006 and drilled 39 cores at 21 sites covering the Arabian Sea, Bay of Bengal (Passive margin) and 
Andaman Sea (Active margin). The expedition has posted few scientific achievements: i) Discovered 
gas hydrate in numerous complex geological settings and collected an unprecedented number of 
gas hydrate cores, ii) Delineated and sampled one of the richest marine gas hydrate accumulations 
yet discovered in Krishna-Godavari Basin, Bay of Bengal, iii) Discovered one of the thickest and 
deepest gas hydrate occurrences yet known (Andaman Islands) which revealed gas-hydrate-bearing 
volcanic ash layers as deep as 600 meters below the seafloor, iv) Established the existence of a fully 
developed gas hydrate system in the Mahanadi basin of the Bay of Bengal, v) Demonstrated the 
utility of employing advanced logging-while-drilling operations to high-grade potential sites for later 
coring operations; and vi) Demonstrated a series of significant advances in infra-red imaging and 
pressure coring data acquisition and analysis techniques. 
 
Future NGHP Expedition-02 is aimed at the identification of sites having sand dominated gas 
hydrate occurrence, reasonably compacted sediments and occurrence of free gas below the gas 
hydrate stability zone. Environmental hazard studies also are planned to be carried out. NGHP 
Expedition-03 is planned to carry out pilot production testing of at least one site in the Indian deep-
water environment. The expeditions are planned for 2011-2020 and would require extensive R&D 
work in association with International scientists. The commercial exploitation of methane from 
hydrates would largely depend upon the success of these expeditions. 
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Other activities, include i) delineation and resource assessment of the Gas Hydrates in KG & 
Mahanadi area, ii) R&D on methodology of production testing along with environmental hazard 
studies, iii) Techno-economic studies on the exploitation of methane from hydrates, and iv) Policy 
framework for award of acreage for Gas hydrates commercial production.  
 
The importance of the Gas hydrate commercialization efforts are founded on the fact that even if 1% 
of the Prognosticated resources of this potential resource which is estimated at 1894 TCM, can be 
exploited, the exploitable resources would give rise to 3100 TCM of methane since at standard 
temperature and pressure per cubic meter of hydrate yields on an average 164 m

3
 of methane and 

0.8 m
3
 of water. This is a significant amount and on its own can sustain the energy requirement of 

India for over a decade. 
 
The study also describes the status of research on offshore gas hydrates discovered on Makran 
margin, Pakistan. Scientific information, data and interpretation of the Pak-German, Research 
vessels (1993, 1997-1998) provided better understanding of the occurrences of gas hydrates in 
offshore region of Makran. The gas hydrates occurrences in marine sediments offshore Pakistan 
was earlier reported by White (1982 and 1983) but their extent and widespread presence offshore 
Makran was confirmed by Seismic methods employed during the Pak-German Cruise SO-122 in 
1997. 
 
Federal Institute for Geosciences and Natural Resources (BGR) Germany conducted some 
Research Surveys in the deeper part of the Bay of Bengal in collaboration with Geological Survey of 
Bangladesh (GSB). During 2006 different physical techniques including 2D Seismic Survey were 
used but the data was not interpreted for identification of BSRs. However, Petrobangla has a 
programme to look for presence of BSRs in Seismic data that will be acquired from the deep-sea 
blocks to be awarded under production sharing contracts (PSC) to the IOCs in near future. If, 
exploration activities are conducted with specific objectives of searching for gas hydrates in 
Bangladesh portion of Bay of Bengal or even, if exploration activities are conducted for traditional oil 
and gas exploration and production in deep-sea bottom in more than 2.00 kilometers. It is most likely 
that in the continental rise portion of the continental margins BSRs could be traced and thus gas 
hydrate zone could be demarcated.  
 
The potential gas hydrates zone offshore Sri Lanka could lie between the 600 meters and 3,000 
meters bathymetric contours and covers an area of approximately 50,000 km

2
. Using an area of 

50,000 km
2 

a 200 meters thick hydrates stability zone, a pore volume of 50% in shallow sediments 
and 3% as percentage of hydrate in the pore space. The amount of gas hydrates offshore Sri Lanka 
could be 225x10

9
m

3
.  This is equivalent to a gas volume of 369 x 10 

11
 or 364 x 10

 14
 kwh of energy.  

 
The purpose of this regional study is to assess the programs on gas hydrates in the region, resource 
potential, to gauge the economic viability  and to facilitate and promote R &D activities  on gas 
hydrates in the SAARC region. 
 
It is therefore recommended that the SAARC Energy Centre may facilitate through relevant 
organizations in India, Bangladesh, Pakistan and Sri Lanka a mechanism of joint seminars and 
conferences which would enable the scientists in the SAARC countries working in the field of Gas 
Hydrate research to interact with each other. This would be an icebreaker in the long term 
collaboration in the field of Gas hydrate research in the SAARC Region. It is also recommended that 
a Research Center may be set up in India to cater to the needs of the Researchers on Gas hydrates 
in the SAARC member countries and to have a Steering Committee in place to chalk out a long tern 
(10 to 15 years) focused programme in the Region keeping in mind the commercial importance of 
Gas Hydrates.  
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Introduction  

 
Gas hydrates are ice-like crystalline substances occurring in nature where a solid water lattice 
accommodates gas molecules (primarily methane, the major component of natural gas) in a cage-
like structure, also known as gas hydrate, clathrate, clathrate hydrate, Ice-that-burns, etc. The main 
component of the natural gas, with which everybody is familiar, is methane.  This is one of the most 
popular primary energy resources of the world for it being used in power generation, urea fertilizer 
production, room heating, cooking and in many other daily needs. It is so associated with our 
everyday life that in modern days one cannot think of living a single day without methane gas.  
 
Methane contains one atom of carbon and four atoms of hydrogen. Other gases like propane and 
butane contains more carbon and hydrogen atoms and consequently they are known as heavier 
hydrocarbons. One of the fundamental characteristics of hydrocarbons is that most of them burn. 
When methane burns, the carbon in the methane combines with oxygen (O) to form carbon dioxide 
(CO2). The hydrogen in the methane combines with oxygen to form H2O, or water.  
 

Difference Between Natural Gas and Gas Hydrate  

 
The ónatural gasô that we burn everyday in our daily life for different purposes is extracted from 
between the earth's strata, and then supplied to different consumers according to the need. The gas 
hydrate is also trapped between the earthôs strata. The basic difference between the ónatural gasô 
and the gas hydrate, though the principal constituent of both is methane, is that the natural gas is 
found is gaseous state, while the later is a solid. Thus to produce natural gas from the gas hydrate 
will require breaking down these gas-hydrate-solids and extracting the methane and other 
hydrocarbons. If methane can be successfully extracted from gas hydrate, it should be possible to 
develop it using methods similar to those used to develop natural gas.  
 

Different Names of Gas Hydrates  
 
A piece of gas hydrates that exactly looks like a piece of ice is highly inflammable. It keeps on 
burning until there is nothing left but water. And that is why, while gas hydrates are often called 
óMethane Hydratesô, it is also phrased as "Fiery ice" and ñIce that burnsò (Figure 2). ñIt's like white ice 
that burns until there's nothing left but water" - a very mysterious phenomenon indeed. Even the US 
Department of Energy (USDOE), under the National Methane Hydrates R & D Programme, 
publishes a quarterly newsletter titled óFire in the Iceô to highlight the latest development in the 
international gas hydrates R & D.  

CHAPTER ð 1  

 INTRODUCTION AND BACKGROUND  

Figure 2: Ice That Burns (Research Consortium for Methane Hydrate Resources in Japan, MH21 

Research Consortium)  



 
Gas Hydrates Resource Potential of South Asia   

5  

Understanding the Gas Hydrates  
 
If the structure of gas hydrate is understood clearly, we will be able to know why it is flammable, 
though it looks exactly like ice. Methane hydrate or gas hydrate is often described as "methane gas 
surrounded by ice." But this description is though easy to understand, is not completely accurate. 
The accurate description should be that gas hydrate consists of "methane gas trapped inside cage-
like crystal structures made up of water molecules."  
 
The size of these ócagesô is comparable with the magnitude as 
atoms and molecules, not visible with the naked eyes. The 
Figure 3  (From MH21 Research Consortium) shows this 
crystal structure at the atomic level. Water molecules are 
made up of one oxygen atom (red) and two hydrogen atoms 
(white). These molecules join and break apart from each other 
in liquid form, creating a structure that resembles a cage. This 
type of structure is known as a cluster. A cluster is unstable in 
liquid form but becomes stable when pressurized or cooled to 
preserve its cage-like structure.  
 
When gas molecules such as methane are introduced into 
these cages, a three-dimensional cluster structure is created. 
Gas hydrate is made up of cage-like clusters of water 
molecules with methane trapped inside. The cavities in these 
clusters usually have a radius of between 0.39 and 0.47 nm (1 nm=1/10,000,000 cm). Under 
appropriate temperature and pressure conditions, not only methane, but other gases such as carbon 
dioxide, hydrogen sulfide, ethane and propane can easily reside into cluster structures to form 
hydrates. "Gas hydrates" is the generic term used to describe these hydrates with various gases. 
 
