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Abstract- Gas hydrates are the solid, crystalline compounds which are formed under low temperature and high pressure 
conditions of permafrost regions & mostly in deep sea sediments. Gas hydrate deposits are abundant in nature and can be 
utilized as a future energy resource. Various researches and experiments have performed on its production and are still going 
on to make it possible economically. This paper reviews the major production techniques which have been employed in 
extraction of natural gas from hydrate deposits along with their field experiment. It also put emphasis on current 
environmental challenges related with natural gas hydrate along with solutions. 
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I. INTRODUCTION 
 
Gas hydrates are solid, ice-like crystals which are 
formed when gas molecules come in contact with 
water molecules where adequate pressure & 
temperature conditions prevail. This zone is termed as 
GHSZ (Gas Hydrate Stability Zone) where low 
temperature and high pressure conditions exist. Gas 
hydrates have great amount of potential energy store 
inside it & are mainly found in permafrost regions of 
arctic or in deep sea sediments. In permafrost regions, 
they are deposited within the depth range of 150 to 
1200 meters while 700 to 3700 meters in deep sea 
sediments. The difference in formation due to GHSZ 
which varies from region to region & sediment to 
sediment. In arctic, gas hydrates are formed at 
shallower depths in comparison to oceanic deposits. 
The structure of hydrate is stabilized by guest gas 
molecules due to the presence of Vanderwaal forces 
between gas & water molecules. These gas molecules 
stabilize the structure enough that inspite of 
increasing the melting point of hydrate to several 
degrees above 0o, it remains unaffected. The gas 
molecules freely move in the structure as there is no 
chemical bond between water molecules and gas 
molecules. Gas hydrates are stable under specific 
temperature and pressure conditions within a zone 
due to which its formation characteristics varies. This 
clathrate formation is mostly favored in coarse 
sediments Where high permeability and porosity 
exists. The      gas molecules constitute high 
percentage of methane (75 to 95 %) while ethane, 
propane or hydrogen sulphide in trace amount. In all 
cases, gas hydrate will only form if there is sufficient 
supply of methane. The general formula for methane 
hydrate is CH4. nH2O, where ‘n’ denotes the variable 
number of water molecules within the lattice. 
 

 
Fig.1 Structure of gas hydrate molecule. 

II. ESTIMATION OF GAS HYDRATE 
RESERVES 
 
The accumulation of methane gas content in hydrate 
deposits is enormous & globally it accounts for 3500 
to 7,500,000 TCM (trillion cubic meter) 
approximately. The US has around 10000 TCM of 
NGH (natural gas hydrate) reserves in which 50 
percent of an amount comes under the region of 
Alaska. The Krishna Godavari & Mahanadi Basins In 
India also contain the speculative amount of  NGH 
within the range of 1800 to 2000 TCM. The NGH 
accumulation along the coastal regions of Japan is in 
the order of 4.5 to 8 TCM which is enough to provide 
energy for their consumption up to 40-50 years. Over 
250 gas hydrate deposit sites have been discovered 
around the world. World’s energy consumption rate is 
going to increase 40 to 50 percent till 2050 as 
compare to present’s rate. The conventional fuels 
which have been used for energy production are not 
capable to meet energy crisis up to that limit. 
Methane hydrates could be used as an energy 
resource for future as its worldwide accumulation is 
more than estimated. The process of exploring & 
extracting the methane from hydrate deposits without 
having much impact on environment is challengeable. 
 
III. NATURAL GAS EXTRACTION FROM 
HYDRATE DEPOSITS 
 
The stability of hydrate structure within the seabed or 
in arctic shelf depends upon temperature & pressure 
conditions. The production of gas through hydrate 
deposits requires the dissociation of structure by 
altering the pressure & temperature characteristics. 
This can be done in two ways i.e. by reducing the 
pressure or by increasing the temperature. There are 
several possible techniques have used for its 
production so far & are described as: 

A. Hot Water Circulation Method: In this 
method, hot water or liquid steam is used for 
dissociation of hydrate structure by increasing 
the temperature. This method is also termed as 
‘Heating Method’ in which hot water is 
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pumped within the region of hydrate deposits. 
This in turn, causes the hydrate structure to 
break due to the increase in temperature 
beyond the Gas Hydrate Stability Zone & once 
the structure dissociates, the gas can be carried 
out with further processing techniques. The 
schematic diagram of this method is shown in 
the left side in Fig. 2. 
                                                                                                                                                                                                                                                                                       
This technique was once successfully carried 
out at the Mallik site in the Mackenzie delta in 
the Northwest territories of Canada. It was 
stated as the First Onshore Gas Hydrate 
Production test & was carried out in 2002. In 
this test, gas was recovered from the depth of 
1050-1150 meters approximately by 
circulating the hot water typically at a 
temperature of 78o centigrade. The test was 
carried over five day production period & 
successfully extracted around 470 m3 of 
methane gas. 
 

