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GAS HYDRATES

A Solid state of gas and water where the water
molecules form a cavity that encapsulates the
guest molecule.
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Why are hydrates of interest?
w Initial interest as a curiosity

w Plugging of production and transportation pipelines
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Renewed Iinterest

¢ Significant amount of energy
w Permafrost regions
w Marine environments (high water column)

e Known hydrate deposit

Hester and Brewer, 2009
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Hydrate as Energy Resource
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_ Arctic sandstones under
- existing infrastructure (~10's of Tcf in place)

A — Arctic sandstones away from infrastructure (100s of Tcf in place)
=\ Deep-water sandstones (~1000Tcf in place)

A Non-sandstone marine reservoirs with permeability (unknown)
")« Massive surficial and shallow nodular hydrate (unknown)

~Maring reservoirs with limited permeability
\(100,000s Tefin place)

—Reserves (200 Tcf)
«Reserves growth& undiscovered
D (1,900 Tef recoverable)
~Remaining unrecoverable
(unknown)

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



Gas Hydrate Production Methods

Depressurization =~ Thermal Injection Inhibitor Injection
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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
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CH PRODUCTION INDUCED BYNJGCTION

w Provides thermodynamically more stable gas hydrate than

CH

100
Experimental
& Experi

Water and
PT-Area| Hydrate Phases
I No hydrates

=
o

Pressure (MPa)

I : I-Hco,
1 e e 1 “I I‘W_HCDZ
1
] IV Lw-Hcua
|

U I-HCDZ_HC-Hq

Vi Ly-Heno-H
0.1 | W ico2"VicHa

5 0 5 10 15

Temperature (°C)

Husebg, 2008



Technology www.ift.uib.no -

GAS HYDRATE PRODUCTION METHODS

A Move the gas hydrate outside its
stability region A
I Depressurization
I Thermal stimulation
I Hydrate Inhibitors |
A CO2 exchange conditon

Pressure

Hydrate stable region Unstable
region

Temperature
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CO2 Exchange: Project Motivation
A The amount of energy bound in hydrates may be more than
t wice the worl dos total ene
hydrocarbon reservoirs; I.e. oil, gas and coal reserves
A Simultaneous CQ Sequestration
A Win-win situation for gas production
A Need no hydrate melting or heat stimulation

A Spontaneous process

A No associated water production

A Formation integrity

7

- The University of Bergen



COZ2 storage in hydrates
with associated methane
gas production

Challenge:
Determine exchange mechanisms during potential

sequestration of CQ to produce methane from hydrates



Three component Phase Field
Theory
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Parameters Uand w can be fixed from the interface thickness
and interface free enerqy. Uij set equal to U
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Objectives: N/

Experimentally and theorethically determine spontaneous methane
production when hydrate is exposed to CO2; with the purpose of CO2
sequestration.

Methane hydrate reservoirs
In-Situ imaging (MRI) of
hydrate formation

Methane production by
COz2 injection in field test
in Alaska 2012