Cluster structures into which methane gas reside are referred to as gas hydrate. Under normal 
temperature and pressure, the amount of methane gas that can be contained in gas hydrate is 
equivalent to about 170 times (160-180 times) the volume of gas hydrate. We can also say that one 
volume of gas hydrate releases 170 volume (160-180 volume) of methane and 0.8 volume of fresh 
water (Figure 4).  

Figure 3: Structure of Gas Hydrates 

 

Figure 4: Gas Water Ratio in Gas Hydrates 

Cluster structures into which methane gas reside are referred to as gas hydrate. Under normal 
temperature and pressure, the amount of methane gas that can be contained in gas hydrate is 
equivalent to about 170 times (160-180 times) the volume of gas hydrate. We can also say that one 
volume of gas hydrate releases 170 volume (160-180 volume) of methane and 0.8 volume of fresh 
water (Figure 4).  
 

Gas Hydrate Environments  
 
It is not only the cold temperatures that help form gas hydrate, but it also requires high pressure. The 
diagram below (Figure 5) shows the range of conditions under which gas hydrates can exist in stable 
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form. In environments in which the temperature is 0
0
C, gas hydrate will form only if the atmospheric 

pressure is 23 times normal atmosphere (i.e., 23 atm). Under normal atmospheric pressure, gas 
hydrate will only exist in stable form if the temperature is -80

0
C or below. 

 

In other words, gas hydrate can only exist in stable form in a low-temperature, high-pressure 
environment. If gas and water are present in such low-temperature, high-pressure environments, 
then gas hydrate may also be present. This is the type of environment in which natural gas hydrate 
has been discovered. There are only two types of places where such environment exists. These are 
(1) beneath the permafrost and (2) in the strata of earth beneath deep ocean floors. 

 

Figure 5: (a) Stability Thickness Map of GH in the Continental Margin (Kvenvolden 
& Barnard, 1982) and (b) Phase Curve for GH Stability (Sloan, 1998) 

In the North and South Polar Regions, strata of earth remain frozen even in summer. These strata 
are known as permafrost. Under this permafrost there exists low-temperature, high-pressure 
environments in which gas hydrate can be found in its natural state. On the other hand water near 
the bottom of deep oceans is as cold as 0 to 4

0
C. Moreover, because of the heavy weight of the 

water above, the seafloor is under high pressure. Accordingly, the earth under the seafloor in deep 
oceans is the type of low-temperature, high-pressure environment in which gas hydrate can exist 
naturally. 
 
It is an established phenomenon that whether on dry land or under the seafloor, the ground 
temperature keeps on rising as we go deeper. This is because the earth is hotter at its core than the 
surface. In general, the ground temperature increases by 2

0
C to 5

0
C for every 100m we go down. 

This is called the geothermal gradient, and is usually expressed in the form 2-5
0
C/100m. At a depth 

of 1000m, with 4
0
C/100m thermal gradient, the temperature will be 40

0
C. Since the likelihood of 

finding gas hydrate decreases with the increase in temperature, gas hydrate is unlikely to be present 
too deep below the earth whether on dry land or on the seafloor. It has been established by various 
calculations that gas hydrate will only be found up to 280m below the seafloor in areas where the 
water is 1,000m deep, and up to 570m below the seafloor in areas where the water is 4,000m deep.  

 

Study of Structure and Composition of Gas Hydrate  
 

Studies have revealed that composition and crystal structure of gas hydrate varies by environment 
and types of gases involved. For example, water molecules exhibit three basic types of polyhedral 
structures (Figure 6). 
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These polyhedral water molecule structures combine to form two kinds of hydrate structures. Those 
consisting of two regular dodecahedrons (12-hedron) combined with six cuboctahedrons (14-hedron) 
are referred to as Type I structures (Figure 7), while those consisting of 16 regular dodecahedrons 
combined with eight hexakaidecahedrons (16-hedron) are referred to as Type II structures. 

Figure 6: Different Structure of Hydrates Depending on Different 
Type of Gas. 

Figure 7: Type I Crystal Structure.  

Virtually all natural gas hydrates have either Type I or Type II structures. Natural gas hydrate 
contains not only methane, but other similar gases such as ethane and propane. Depending on 
the mix of gases present, gas hydrate may exhibit a Type I structure, a Type II structure, or a 
mixture of Type I and II structures. 
 
Through examinations by X-ray diffraction, nuclear magnetic resonance (NMR), and Raman 
spectroscopic methods, it has been observed that the amount of gas contained in gas hydrate 
differs depending on whether it has a Type I or a Type II structure. Gas hydrates with Type II 
structures holds slightly more gas than gas hydrates with a Type I structure. Consequently, 
developing a natural gas hydrate deposit with a predominant Type II structure gas hydrate is 
likely to result in the production of more methane than a deposit with a predominant Type I 
structure gas hydrate. In addition, a hydrate that contains propane as well as methane will have 
a Type II crystal structure. It has also been observed that gas hydrate with Type II structure is 
more stable than pure gas hydrate with a Type I structure. For example, while pure gas hydrate 
requires a temperature of -80

0
C to remain stable at normal atmospheric pressure, gas hydrate 

containing propane will remain stable up to around -20
0
C.  

 
The fundamental data obtained from the study of compositions and structure of gas hydrates will 
be extremely valuable in the future development of natural gas hydrate. The studies noted that 
density, heat conductivity, sound wave characteristics, electrical resistance, and other 
fundamental properties of gas hydrate differ depending on factors such as composition and 
crystal structure.  
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Distribution of Gas Hydrate  
 
USA, Canada, Japan, India, Norway, Germany, UK, France, Belgium, Bulgaria, South Korea, China, 
Taiwan, Australia, Nigeria, Turkey, Egypt, Italy, New Zealand, Greece etc. are the countries, which 
are actively involved in gas hydrates research. Figure 7 shows the worldwide locations where gas 
hydrates have been established from remote geophysical, geochemical and geological experiments 
and sampling by deep sea or ocean drilling programs in both the continental margins and the perma-
frost regions and also places where gas hydrates are thought to exist. Areas where natural gas hy-
drate is thought to exist are generally areas under the ocean where BSR (Bottom-Simulating Reflec-
tor) seismic reflection profiles show a continuous behavior, indicating the presence of gas hydrate. 
Looking at these distribution maps (Figure 8), we can clearly see that gas hydrate is present in loca-
tions that meet a certain temperature-pressure conditions.  

Figure 8: Locations of GH in Permafrost & Continental Margins (Makogon, 2007) 

Origin of Gas in Gas Hydrates  
 
For gas hydrates to be present, it is not only a specific temperature-pressure environment to be met 
as outlined above, but also there has to be sufficient quantity of methane present in order for gas 
hydrate to form. The methane found in natural gas hydrate is thought to be formed by dead organic 
matter trapped between the earth's layers, and then broken down by micro-organisms and the 
earth's heat.  
 
Methane is a hydrocarbon, so it also needs carbon sourced by the remains of dead animals and 
plants to form hydrocarbon. There are thought to be two processes by which the carbon in dead 
organic matter is transformed into hydrocarbon. In the first, micro-organisms turn dead organic 
matter into methane and methane so produced is known as ñbiogenicò methane. In the second, 
methane is formed by thermo-chemical reduction of organic matter in absence of oxygen  and 
methane thus produced is known as ñthermogenicò methane. Through isotope analysis, it can be 
confirmed whether natural methane is biogenic or thermogenic. Analyses of methane gas from 
different parts of the world indicate that most of the methane found close to the earth's surface is 
biogenic, while most of the methane from deep deposits is thermogenic methane. However, between 
these two extremes, there is a mixture of biogenic and thermogenic methane.  
 
Test drilling carried out in different places showed that gas hydrate is present especially in thick 
concentrations in layers of sand beneath the earth's surface in the stability zones, a very interesting 
phenomenon, which made researchers curious.  
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Whether biogenic or thermogenic, methane is generated only if temperatures are higher than gas 
hydrate's stability zone. Since gas hydrate at normal atmospheric pressure contains 170 times its 
own volume of methane, it needs to gather methane from a relatively large area. In layers of sand 
and mud, the gaps between the various particles vary in size. Water and gas can move around 
constantly in the layers of sand where gaps are relatively large, but in the layers of mud the same is 
not possible. This is considered to be the reason why gas hydrate is found in thick concentrations in 
layers of sand.  
 
Many countries have been working on gas hydrates for quite some time. India is one of the fastest 
growing economies in the world and with this the demand for energy is also growing exponentially. 
This situation calls the development of new energy resources such as coal bed methane, gas 
hydrates and shale gas in addition to the other alternate sources of energy. Some progress has 
been achieved in the area of CBM but a lot is needed to be done for the exploration and exploitation 
of gas hydrates. But the real boost to Indian programme has been experienced in the last five years 
with the discovery of gas hydrates deposits in Indian offshore particularly in Krishna-Godavari, 
Mahanadi and Andaman Sea areas, which has prompted the need to deal with lots of technological 
challenges for exploitation of this resource. The present programme of gas hydrate coring/drilling 
and scientific investigations in Indian offshore is an important milestone in this direction. The national 
institutes and oil companies are taking the lead role for the exploratory efforts on gas hydrates. India 
is committed to the development of this important natural resource. With the dedicated efforts of 
national oil companies and the government, India has become the third country in the world to 
undertake such an ambitious programme on gas hydrates in offshore areas. Production from gas 
hydrates is a long-term goal but gas hydrates are very important to India from energy security 
perspective.  
 