B. Depressurization Method: This method 
involves dissociation of hydrate deposits by 
lowering the pressure as hydrate deposits are 
stable under high pressure conditions. The 
reduction of pressure allows the hydrate 
structure to break & results in release of gas 
from deposits. This dissociation technique has 
been preferred more over the Hot Water 
Circulation method & was carried out in the 
second onshore Gas Hydrate Production Test. 
The test was carried at the site in the 
Mackenzie delta in Canadian Arctic in two 
phases i.e. in 2007 & 2008. These were termed 
as First Winter Test & Second Winter Test 
respectively. The results of this test were 
analyzed by using a numerical simulator i.e. 
MH21-HYDRES. 
                                                                            
In First Winter test, The production of gas was 
carried out at a depth of 890-1100 meters. The 
test was not proved successful due to poor 
pumping operations & had to stop just after 13 
hours of operation. The reason behind the 
failure was excessive sand production which 
stalled the pump. Due to irregular pumping 
operations, the produced gas was not 
recovered up to the surface but accumulated at 
the casing area. After developing measures to 
prevent excess sand production, a test was 
carried out again at the place & was termed as 
Second Winter test. This test proved to be 
successful over the first one as it was carried 
up to 6 days & approximately 13000 m3 of gas 
produced over the time. Even in 2013, this 
technique was used to retrieve methane up to 
the surface in an ocean basin Nankai Trough 
while South Korea explored this in 2007 in an 
Ulleung Basin in the Sea of Japan. The 

schematic diagram is the center image in Fig. 
2 
 

C. Carbon Dioxide Injection Method: This 
method involves swapping of carbon dioxide 
with methane gas in hydrate structure instead 
of dissociation of structure in above cases. 
This provides The stability of structure within 
seabed & has an advantage over other existing 
techniques. The carbon dioxide gas is infused 
within the deposits which in turn replaces the 
methane gas because of its strong bonding 
with water molecules. The stability of the 
resulting carbon dioxide hydrate is more in 
comparison to the methane hydrate. The 
process of methane hydrates swapped by Co2 
has been proved feasible kinetically & 
thermodynamically. Methane & Co2 hydrate 
can form only stable structure I hydrate instead 
of structure II. The chemical formula for 
structure I i.e. S I hydrate is 8CH4.46H2O 
(where 8 denote potential gas sites & 46 
represent water molecules). In 2011-12, an 
Ignik Sikumi Project was carried out in the 
permafrost of northern Alaska with this 
technique in which binary mixture of Co2 & N2 
used for injection process. The schematic 
diagram of this method is shown in the right 
side in Fig. 2  
 

 
Fig.2. Natural gas production techniques from hydrate 

deposits. 
 

IV. ENVIRONMENT CONCERNS RELATED 
WITH GAS HYDRATE RESERVES AND 
SOLUTIONS 
 
Methane often consider as a clean source of burning 
in comparison to other conventional fuels like coal, 
petroleum as it produces lesser amount of carbon, 
sulphates & nitrates on combustion. It should not be 
ignored that methane is a greenhouse gas & is more 
dominant than CO2 (21 times). The direct release of 
the gas in atmosphere could disturb environment 
conditions & exacerbate global warming levels. Even 
in marine environment, the uncontrolled release of 
gas can alter carbonate formation, PH levels & 
dissolved oxygen levels. The determination of 
methane hydrate deposits within a region is a half 
way done in the process & more depends on effective 
production techniques. The drilling operations during 
the dissociation of NGH evolve a part of heat which 
in turn, enhances the breakdown  
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Process. This affects the hydrate deposits which are 
in the vicinity of original sample & results in slope 
failure. This is not the case while drilling in thick 
sediment packages. The seafloor stability is also one 
of the major environmental challenges that need to 
keep in check during hydrate dissociation process. 
The improper working operations could lead to 
disturb seafloor stability which results in underwater 
landslides along the continental shelves & could 
trigger Tsunamis. The swapping of carbon dioxide 
with methane in hydrate deposits could help in 
maintaining the stability of seafloor. The hydrates can 
also dissociate if subjected to change in temperature 
& pressure conditions naturally. In arctic permafrost, 
the deposits are found at shallower depth due to its 
favorable low temperature conditions for formation. 
Due to global warming, these deposits can thaw & 
results in release of methane gas to atmosphere. 
According to researchers, the accumulation of gas in 
permafrost is not large in amount as compare to 
oceans but its impact will be seen more on large time 
scale whereas. In marine environment, pressures are 
high enough that even with slight increase in 
temperature conditions, hydrate structure would not 
get affected. Even if hydrate dissociates, most of the 
methane which rises up is dissolved within sediments 
if temperature & pressure conditions prevail while a 
part of it is able to reach the surface. 
 
CONCLUSION 
 
The total accumulation of methane in gas hydrate 
reserves worldwide could serve the energy demand to 
meet the global energy crisis. Coal Bed Methane & 
Shale Gas are other resources which are also 
exploring to fulfill the future’s energy demand. 
Methane is the production fuel in these three 
unconventional resources but the production 
techniques are quite different in each case. The 
production of methane from natural gas hydrates 
looks more prominent due to its large occurrences 
globally. The different production techniques have 
used so far in the extraction of methane up to the 
surface which comprises certain challenges. The Hot 
water circulation method is expensive as it requires 
energy to heat the liquid while Depressurization 
method is inexpensive as compare to circulation 
method. These two methods involve the dissociation 
of hydrate structure prior to begin the production of 
methane from deposits. Gas hydrate dissociation 
often results in seafloor instability which causes slope 

failure under improper working operations & this 
could be one of the major drawbacks of these 
methods. The Carbon- injection method doesn’t 
involve Dissociation of hydrate but swapping of 
carbon dioxide with methane in deposits. The 
exchange rate between CO2 & CH4 could be slow 
throughout the process but it can be enhanced by 
using CO2 in liquid form. The better replacement rate 
can make the process more effective over other 
techniques. The use of binary mixture of carbon 
dioxide & nitrogen could also result in better 
recovery rate instead of pure CO2. The technique for 
production of methane in an economic way & without 
having much impact on environment is still 
prospecting. 
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