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• 72 L high pressure 
reactor tested up to 
2000 psi

• Walk in cooler 
operates from -14 to 
25 oC 

Calculations and simulations using FEMLAB™ show:

● The in-situ combustion method offers an energy efficient 

● Among the heating conditions, constant heat flux has a better efficiency.

Methane hydrate is formed when water molecules freeze around 
a molecule of methane gas. 

The locations of hydrates have been recorded in marine and 
permafrost environments throughout the world.

The amount of energy stored in natural gas hydrates is 
significantly more than that of all the other fossil fuels 
combined. 

A preliminary model was developed using a Finite Element Code (FemLab®) to simulate 

the temperature distribution that would develop when a heat source is applied locally. 

Run     
Hydrate 

loading


T=1000 oC 0.2 0.72

T=1000 oC 0.5 0.52

Qin= 4 KW 0.1 0.92

Qin= 4 KW 0.2 0.90

Qin= 4 KW 0.5 0.74

Qin= 40KW 0.2 0.42

Simulation of Heating Condition

Objectives

• Design and build large scale experimental test apparatus.

• Experimental investigation of the production methods.

•Depressurization

•Chemical stimulation

•Thermal stimulation [1]

• FEM coupled Mathematic model of methane gas production.

SimulationIntroduction

Conclusion

• Increasing global energy demand

• Hydrate research is moving towards production

• No identified efficient method

• Expensive Field test

• Need more production test data

 Large scale reactor has been built and tested.

 First time, Transition regime during hydrate depressurization  was  
observed.  

 In transition regime, dissociation will be intensified. Water and ice will be 
formed at the same time. 

 An anomalous increase in the recovered gas volume is observed in the 
hydrate dissociation regime.

Experimental data shows the hydrate formation starts from the gas-water 
interface.

 Model predicts that lower heating rate has higher efficiency.

Experiment System Setup

• Experimental data from E to F shows T3 departs 

from phase line indicating more intense dissociation.

• From F to G, Pressure has an abrupt increase

• Temperature jump back to 0OC F   G

• Model[2]  calculation predicts the exists of 

transition regime. 

• In transition regime, hydrate dissociation is 

intensified,  ice and water forms simultaneously.

• Mass production has an abnormal increase. 

Ice Formation Test VS Simulation

Experiment Result

• Hydrate formation starts from the top interface.

• Hydrate formation starts at around 600 psi

• Hydrate formation throughout the reactor.

Temperature and Pressure Changes 
during Hydrate Formation

Temperature and Pressure Changes during 
Hydrate Formation & Depressurization

Temperature and Pressure Changes 
during Hydrate Depressurization

Worldwide distribution of confirmed or inferred offshore gas hydrate-bearing sediments. USGS  Report 96-272. [1]

Survey, U.S.G.  2003 http://pubs.usgs.gov/fs/gas-hydrates/
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[1]. Marco J. Castaldi , Y.Z., Tuncel M.Yegulalp, . Journal of Petroleum Science and Engineering, 2006. 56: p. 176-185.

New Thermal Stimulation Approach: Point Heat Source
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Permafrost
10%-40%

Ocean
2%-5%

Temperature and Flow Changes 
during Hydrate Depressurization
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