Affordable energy is a key requirement for the economic growth of any nation. In Sri Lanka thermal 
power plants provide nearly half of the countryôs energy needs and foreign exchange requirement to 
quench the countryôs demand for petroleum products amount to nearly $ 2 billion per year.  
Recently, Sri Lanka embarked on oil exploration by awarding an exploration block off the west coast 
and more acreage with petroleum potential is available offshore around the island.  In this context 
gas hydrates could be another source of energy from the ocean surrounding the island that could 
contribute to the current energy mix to satisfy the rising demand for affordable energy in the country. 
 
The nature, origin and the mode of occurrence of gas hydrates have been discussed by many 
(Kvenvolden 1993, Bhatangar et al. et al. 2007).  The methane in the gas hydrates could be biogenic 
or thermogenic in origin.  However, much of the gas hydrates around the world is believed to have 
been derived as result of methane generated due to microbial activity (Collett et al. 2008) on organic 
carbon buried with sediments. 
 

Background  
 
The South Asian Association for Regional Cooperation (SAARC) region basically is energy deficient 
and one of the poorest regions of the world with fast growing and thick population. Skyrocketing 
price of commercial oil in recent times, coupled with all other prevailing miseries has seriously 
impeded the economy of the region as a whole. The region is home to 23% of total world population.  
 
However, during the 1995-2005 decade the region has been witnessing an impressive average 
annual GDP growth rate of 5.6%. Countries such as Bangladesh, India, Pakistan and Sri Lanka have 
had a GDP growth rate of 6 to 9% in the recent years. Since there is a direct co-relationship between 
economic growth and energy demand, the accelerating economic growth in the region is expected to 
boost the energy demand. Moreover, even to sustain the robust economic growth, it is necessary 
that the energy demand of the region be sufficiently met by a continuous supply of energy in various 
forms. Despite these impressive economic growth levels, a large proportion of population of the 
region is living below the poverty line. Thus for poverty alleviation and supporting the economic 
growth it is important to explore all possible options to ensure and enhance regular supply of energy 
in the region.  
 
In terms of energy consumption pattern, most of the SAARC Member States, except for India and 
Pakistan rely primarily on one predominant form of commercial energy. Afghanistan and Maldives 
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are heavily dependent on oil. Bhutan, Nepal and Sri Lanka meet a large part of their commercial 
energy needs, especially electricity from hydropower, but are heavily dependent on imported 
petroleum products to meet the energy needs in other sectors of the economy. Bangladesh is 
heavily reliant on natural gas. Such a dependence on a single energy form having no alternative way
-out not only limits the options of meeting diverse energy demands but also increases energy 
security concerns.  
 
Under such a backdrop search for alternative energy source has become imperative upon the 
SAARC region as a whole. A time will come, sooner or later, when there will be no non-renewable 
energy. Keeping this in mind particularly the developed nations, are gradually switching over to 
renewable sources, such as wind, sunlight, tide, geothermal heat, etc. However, since energy 
generation from the renewable sources is very expensive, most of the developing nations are largely 
dependent on the non-renewable sources. Again because of the cleanliness of renewable energy, its 
generation is steadily increasing globally. At the same time another non-renewable alternative 
energy source, the gas hydrates, drew the attention of scientists and hydrocarbon explorers all over 
the world because of its abundance in oceanic sediments and permafrost regions.  
 
Among the SAARC countries one or more sides of India, Pakistan, Sri Lanka, Bangladesh and the 
Maldives are surrounded by the oceans like the Indian Ocean, the Bay of Bengal and the Arabian 
Sea. There is a great likelihood that oceanic sediments adjacent to these countries shall contain 
substantial amount of gas hydrates. In the era of diminishing non-renewable energy sources and 
high oil price SAARC Energy Center (SEC) took the initiative to gather all the available information 
regarding the alternate and non-conventional energy resources like gas hydrates in the SAARC 
region through a study project entitled ñGas Hydrates Resource Potential of South Asiaò. Albeit the 
idea of producing gas from the gas hydrates is still in the brains of researchers and some research 
laboratories, a proven reserve of gas hydrates in the region shall certainly give confidence that some 
day energy security of the region shall be secured while import dependence shall be significantly 
reduced through production of significant amount of natural gas from the gas hydrates.  
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The objectives of the project ñGas Hydrates Resource Potential of South Asia ñ are: 

 

¶ To strengthen South Asiaôs capacity to collectively address global and regional 
energy issues  

¶ To explore and evaluate an alternate and non-conventional energy resources for 
meeting increasing energy demands of South Asia, thereby contributing towards 
more sustainable development in the SAARC member countries 

¶ To ensure energy security of the region and to reduce the import dependence.  

¶ To facilitate and promote regional R&D activities on gas hydrates. 

¶ To assess the resource potential of gas hydrates in the offshore regions of the 
SAARC countries.  

¶ To develop methodology or adopt existing technology of production testing along 
with environmental hazard studies,  

¶ To enhance cooperation in the use of unconventional energy sources in the region.  

¶ To serve as a focal point for providing reliable energy data for the individual member 
countries and the South Asian region 

¶ To enhance SAARC expertise in energy development and management 

¶ To promote private sector investment and participation in energy activities in the 
region.  

¶ To undertake programs to achieve the goals mentioned above.  

 

CHAPTER ð2 

OBJECTIVES  
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SEC engaged short-term experts from Member States (Bangladesh, India, Pakistan and Sri Lanka)  
having gas hydrates potential to prepare the position paper on Gas Hydrates Resource Potential of 
their respective countries based on published information and data with relevant regional and 
international organizations. Mr. Malcolm V. Lall was selected  by the SEC  as the Regional Expert to 
prepare the Regional Report. The Regional Report has been synthesized from the country reports of 
Bangladesh, India, Pakistan and Sri Lanka.  The country reports were  reviewed by SEC 
professionals and the regional expert while the regional report was reviewed by the country experts 
and the SEC professionals. 
 
This report has been compiled placing into record all that has transpired in the Indian context 
pertaining to the Research and Development work associated with Gas Hydrates. There have been 
frequent interactions with the scientists working in this area of research from premier industries 
ONGC, OIL, GAIL, Reliance etc., and the national institutes/academia such as NIO, NGRI, NIOT, 
IIT, etc. There has been an attempt to share all relevant information and evaluate a methodology to 
the working of Scientists in the area of Gas hydrate R&D in a manner wherein information is freely 
shared so as to avoid repetitive work. The report has been critically reviewed by NIO, NGRI, DGH 
and the SAARC Energy Center and all the necessary recommendations have been incorporated. 
 
For this study no direct attempt has been made to map and assess the gas hydrate potential in the 
offshore areas of the SAARC region. This report is mainly based on the available published and 
unpublished literature and seismic data available.  

CHAPTER ð 3  

METHODOLOGY  
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Formation of Gas Hydrates  

 
Methane hydrate, an ice like material, which  is pressure and temperature sensitiveô it requires a 
host of conditions to form and be stable. Disturb these conditions, it will dissociate into water and 
methane gas. A key area of basic hydrate research is the precise description of these conditions so 
that the potential for occurrence of hydrates in various localities can be adequately predicted and the 
response of that hydrate to intentional, unintentional, and/or natural changes in conditions can be 
assessed.  
 
In naturally occurring methane hydrate the fundamental controls on hydrate formation and stability 
are (1) adequate supplies of water and methane, (2) suitable temperatures and pressures, and (3) 
geochemical conditions.  
 
In the arctic, many hydrate accumulations represent pre-existing free gas accumulations that have 
been converted to hydrate by subsequent change in environmental conditions (onset of arctic 
climate post-dated the migration of gas into shallow sandstone ñtrapsò). In the marine environment, 
hydrate is often considered to have formed from solution, as methane is generated by in-situ 
microbial processes to the point where the water becomes saturated with methane and hydrate 
growth begins. There is also a high likelihood that methane hydrate could accumulate in coarser-
grained marine sediments by the migration of gas from deeper, warmer zones, up through various 
pathways such as faults, and into water-bearing shallow sediments where it is then converted to 
methane hydrate.  
 
Methane is formed in two ways. Biogenic methane is the common by-product of bacterial ingestion 
of organic matter (as described in the equation below:  

CHAPTER ð 4  

 REVIEW OF TECHNOLOGY  

(CH20)106(NH3)16(H2PO4) 53CO2+53CH4+16NH3+H2PO4 

How methane is produced in shallow subsurface environments through biological alteration 
of organic matter (with original ratio of Carbon: Nitrogen: Phosphorus of 106:16:1). The 
equation summarizes successive stages of oxidation by oxygen and reduction by nitrates, 
sulfates, and carbonates. (from Sloan, 1990) 

The same process that produces methane in swamps, landfills, rice paddies, and the digestive tracts 
of mammals occurs continually within buried sediments in geologic environments all around the 
globe. Biogenic processes are capable of producing vast amounts of methane, and are considered 
to be the dominant source of the methane trapped in hydrate layers within shallow sea floor 
sediments.  
 
Thermogenic methane is produced by the combined action of heat, pressure and time on buried 
organic material. In the geological  past, conditions have periodically recurred in which vast amounts 
of organic matter were preserved within the sediment of shallow, inland seas. Over time and with 
deep burial, these organic-rich source beds are literally pressure-cooked with the output being the 
production of large quantities of oil and natural gas. Along with the oil, the gas (largely methane, but 
also ethane, propane and other larger molecules) slowly migrates upwards due to its buoyancy 
relative to water. If sufficient quantities reach the zone of hydrate stability, the gas will combine with 
local formation water to form hydrate.  
 
