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GAS HYDRATES 

ÅSolid state of gas and water where the water 

molecules form a cavity that encapsulates the 

guest molecule. 



Why are hydrates of interest? 
ω Initial interest as a curiosity 

ωPlugging of production and transportation pipelines 

Department of Physics and Technology 



Renewed interest 
ςSignificant amount of energy 
ωPermafrost regions 

ωMarine environments (high water column) 

Hester and Brewer, 2009 

Department of Physics and Technology 
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Hydrate  as Energy Resource  

Gas Hydrates Resource Pyramid (left). To the right is an example gas resources 
pyramid for all non -gas-hydrate resources. 

Ref.: Fire in the  Ice ,  U.S. Department of Energy Å Office of Fossil Energy Å National Energy Technology Laboratory 



Modified from "GAS HYDRATES OF NORTHERN ALASKA", January 2005 

Evaluation of Alaska North Slope Gas Hydrate Energy Resources: A Cooperative Energy Resource Assessment Project  

US Bureau of Land Management, US Geological Survey, & State of Alaska Division of Geological and Geophysical 

Surveys 

Bob Fisk, USBLM, Anchorage, Alaska, Tim Collett, USGS, Denver, Colorado & Jim Clough, DGGS, Fairbanks, Alaska  

Gas Hydrate Production Methods 

-  CO2 Flood  



CH4 PRODUCTION INDUCED BY CO2 INJECTION 

ωProvides thermodynamically more stable gas hydrate than 
CH4 

Husebø, 2008 

Experimental 

Conditions 

Department of Physics and Technology 
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GAS HYDRATE PRODUCTION METHODS  

ÅMove the gas hydrate outside its 

stability region 

ïDepressurization 

ïThermal stimulation 

ïHydrate inhibitors  

ÅCO2 exchange 
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ÅThe amount of energy bound in hydrates may be more than 
twice the worldôs total energy resources in conventional 
hydrocarbon reservoirs; i.e. oil-, gas- and coal reserves 
 

ÅSimultaneous CO2 Sequestration 
 

ÅWin-win situation for gas production 
 

ÅNeed no hydrate melting or heat stimulation 
 

ÅSpontaneous process 
 

ÅNo associated water production 
 

ÅFormation integrity  

CO2 Exchange: Project Motivation 



 

CO2 storage in hydrates  

with associated methane 

gas production 

 

Challenge: 

Determine exchange mechanisms during potential 

sequestration of CO2 to produce methane from hydrates 



Three component Phase Field 

Theory 
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Parameters Ů and w can be fixed from the interface thickness 

and interface free energy. Ů ij set equal to Ů 



CO2 Storage in Hydrate Reservoirs with Associated 

Spontaneous Natural Gas Production 

In-Situ imaging (MRI) of 

hydrate formation 
Methane production by 

CO2 injection in field test 
in Alaska 2012 

Objectives:  

 Experimentally and theorethically determine spontaneous methane 

production when hydrate is exposed to CO2; with the purpose of  CO2 

sequestration. 

Methane hydrate reservoirs 
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