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Research Objectives
• Analyze and understand the distinct
thermodynamics CO2 and CH4 hydrate formation
• Show experimentally that CO2 injection to CH4
hydrate causes CH4 release and CO2 hydrate
formation
• Analyze the composition of released gas from a test
of methane hydrate + CO2 gas
• Create hydrates of both gas and liquid phases of
both gases

The Science Behind the Gas Exchange

Preliminary Results

• At water depths of 3000 m and deeper a ”CO2 -hydrate
formation zone”exists, where temperature and pressure
conditions cause CO2 to exist in hydrate form.

Methane Hydrate Formation: With pure methane first
(left) and with 27 psi residual CO2 afterwards (right)

What are Methane Hydrates?
• Found in permafrost and deep ocean conditions at
continental margins
• Estimates of hydrate bounded carbon in seabed
range from 10,000 to 60,000 Gt C

Figure Left Source: Castaldi, M., JPSE, 2007: The phase diagram showing both hydrate conditions for CO2 and CH4; Figure
Right Source: Schicks, GFZ Potsdam, 2007; Schematic of exchange

Apparatus and Devices Used

Source: Kvenvolden & Lorenson (2001) and Milkov (2005); Figure left: Worldwide map of more
than 90 documented hydrate occurrencesl Figure right: hydrate formation zone

• Research devices used include: 72 L out diameter apparatus
saturated with sand and water, gas chromatograph for analyzing
exting gas composition, mass flow controller, data acquisition
device fro 7 thermocouples, 1 pressure transducer, and flow rates
• 98% purity Bone Dry CO2 and 99.9% Purity CH4
Source: McGrail, PNNL, 2007; Figure left: Schematic of gas hydrates and exploration and
monitoring; Figure right: photo of methane hydrate crop on seafloor

To Release Methane from Hydrate
Methods Include:
• Pressure reduction
• Thermal stimulation
• Addition of chemicals
• CO2 Injection

Comparing Dendy Sloan’s model results for CH4 hydrate
formation (upper left) to experimental results (upper right)
from the first methane hydrate formation test, the second
methane hydrate test (bottom left) and CO2 hydrate
formation test (bottom right)

Results from first CO2
hydrate formation test:
formation was only
found to be at the top of
the apparatus

Experimental Tests Done
1. CH4 Hydrate Formation
2. CO2 Hydrate Formation: at both high and low initial temperatures
3. CH4 Hydrate Formation and CO2 gas injection, with analysis
using gas chromatograph

Expected Conclusion
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