Temperatures and Pressures:  Figure 9 shows the combination of temperatures and pressures (the 
phase boundary) that marks the transition from a system of co-existing free methane gas and water/
ice solid methane hydrate. When conditions move to the left across the boundary, hydrate formation 
will occur. Moving to the right across the boundary results in the dissociation (akin to melting) of the 
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hydrate structure and the release of free water and 
methane. In general, a combination of low 
temperature and high pressure is needed to support 
methane  hydrate formation. 
 

Geochemical Conditions:  In addition to 
temperature and pressure, the composition of both 
the water and the gas are critically important when 
fine-tuning predictions of the stability of gas hydrates 
in specific settings. Experimental data collected thus 
far have included both fresh water and seawater. 
However, natural subsurface environments exhibit 
significant variations in formation water chemistry, 
and these changes create local shifts in the pressure/
temperature phase boundary (higher salinity restricts 
hydrate formation causing the phase boundary to 
shift to the left). Similarly, the presence of small 
amounts of other natural gases, such as carbon 
dioxide (CO2), hydrogen sulfide (H2S) and larger 
hydrocarbons such as ethane (C2,H6), will increase 
the stability of the hydrate, shifting the curve to the 
right. As a result, hydrates that appear to be well 
above the base of hydrate stability (from pressure-
temperature relationships) may actually be very close 
to the phase boundary due to local geochemical 

Figure 9: Methane Hydrate Phases  

conditions. These local variations may be very common, as the act of forming hydrate, which 
extracts pure water from saline formation waters, can often lead to local, and potentially-significant 
increases in formation water salinity.  
 
Simplified Examples of Hydrate Stability : Commonly, methane hydrate phase diagrams are 
presented with pressure being converted to depth to place the diagram in a geologic perspective. In 
addition, the natural geothermal gradient is shown to 
indicate the range of temperatures expected to exist 
as depth (i.e. pressure) increases. The range of 
depths in which the temperature gradient curve is to 
the left of the phase boundary indicates the Gas 
Hydrate Stability Zone (GHSZ). This zone only 
delineates where hydrates will be stable if they form. 
Local conditions and a region's geological history will 
determine where and if hydrates actually occur within 
the GHSZ (see our Geology of Methane Hydrates 
section for more information).  
 
The phase diagram in Figure 10 illustrates typical 
conditions in a region of arctic permafrost (with depth 
of permafrost assumed to be 600 meters). The 
overlap of the phase boundary and temperature 
gradient indicates that the GHSZ should extend from 
a depth of approximately 200 meters to slightly more 
than 1,000 meters. (Note that both the permafrost 
thickness and pressure/temperature gradients in the 
chart are examples and can vary with locality, so 
specially-tailored diagrams must be made before site
-specific predictions of hydrate stability can be 
attempted.)  

       Figure 10: Specific Hydrate Stability for Arctic Permafrost 

http://www.netl.doe.gov/technologies/oil-gas/futuresupply/methanehydrates/about-hydrates/geology.htm
http://www.netl.doe.gov/technologies/oil-gas/futuresupply/methanehydrates/about-hydrates/geology.htm
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The phase diagram in Figure 11 shows a typical 
situation on deep continental shelves. A seafloor 
depth of 1,200 meters is assumed. Temperature 
steadily decreases with water depth, reaching a 
minimum value near 0°C at the ocean bottom. 
Below the sea floor, temperatures steadily 
increase. In this setting, the top of the GHSZ 
occurs at roughly 400 meter - the base of the 
GHSZ is at 1,500 meters. Note, however, that 
hydrates will only accumulate in the sediments or 
as mounds on the seafloor over point sources of 
methane release. 
 
From the phase diagram in Figure 11 for oceanic 
settings, it would appear that hydrates should 
accumulate anywhere in the ocean-bottom 
sediments where water depth exceeds ~400 
meters. However, very deep (abyssal) sediments 
are generally not thought to house hydrates in 
large quantities. The reason is that deep oceans 
lack both the high biologic productivity (necessary 
to produce the organic matter that is converted to 
methane) and rapid sedimentation rates 
(necessary to bury the organic matter) that support 
hydrate formation on the continental shelves.  
 
The final phase diagram in Figure 12 illustrates why no hydrates are found in interior basins at sub-
polar latitudes. At every depth (pressure), subsurface temperatures are too high for methane hydrate 
to be stable.  

Figure 11: Typical  gas hydrate stability zone 
on deep-water continental margins.  

 Figure 12: At sub-polar latitudes temperatures are too high at every  depth for methane 
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Technology Used for the Exploration of Gas Hydrates in the Region :  

 
Gas hydrates are solid in nature and they are formed at certain combination of low temperature and 
high pressure. The bottom of gas hydrate stability zone (GHSZ) is strong reflector of seismic waves. 
This reflector is named as bottom simulating reflector (BSR) in the seismic section. Since gas hy-
drates are not continuous in the GHSZ, BSR may not be continuous. But in 3D seismic interpretation 
not only resolution of BSR increases but also the depositional history of basin and formation of gas 
hydrates can be well studied.  
 
Study of fallowing seismic parameters ensures the presence of BSR.   
 
HIGH INTERVAL VELOCITY:  Identification of areas of interpreted high interval velocities may indi-
cate the presence of gas hydrate. 

 
HIGH AMPLITUDES WITHIN THE GHSZ:  Strong amplitudes above the BSR are viewed as poten-
tial ñdirectò indicators of gas hydrate, particularly when 1) the amplitude is opposite polarity to the 
sea-floor, and 2) when the amplitude is organized in a manner that reflects control by geologic struc-
ture, including anomalous terminations against faults and conformance to structural highs. Such am-
plitudes within the GHSZ are also strongly prospective when they occur in sediment packages that 
show indicators of reservoir quality elsewhere, for example, analogous amplitude features where the 
strata can be traced below the BSR. 
 
High amplitudes within the GHSZ are commonly observed with apparent positive polarity. The poten-
tial for such amplitudes to represent gas hydrate bearing sands (and not regional lithologic bounda-
ries) is strengthened when structural conformance of amplitude response is noted (the amplitude is 
not regionally extensive - see above) or when the amplitudes occur within favorable seismic facies. 
 
ENHANCED REFLECTIONS BELOW THE BSR:  Anomalous amplitudes of   appropriate polarity 
(where polarity are clear) below the BSR are a strong indicator  
of gas sourcing. 
 
BSR is not the failsafe indicator of gas hydrate occurrences. To confirm the presence of gas hydrate 
and to evaluate its potential advance coring/drilling tools must be needed. Since gas hydrates are 
unconventional resources, conventional coring drilling systems cannot work. To maintain the pres-
sure and temperature of gas hydrates cores advance coring and drilling systems and logging while 
drilling would be better. 

 

Exploration Techniques for Identifying Gas Hydrate Resources  
 
The surface area of gas hydrate layers can be calculated measuring the extent of bottom-simulating 
reflectors (BSR) in the seismic reflection profiles, while depths can be calculated by drilling wells. 
Thus multiplying these two factors, the thickness of gas hydrate bearing layers can be obtained.  
 
Porosity can be measured by recovering a sample (core) of the layers during drilling, or by putting a 
logging tool to take measurements. 
 
The rate of volume change of methane contained in gas hydrates tells us how many times the meth-
ane volume increases when fully extracted from gas hydrate-bearing layers by comparing the vol-
ume of the gas hydrate-bearing layer and the methane volume when extracted and at normal tem-
perature and pressure. One unit volume of a gas hydrate is generally thought to yield around 170 
unit volumes of gas. Based on the assumption that 90% of this gas would be methane, this gives a 
rate of volume change of around 150. 
 

Seismic Survey  
 
In oil and natural gas prospecting seismic survey is a common tool for studying the distribution of oil 
or natural gas-bearing sediments. Seismic survey makes it possible to search wide areas of land 
and ocean efficiently. Reflection seismic survey is capable of gathering information from as deep as 
15,000 m or even below the sea floor.  
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Seismic cross sections depict the boundaries between strata of earth with different physical proper-
ties. These boundaries show natural arrangement of the strata, and give a vivid picture of the geo-
logical structure of the area. Because gaining a clear picture of the geological structure of an area is 
an important part of hydrocarbon prospecting, seismic survey is always performed before wells are 
drilled in search of hydrocarbon. 
 
Seismic sections not only show the distribution of evenly arranged geological formations, but it also 
shows many other anomalous features present in the subsurface such as, (1) inconsistent reflectors 
that are not in line with the distribution of surrounding evenly arranged geological strata indicating 
geological faults, channels, etc., (2) reflectors that run more or less parallel to the seafloor indicating 
a multiple reflection or a ñBottom Simulating Reflector (BSR), (3) reversed polarity relative to the 
seafloor or nearby reflectors, confirming a BSR or presence of hydrocarbons, (4) high amplitude re-
flection signal intensity confirming the presence of hydrocarbon, etc.  

Figure 13: Seismic Section Showing BSR, from KG Basin 
                  ( A. K. Sethi, et, el.) 

An anomalous reflector was first identified in 1970 that mimics the sea-bottom. But since it was not 
twice the travel-time of acoustic signal to the sea-bottom, it could not be designated as a multiple 
reflection. It was designated as ñBottom-Simulating Reflectorò (BSR) and inferred to be related 
with the base of gas hydrate-bearing sediment zone. The BSR, often cuts the dominant stratigraphy 
(Fig-13), and is characterized by a strong reverse-polarity event. The BSR is usually interpreted as a 
reflection from the boundary between the high-velocity gas hydrate-bearing sediments and the 
underlying low velocity gas-bearing sediments. The base limit of the hydrate-bearing sediment zone 
on continental margins is often marked by BSR on seismic profiles, thus the distribution of marine 
gas hydrates is easily mapped by seismic survey. Gas hydrate-related BSRs are widely distributed 
on the continental margins.  
 
In 1980s, there was less works of seismic studies of gas hydrates. Since 1990s, seismic studies of 
gas hydrates have developed vigorously. Numerous studies involving forward modeling and 
inversion of seismic reflection have been carried out. These studies are post-stack reflection 
amplitude analysis, post-stack reflection waveform modeling, and calculation of interval velocities 
from RMS stacking velocities, travel time inversion, post-stack acoustic impedance inversion, 
amplitude-versus-offset analysis, attenuation analysis and full waveform inversion. These 
researches were focused on extraction of physical properties, better understanding of the distribution 
of gas hydrates and free gas, and discussion about origin of BSRs (Hai-bin, SONG; China). 
 
By actually drilling wells in areas where seismic surveys confirmed the BSRs that point to the 
existence of natural gas hydrate, the following facts have been verified: 
 

¶ Gas hydrate deposits occur in areas above BSRs, which indicate the bottom of a gas 
hydrate-bearing layer. 
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¶ Free gas is often found below gas hydrate-bearing layers. The density contrast between the 
gas hydrate and free gas makes the BSR significantly apparent on the seismic survey 
record. 

 
In most cases the seismic data studied were acquired for mostly hydrocarbon exploration. 
Consequently BSR thus noticed did not give significant information regarding the thickness of the 
gas hydrate bearing sand, concentration of gas hydrate in the sand and the volume of free gas in the 
underlying sediment. Thus contemporary research is exploring various ways of processing seismic 
survey data to obtain the following information: 

¶ The precise thickness of gas hydrate-bearing layers 

¶ The concentration rate of gas hydrates contained in the layers 

¶ The volume of free gas present 

Seismic survey is an important but indirect method for determining the presence of gas hydrate-
bearing layers. However, information mentioned above remain unknown and more specifically we 
cannot even see the real gas hydrate for ourselves using the seismic survey techniques.  

 

Drilling for Gas Hydrate in Deep Waters and Challenges Posed  
 
After the seismic survey confirms the presence of gas hydrate, it is essential to drill wells and to 
recover samples of gas hydrate from beneath the sea-floor with a view to assessing the true amount 
of gas hydrate deposits and to studying its characteristics. To collect samples of gas hydrate, wells 
need to be drilled in areas with water depth varying from 500mto 3000m. But drilling of wells at such 
water depth is very difficult. For producing valuable hydrocarbon resources, despite the difficulty of 
drilling wells in such water depths, wells are being drilled around the world in waters as deep as 
3,000m.Efforts are currently underway to apply these deep-sea oil and natural gas drilling 
techniques to drilling for gas hydrate-bearing layers. 

 
Drilling in Deep Waters  
 

As has been stated gas hydrate-bearing layers are often found in waters over 500m deep. Moreover, 
gas hydrate layers at shallow depths tend to be thin. Thicker layers of gas hydrates normally exist at 
depths of 1000 m or below. Drilling of wells in the offshore is generally expensive. However, among 
three different types of drilling rigs used in offshore drilling, óJack-up rigô that rest on legs is the least 
expensive. But it cannot be used for drilling in water depths beyond 120 m. The only resort left for 
drilling in such water depths where gas hydrates exists are semi-submersible rigs or drill ships, but 
they are too expensive. Consequently, research is currently underway for custom-designed rigs to 
drill for gas hydrate-bearing layers. It is expected that rigs so designed for the sole purpose of gas 
hydrate drilling will be more cost-effective. Thus improving the efficiency of deep water drilling is a 
great challenge. 

Drilling in Unstable Formation  
 
It was pointed out earlier that stability conditions are met for gas hydrates to be found between 280m 
and 570m below the seafloor in earthôs strata having water depths between 1000m and 4000m 
respectively. Since the gas hydrates exist at quite shallow depths below the sea-floor, it apparently 
seems that development and production of gas should be easy. Unfortunately there are unique 
problems associated with production of gas from gas hydrates at shallow depths. 
 
Rivers flowing onshore bring millions of tons of sediments to the oceans everyday that are 
accumulating on the sea-floor. The perpetual sedimentation process causes the lower sediments 
solidify and harden, while the uppermost layers of the sediments always remain soft and weak. The 
depths at which gas hydrate bearing layers exist are among these weak and unstable layers of 
sediment. 
 
Wells drilled in the loose and unstable formation may enlarge or even collapse, making further 
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drilling impossible. Moreover, since the objective is to intersect a large area of gas hydrate layer, it is 
desirable that wells should be oblique or more preferably horizontal. On the other hand, drilling 
horizontally in the loose sediments is less stable than drilling vertically. Thus critical drilling hazards 
stand as deterrent to drilling and production efficiency. In the oil and gas exploration and production 
problems of this sort are overcome by casings.  
 
Studies are currently underway for developing safe methods of drilling wells for exploration and 
production of gas from gas hydrates that require fewer casings. Thus the problem of drilling in 
unstable formation appears as another challenge. 
 

Preventing Gas Hydrate Dissociation  
 
Dissociation of gas hydrates into methane gas and water is the most desirable phenomenon for gas 
production, but the same is most undesirable and thus must be avoided during normal drilling. Since 
dissociation of gas hydrates would result in gas invasion into the well. If dissociated methane gas 
gets channel into the well, it may re-form in togas hydrate inside the blow-out-preventer (BOP) 
installed on the seafloor, preventing the proper functioning of the BOP. 
 
Thus, during drilling, temperatures should be maintained at such levels that gas hydrate does not 
dissociate. By cooling down the temperature of the drilling mud on the drilling rig, its temperature can 
be controlled. In addition, well temperature simulators have also been developed as part of 
continuing efforts to control temperatures inside wells during drilling. 
 
However, cooling of drilling mud has its irony of facts that cooled drilling mud becomes more 
viscous, making drilling less efficient. That is why; instead of simply cooling the drilling mud, 
chemicals and other additives are mixed with the mud to prevent the dissociation and reformation of 

gas hydrate. 
 
Strong Ocean Currents  
 
Strong ocean-current in the deep sea has serious impact particularly on the ability of a drilling rig to 
maintain its position. Drilling rigs use moorings and/or ship-thrusters to maintain their positions. In 
strong currents, they require mooring systems of enough strength and/or thrusters of sufficient 
power to counter the force of the current. If the mooring system or thrusters break down, drilling 
must be suspended. 
 
There are very few drilling rigs anywhere in the world capable of operating in currents as strong as 5 
to 9 km/hour (3 to 5 knots). In the deep sea even fewer drilling rigs can function in such currents. 
High operating costs are just one of the problems arising under these conditions. As mentioned 
earlier, research is underway on designing specialized gas hydrate drill ships able to function in 
strong ocean currents. 

Gas Hydrate Recovery  
 

Gas hydrates needs to be carefully recovered and analyzed to having a clear view of the physical 
properties of gas hydrate to ensure efficient drilling and production of gas hydrate. Coring is a 
standard technique used in drilling for oil and gas exploration to collect samples of sediments from 
the zone of interest beneath the earth. By attaching a ócore barrelô or ócore samplerô with the drill 
string, sediment samples are normally collected.  
 
If a sample of gas hydrate is brought to the surface using standard coring technique, it will face a 
totally different temperature and pressure environment resulting in dissociation and other dramatic 
changes in physical characteristics. Thus it is not possible to assess the physical properties of gas 
hydrates by analyzing denatured and dissociated core samples collected by using standard coring 
methods.  
 
With a view to overcoming this problem, core barrels have been designed that can keep the core 
samples in conditions closely resembling those of the formation in which gas hydrate is present. 
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Because coring takes place under controlled temperatures and pressure, this core barrel is referred 

to as a pressure-temperature-core-sampler (PTCS).  

Estimates of Gas Hydrate Resources  
 
As stated earlier one unit of methane in gas hydrate contains about 170 units of methane (160-180 
units). Thus obviously with price escalation of crude oil and natural gas, interest on gas hydrate grew 
tremendously to know how much gas is there in the gas hydrates under the earth in ocean and 
permafrost environment. Using geological and geophysical techniques attempts were made to 
quantify the amount of gas hydrate.  

 
Methodologies for Exploitation of Gas Hydrates  
 
Presently there is R&D going on for the exploitation of methane from gas hydrates using the 
following methodologies  
 

1. Thermal dissociation ï A Method in which heat is introduced into the gas hydrates thereby 
destabilizing the same which yields the production of methane and water from the gas 
hydrates e.g. Mckenzie delta Canadian Permafrost Area (2007). 

2. De-pressurization: A method in which the pressure is reduced within the Gas Hydrates 
Stability Zone (GHSZ) leading to the dissociation of gas hydrates into water and gas e.g. 
Mckenzie delta (2008). 

3. CO2 substitution: - A method in which CO2 is injected into the gas hydrates and CO2 
replaces the CH4 in the cage of the hydrates releasing CH4 and forming CO2 hydrates e.g. 
No fields example yet although the experiments has been successfully in laboratory 
conditions. 

4. A combination of all three methods can also be used for the exploitation of gas hydrates. 

 
A completion of two or more of the above methodologies of mining, if the hydrates are found on the 
Seabed of near the Seabed, may proved to be a breakthrough in the production of Methane from 
hydrates. 
 
Hence for commercialization the following are note worthy:  
 

¶ Under appropriate conditions, large volumes of gas can be readily produced at high rates for 
long times from Class 1, 2 and 3 gas hydrate accumulations, by means of depressurization-
induced dissociation. 

 

-  The well designs does not exceed current industry capabilities 

-  Water production rate Qw remains low in Class 1 deposits; in Class 2 and 3, Qw and 

the water-to-gas ratio decline continuously during production (performance improves 
with time) 

¶ The depressurization-based production from any class of hydrate deposits is characterized 
by the development of an upper dissociation interface and a zone of high gas saturation at 
the top of the hydrate interval 

- The importance of confining boundaries cannot be overemphasized 

 

¶ Production from hydrates using currently-available technology does not appear promising 
under conditions that include (among other things): 

 

- The use of pure thermal stimulation 

- Deep water zones and permeable boundaries in Class 2 deposits 

- Any Class 4 accumulation  

 



 
Gas Hydrates Resource Potential of South Asia   

21  

¶ Gas production from oceanic hydrate-bearing sediments by depressurization may cause 
reservoir yielding, significant settlement, and well bore stability problems. 

 

- Unconsolidated sands do not pose significant challenges 

- Unless addressed, the problem may affect the feasibility and or viability of 

production from hydrates in fine-grained media 

- It is possible that geo-mechanical concerns may not allow production from otherwise 

tempting hydrates. 
 

¶ The results of the recent Indian NGHP Expedition 01, and the corresponding analyses, 
provide very encouraging insights: 

 

- They confirm the existence of conditions that are conducive to the formation and 

stability of hydrates at high saturations over large areas 

- They allowed the testing of hypotheses, evaluation of approaches and equipment, 

and the definition of the steps that need to be taken toward production  
 

¶ CO2 substitution method is considered favorable because 

 

- Replacing CH4 hydrate by CO2 hydrate is thermodynamically favorable 

- Offsetting Dissociation Enthalpy: Heat of formation for CO2 hydrate is approximately 

20% larger than CH4 hydrate heat of dissociation 

- Reforming CO2 hydrate mechanically stabilizes the hydrate-bearing sediment 

- Zero net carbon balance 

Conventional Production Method for Oil and Natural Gas  
 

Oil and natural gas that are produced from the wells are found beneath the earth at very high 
pressures caused by the strata of earth. The deeper we go the higher is the pressure. Oil and 
natural gas at this incredible pressure flow naturally to surface through the wells drilled down to 
those depths.  
 
On the other hand, gas hydrate is a solid substance and thus unlikely to flow out naturally in the 
same manner as oil and natural gas. However, if a method could be devised to force gas hydrate 
dissociate underground and generate methane gas, it would have been possible to apply the same 
techniques used in the production of oil and natural gas. 
It is thus obvious that finding an efficient and safe method of triggering the dissociation of gas 
hydrate is an important factor in production. The following are three methods used in the 
experiments for methane gas production from gas hydrates. 
 

Gas Hydrate Production  

Thermal Recovery Method  

 
Attempt has been made to dissociate gas hydrate by circulating hot fluid (water or steam) through 
the drilled well into the gas hydrate bearing layers. The fluid is heated in the surface in a boiler. This 
causes gas hydrate to decompose and generate methane gas. Dissociated methane gas mixes with 
the hot water and returns to the surface, where the gas and hot water are separated. 
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The fundamental problem with this method is that application of heat to the gas hydrate bearing 
layer is not a very simple task. It is rather an inefficient attempt to try to transfer heat throughout a 
gas hydrate-bearing layer. Moreover, there is the possibility that hot water pumped down the well 
from the offshore rig will cool before it reaches the gas hydrate-bearing layers. Because gas hydrate-
bearing layers are found in deep seas, the surrounding sea water will reduce the temperature of the 
fluid. 
 
Moreover, generating the hot water for pumping down to the gas hydrate-bearing layers requires 

tremendous amounts of energy, increasing production costs. 

Depressurization Method  
 

We know that oil and natural gas are found beneath the earth at very high pressures caused by the 
strata of earth above. During drilling for exploration and production of oil and gas, a high specific 
gravity mud is used to overcome the pressure exerted by the formation fluid or gas. The mud also 
prevents the gas or other fluid to come into drill pipe causing an undesirable blow-out. Gas hydrate 
bearing layers are also pressurized by the combined overburden weight of seawater and the 
formation pressure.  
 
Conversely, the depressurization method is an attempt to lowering the pressure inside the well and 
encouraging the gas hydrate to dissociate into methane gas and water when depressurized.  
 
However, depressurizing inside the well will not necessarily lead to depressurization of the entire gas 
hydrate-bearing layer. Research is continuing in an endeavor to find an efficient method of evenly 
reducing the pressure of gas hydrate-bearing layers. 

Inhibitor Injection Method  
 

Inhibitor, such as, methanol is injected from surface down to gas hydrate-bearing layers. This 
method enables gas hydrate to dissociate without changing the pressure or temperature of the gas 
hydrate-bearing layer. 
 
However, research is still being carried out to devise a means of injecting the inhibitor evenly 
throughout the entire gas hydrate-bearing layer. 
 
In March 2002, the first-ever production test was carried out on a gas hydrate-bearing layer under 
land in Canada's Mackenzie Delta region. On this occasion, both the hot water circulation method 
and depressurization method were applied to induce gas hydrate decomposition. A certain amount 
of methane gas was produced as a result of the test. Research is continuing, with the goal of 
improving production techniques and devising even more efficient production methods. 

 
Production Tests by Simulation Study  
 

Oil and natural gas production through drilling wells is a tested and established phenomenon. 
However, the environment in which gas hydrates occur and the properties of gas hydrates are totally 
different from that of oil and natural gas. Thus similar wells drilled for exploration and production of 
oil and natural gas will never bring any positive result in the case of gas hydrates. Every failed 
attempt for production of gas from the gas hydrates, demands for a new and different attempt with 
newer idea. However, drilling wells again and again with new ideas and methodology is obviously 
very expensive.  
 
To avoid expensive drilling in deep waters, computers are used to simulate the amount of methane 
gas generated by each of the various methods. Oil and natural gas industry uses a number of 
production simulation software packages to optimize production and minimize drilling and production 
costs, and these are in the process of being modified for use in the simulation of production of gas 
hydrate. 
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Different groups and organizations of different countries, dedicated to studying gas hydrate's 
properties, are currently undertaking research with the goal of improving the accuracy of these 
simulations. By applying the results of production tests in the future on gas hydrate-bearing layers, it 
is hoped to further develop the simulation software, eventually creating effective tools for commercial 
production of gas from gas hydrate. 
 

Gas Hydrate Production Research and Development  
 

USA, Japan, India, Canada, the United Kingdom, Germany, Brazil, Norway, Russia, China, Korea, 
etc., are the countries actively involved in research and development of gas hydrates. Among other 
countries Japan is executing the most systematic R & D programs on development of gas hydrates. 
ñJapanôs National Methane Hydrate R&D Programme, Phase-1ò started in 2001 and continued up to 
2008. During this period 2D/3D seismic surveys and exploratory drilling offshore Japan, onshore 
production test and basic research on exploration techniques, dissociation methods, production 
technologies, simulator development, environmental impact assessment, etc., were carried out.  
 
Seven organizations from five countries, Japan National Oil Corporation (JNOC, former JOGMEC), 
Japan, Geological Survey of Canada (GSC), Canada, Geo Forschungs Zentrum Potsdam (GFZ), 
Germany, the Department of Energy (DOE) and United States Geological Survey (USGS), US, the 
India Ministry of Petroleum and Natural Gas (MOPNG)-Gas Authority of India (GAIL), India, and the 
BP-Chevron Texaco Mackenzie Delta Joint Venture joined a research and development programme 
of gas hydrate in 2002 known as ñMallik 2002 Gas Hydrate Well Research Programmeò and 
attempted the first gas production test. Thermal stimulation by hot water circulation was tried in the 
test. During the 123.7 hour operation, 470m

3
 gas was produced from the formation. Although the 

success of the test proved that gas hydrate can be a potential gas reserve, the difficulty of the heat 
transport from a well to the formation limited the productivity of the thermal stimulation technique. 
Also the continuous injection of heat to the formation decreases the energy efficiency. More 
specifically, there can be many technical challenges of heat generation and transportation in deep 
water conditions for producing gas from marine environment. 
 
On the other hand, the depressurization technique has advantages of operation and energy 
efficiency. The pressure decrease can be achieved by a simple operation of dropping the fluid level 
in wellbore by pumping water. However, the formation response to the high degree of 
depressurization was unknown in 2002 and many scientists were skeptical of the applicability of the 
technique. Nevertheless, in 2002 scientists attempted small scale pressure drawdown tests using 
wireline pressure logging tools in gas hydrate formations. The results of the test suggested the 
applicability of the simple depressurization technique for gas production. The subsequent series of 
laboratory tests and numerical works done by National Institute of Advanced Industrial Science and 
Technology (AIST), Japan as a part of the MH21 (Research Consortium for Methane Hydrate 
Resources in Japan) study proved the applicability quantitatively.  
 
As a result of the accumulated knowledge and experience, and with the expectation of the future 
application to the Japanese domestic resources, Japan Oil, Gas and Metals National Corporation 
(JOGMEC) and Natural Resources Canada (NRCan) signed an agreement to carry out a second 
production test at the same site for the field scale verification of the depressurization technique. 

Operation Overview  
 

The test site was located 130 km north of Inuvik, in the Mackenzie Delta, and accessible only in the 
winter season after ice road (a road on frozen river or ocean) construction was completed. All of the 
field activities had to be terminated before the close of the ice roads. Due to the narrow seasonal 
operation window, the field work was divided into two winters (January-April 2007 and January-April 
2008).  
 
JOGMEC and NRCan funded the programme and led the research and development studies. Aurora 
College/Aurora Research Institute, Canada acted as the operator for the field programme with 
support from Inuvialuit Oilfield Services who were the project managers. Because the site was 
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located in the very sensitive and weak northern environment, and various precious natural species 
live around the site, the project was required to maximize environment protection measures to 
assure that there was no impact on the wildlife and delicate arctic ecosystem. The test was 
conducted under the strict environmental regulations of Canadian authorities and with the consent of 
local communities. 

Winter 2007 operations  
  

A well drilled for the 1998 research programme (Mallik 2L-38) was reused for the production test for 
reducing drilling waste volumes. In the first winter, the well was modified for the production test, after 
geophysical data acquisition by state-ofïthe-art logging tools and deployment of downhole 
monitoring devices.  
 
Severe cold (temperatures often reached -40

0
C) led to delay of the operation, but the test operation 

could start on the 2nd of April (local time) after the perforation (operation to make holes in the steel 
casing by gun powder) in a 12m interval at 1100m in depth was done and a set of a downhole pump 
systems to decrease the water level were installed. 
 
Sand production (flow-in of formation sand to the borehole with fluid) prevented the continuous 
pumping, and the operation was terminated 60 hours after the start of the pumping. However, during 
the most successful 12.5 hours duration, at least 830m

3
  of the gas was produced and accumulated 

in the borehole. This attempt was the worldôs first gas production by the depressurization of natural 
gas hydrate in geological formation, and the volume of 830 m

3
 
 
exceeded the production volume of 

five-day-operation of 2002. The test result verified the effectiveness of the depressurization method 
even for such a short duration, but left technical challenges. 
 

Winter 2008 operations  
 
 
The goal of the winter 2008 field activities was to undertake longer term gas hydrate production 
testing with countermeasures to the problems of 2007. After the ice road and site construction, and 
preparatory operations on the well, a modified pumping system was run into the hole with sand 
control devices. The pump operation started in the afternoon of March 10 and continued until noon 
of March 16, 2009.  
 

Preliminary results  

 
Sustained gas flow ranging from 2000-4000 m

3
/day was maintained throughout the course of the 6 

day (139 hours) test. Cumulative gas production volume was approximately 13,000m
3
 . Detailed 

analyses though not found, but the test results almost confirmed the hypothesis that the 
depressurization method is the right approach for production of gas from gas hydrates.  
During the test, a lot of data and samples, such as produced gas and water, their rate and volume, 
and downhole and surface pressure and temperatures were obtained. The analyses of the data and 
samples will help understanding gas hydrate dissociation behavior in formations, and contribute to 
the development of more sophisticated production techniques. Japanese and Canadian research 
teams are analyzing the data and will publish scientific and technical papers duly.  
 
Within the MH21 research programme of Japan, AIST is developing a reservoir simulation model 
called MH21-HYDRES. The predicted gas production rate by the MH21-HYDRES has fairly matched 
with the observed value for the stable production terms. By analyzing the data of the production test, 
there will be further improvement in the modeling.  
 
Extensive research programme is being implemented for the development of effective production 
techniques to change the naturally occurring gas hydrate to a valuable energy resource. The 
success of the production test in northern Canada is a great step forward. 
 
A simulation result of MH21-HYDRES applied to one concentrated zone of the Eastern Nankai 
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Trough, Japan revealed that the potential gas production rate from a single wellbore by the 
depressurization method can exceed 50,000m

3
/day. The difference from the onshore production test 

result is caused by the extent of production interval, temperature and pressure conditions, geological 
and petro-physical conditions. 
 
However, many technical glitches are standing out there as challenges for the application of 
depressurization techniques in marine sediments beneath deep water. Such technical challenges 
should be solved and verified through future production tests.  
 
The future Gas Hydrate development should be environmentally friendly. Experience gathered and 
lessons learnt in the delicate northern environment of Mackenzie Delta will help take necessary 
research programs on environmental assessment and protection issues. 
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Economical Importance of Gas Hydrates  
 

According to the 2009 World Energy Outlook published by the International Energy Agency (IEA), a 
scenario in which current laws and policies remain unchanged throughout the projection period -
world marketed energy consumption is projected to grow by 44 percent over the 2006 to 2030 
period. Fossil fuels account for 77% of the increase in world primary energy demand during the 
period 2007-2030 (Figure 14). Given the large matrix of parameters affecting energy supply and 
demand, economic conditions, and population growth, predicting the growth in energy consumption 
and the availability of energy sources is risky and prone to wide uncertainty. However, historical 
trends show that changes in consumption pattern occur rather slowly, given the large infrastructure 
that supports resource extraction, conversion, and supply, and the current patterns of energy 
utilization. Changes require massive investment and a population willing to support such investment. 
Changes also follow the discovery of more convenient forms, such as the rise in petroleum and fall 
of coal in mid-twentieth century, and technologies that enable the large-scale introduction of 
alternatives, such as nuclear energy. Economic factors largely rule energy source utilization and its 
penetration.  

CHAPTER ð 5  

 ECONOMIC AND ECOLOGICAL ASPECTS OF 

GAS HYDRATES  

Figure14: Expected change in worldôs primary energy demand during the period 2007 to 2030. Fossil fuels 

account for 77% of the increase in world primary energy demand in 2007-2030, with oil demand 

rising from 85mb/day in 2008 to 88mb/day in 2015 and 105mb/day in 2030 (World Energy Out-

look, 2009). 

Fossil fuels reserves and resources (those believed to exist, but their extraction requires different 
economic and operating conditions) have a finite lifetime, perhaps 100 to 300 years, depending on 
the fuel type, recovery rate, search and production technologies, exploration, and consumption 
rates. Current predictions indicate that the lifetime of oil ranges from 50 to 75 years for the reserve, 
whereas resources are predicted to last for 150 years (Ghoniem, 2008). 

 

Natural gas is expected to last longer, nearly twice as long as oil. Coal, however, is plentiful and is 
expected to last for several hundreds to thousands of years. These estimates are approximate at 
best because the recoverable amount of the resource is strongly dependent on the available 
technology, cost, and consumption pattern. With the current projections of reserves and resources, it 
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is coal that will last the longest, with oil running out the fastest. Coal is available worldwide and 
playing major role in many of the fast-developing economies, such as China and India. Taking into 
account other heavy sources of hydrocarbon, such as oil shale and tar sands, recoverable liquid fuel 
estimates increase substantially. Other hydrocarbon resources include deep ocean methane 
hydrates which constitute a new unconventional gas play, and may prove to be one of the major 
energy resources of the 21st century. For a number of countries, hydrate may be the only 
indigenous option for non-renewable, combustible energy resources. 
 
Based on the degree of economic feasibility of gas hydrates recovery the gas hydrate resources are 
categorized broadly into three categories (Milkov and Sassen, 2002). Numerous geological, 
technological, and economic factors affect the economic feasibility of gas hydrate recovery. i). 
Economic gas hydrate reserves include gas hydrate accumulations from which natural gas might be 
produced profitably under defined investment assumptions, ii) Gas hydrate reserves (marginal and 
economic) are part of the identified gas hydrate resources that may border on being economically 
extracted or produced at the time of determination but would be producible if economic or 
technological factors change, and iii) Sub-economic gas hydrate resources are that part of identified 
resources that do not meet the economic criteria of economic reserves and marginal reserves. 
However, more detailed quantitative economic analysis is needed to determine the reserve status of 
gas hydrate accumulations. The preliminary qualitative analysis below may be useful for directing 
further gas hydrate exploration (Figure 15). 

 

  Figure 15: Resource/reserve classification scheme for natural gas hydrates with examples 
(after,Milkov, 2002) 

The worldôs Gas hydrate resources are estimated at 7100 TCM of gas hydrates under standard tem-
perature and pressure conditions. From the Fig.19, it is understood that most of the gas hydrates are 
found in reservoirs having poor permeability and would therefore be classified as Non extractable. 
However gas hydrates which are found in massive occurrences in fractured reservoirs may be ex-
tractable. This leaves a very small percentage of the global gas hydrate reserves which can be 
placed in the category of extractable resources. 
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Figure16: The environmental distribution of the gas hydrates globally 

The disseminated gas hydrates in sands from the Nankai Trough area, Japan (Figure 17) and 
presumed to be the easiest for extraction. The gas hydrates recovered from the Indian Deep water 
area of Krishna Godavari are massive in fractured shales (Figure 18) and the technology for its 
extraction has to be very different from what is currently perceived.  

Figure 17: Disseminated gas hydrates in sands   
from the Nankai Trough area, Japan  

 Figure18: Gas  hydrates in fractured shales in 
                 Deep water area of K-G basin, India  

Ecological Implications of Gas Hydrates  
 

When natural gas (hydrocarbon, containing carbon and hydrogen atoms) is burned, it emits carbon 
dioxide, one of the substances that lead to global warming. But the amount released is less than 
when coal or oil is burned, making natural gas a relatively clean source of energy. For this reason, it 
is anticipated that gas containing methane sourced from gas hydrate will rank with natural gas as a 
clean source of energy. Oil and coal, when burned, emit air pollutants such as sulfur oxides and 
nitrogen oxides. Natural gas, however, when burned, results in virtually no emissions of sulfur 
oxides, or nitrogen oxide.  
 
However, burning a gas whose principal component is methane obtained from gas hydrate will 
definitely emit some sulfur dioxides and nitrogen oxides. But the level of this emission is not yet 
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known to date. It is though anticipated that, like natural gas, methane from gas hydrate will be 
cleaner than oil and coal. But since methane itself is a greenhouse gas with 21 times the potency of 
carbon dioxide, its release into the atmosphere without being burned is undesirable.  
 
Both carbon dioxide and methane break down over time after being released into the atmosphere. 
However, whereas it takes around 50 to 100 years for carbon dioxide to break down, methane 
dissolves after around 7 to 12 years. For this reason, it would be unwise to approach the 
greenhouse effects of methane in the same way that carbon dioxide is approached. This doesn't 
mean it is desirable for large quantities of methane to be released into the atmosphere. Research is 
still being carried out on the environmental impact of methane.  
 
To produce methane gas from gas hydrate safely and without harming the environment, many wide-
ranging environmental issues will be needed to be addressed. For this reason, before going into 
development and production, it is essential to undertake appropriate investigations and research in 
regard to its environmental impact. Prime consideration should be that attempts for the development 
and production of methane from gas hydrates are for the benefit of the humankind. If the production 
of methane from the gas hydrates, instead of benefiting, proves to be detrimental to the humanity, its 
development and production should not be continued further. 
 
Methane gas hydrates are receiving increasing attention because they are regarded as a major 
energy source suitable for future exploitation (Sommer et al., 2002). Moreover, the global climate of 
the geological past might have been repeatedly effected by greenhouse gases released from 
hydrates. Marine hydrates are common in sediments deposited at polar continental shelves and at 
the slope and rise of productive continental margins. Usually, they occur at depths well below the 
sediment surface because methane is rapidly oxidized by microbial consortia using pore water 
sulfate as oxidizing agent. Nevertheless, near-surface gas hydrates have been discovered at a 
constantly increasing number of continental margin sites affected by gas and fluid venting over the 
last years (Sassen et al., 1998; Sassen et al., 2001; Egorov et al 1999; Ginsburg et al., 1999; 
Ginsburg et al., 1993; Suess et al., 1999). In these areas, methane is rapidly transported to the 
surface sediments with ascending fluids or gas bubbles so that a strong supply of methane from 
deep layers compensates for methane oxidation and decomposition. Methane transport from below 
and the constant dissolution of gas hydrates produce a steady flux of methane to the surface, 
supporting rich benthic ecosystems based on the anaerobic and aerobic oxidation of methane and 
dissolved sulfide. The oxidation of the ascending methane by sulfate occurs in narrow zones near 
the sediment surface, where sulfide and bicarbonate are released into the pore water:  

CH4+SO4
2
īŸHCO3ī+HSī+H2O   (Eqn.1) 

 
The sulfide is transported to the sediment surface where it is further oxidized by aerobic bacteria 
using oxygen and nitrate as terminal electron acceptors. Bicarbonate released during anaerobic 
methane oxidation (Eqn. 1) increases the alkalinity and supports the precipitation of authigenic 
carbonates according to (Berner, 1980):  

Ca2++2HCO3ī CaCO3(s)+CO2+H2O  (Eqn.2) 

High- and low-magnesium calcite as well as aragonite precipitates are abundant around cold vent 
sites where methane-rich fluids are present in surface sediments (Kulm et al., 1986; Bohrmann et 
al., 1998). Carbonate precipitation in these sediments is regarded as a major sink of methane 
derived carbon and seawater Ca (Han and Suess,1989) even though precipitation mechanisms and 
rates are still poorly understood. 

The studies at Hydrate Ridge, a segment of the Cascadia convergent margin site have revealed high 
and variable rates of fluid venting (Linke et al., 1994, Tryon et al., 1999; Tryon and Brown, 2001), 
gas venting and out-cropping of gas hydrates (Suess et al., 1999), abundant carbonate precipitates 
(Bohrmann et al., 1998), and rich benthic ecosystems relying on the oxidation of methane and 
sulfide (Suess et al., 1999; Boetius et al., 2000; Elvert et al., 2001). The effects of methane released 
from decomposing surficial and subsurface gas hydrates on standing stocks and activities of the 
small-sized benthic biota (SSBB; i.e. bacteria, fungi, protozoa, and meiobenthic organisms) is 
essential to be studied in the Indian offshore region.  
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Environmental Impact of Submarine Gas Hydrates  
 
Natural gas hydrates are important since they are: i) a huge energy resource, (ii) a factor in global 
climate change, and (iii) a submarine geohazard (Kvenvolden, 1999). Since gas hydrates have been 
viewed as an alternate energy resource, we need to understand the impact of their exploitation in 
terms of ecology and economics. We shall now discuss briefly the impact in terms of climate change 
and geohazards such as slope failure. Since the recent drilling indicated the presence of thick accu-
mulation of gas hydrates in the Krishna-Godavari offshore area, an understanding of the effects of 
methane gas release is vital (Ramana et al., 2007). 
 

Slope failure  
 

Gas hydrate not only holds a huge volume of gas under high pressure in an ice-like crystalline solid 
substance, but it also acts as a binding agent that holds together the sand and mud that make up the 
strata under the seafloor. 
 
Some of the seismic sections and the high resolution swath bathymetry map of Krishna-Godavari off-
shore area, a part of the eastern continental margin of India and situated in the upper slope with a 
steep gradient show the presence of slumping/ sliding, collapse depressions and rollover structures 
(Figs.19 & 20). These slumping structures are attributed to the slope failure either caused by the neo-
tectonism or destabilization of gas hydrate zone due to the fluctuations in the sea level and rapid 
deposition of sediments. Dillon et al., (1998) suggested that these processes such as slumping/ slid-
ing, collapse depressions, rollover structures, sea level fluctuations and any tectonic disturbances can 
alter the in situ pressure or temperature regime. In adjusting to the new pressure/temperature condi-
tions, the gas hydrates dissociate, producing an enhanced fluidized layer at the base of the gas-
hydrate zone, and trigger expulsion of pressurized fluid/ gases. Submarine slope failure can follow, 
giving rise to debris flows, slumps, slides, and collapse depressions, etc. During gas-hydrate forma-
tion, methane and water become immobilized, restricting pore space and retarding fluid migration 
(McIvor, 1992). This results in decrease of permeability in the sediments. Eventually, gas hydrates 
may occupy much of the pore space within the gas hydrate stability zone, and continued deposition of 
sediments leads to deeper burial of the gas hydrate; and with depth, the temperatures increase at the 
base of the stability zone resulting in destabilization of GHSZ. The solid gas/water mixture (i.e. the 
gas hydrate) will become a liquid gas/water mixture. Thus, the basal zone of the gas hydrate be-
comes under consolidated and possibly over pressurized because of the newly released gas, leading 
to a zone of weakness. Slope failures and/or submarine landslides result because of low shear 
strength, triggered by gravitational loading or seismic disturbances. 
 
Recent studies elsewhere also suggest that slope failure may be accompanied by the release of 
methane gas into the water column, but much of the methane is likely to be oxidized unless the gas 
release is catastrophic. Low to medium concentrations of methane are reported in the deeper levels 
of the water column in the Bay of Bengal (Berner et al., 2003). The deep methane anomalies may not 
exchange with surface waters, and hence may not form a source of atmospheric methane. Several 
researchers take the view that unless a major catastrophic event occurs, the amount of methane that 
will be released from the gas hydrates either by destabilization due to minor variations of pressure 
and temperature conditions or by low order neotectonism to atmosphere may not pose a serious 
greenhouse threat. Periodic Pleistocene eustatic sea level transgressions and regressions provide 
mechanisms to account for the waxing and waning of submarine gas hydrates (Kayen and Lee, 
1991). In the present study, the observed methane anomalies can be related to gases emanating 
from the sediments as seen by the presence of several gas escape features on the seismic records.  
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Figure19: Swath bathymetry map showing the high resolution seafloor mosaic of the Krishna-
Godavari offshore. TC: Turbidity Channel; SR: Sedimentary Ridge; SS: Sliding/
Slumping; TTF: Toe Thrust Fault 

Figure20: Anomalous seismic reflections (BSRs) are seen distinctly mimicking the 
seafloor topography in most of the multichannel seismic records 

 


