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CO, for Methane Production from
Hydrate Reservoirs
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« Water molecule cages encapsulating a
foreign molecules (e.g. methane)
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HYDRATE STRUCTURES
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Renewed interest

— Significant amount of energy

e Permafrost regions
e Marine environments (high water column)

e Known hydrate deposit
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Gas Hydrate Stability
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_ Arctic sandstones under |
existing infrastructure (~10's of Tcf in place)

—Arctic sandstones away from infrastructure (100s of Tcf in place)
— Deep-water sandstones (~1000Tcf in place)
A — Non-sandstone marine reservoirs with permeability (unknown)
B Massive surfcial and shallow nodular hydrate (unknown)

_Maring reservoirs with limited permeability
. (100,000s Tcfin place)

—Reserves (200 Tef)
) «Reserves growth& undiscovered
= (1,500 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 (Boswell, 2006).
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Gas Hydrate Production Methods

Depressurization Thermal Injection Inhibitor Injection

S;?Wagr Methanol
Gas Gas ( Gas (
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Dissociated Hydrate
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GAS HYDRATE PRODUCTION METHODS

Move the gas hydrate outside its
stability region A
— Depressurization
— Thermal stimulation
— Hydrate inhibitors

Hydrate Reservoir
CO2 exchange Condition

Pressure

Hydrate stable region Unstable
region

Temperature
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CO2 Exchange - Project Motivation

Methane production
Simultaneous CO, Sequestration
Spontaneous process

No associated water production

Formation integrity
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Water and
Hydrate Phases
No hydrates
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HYDRATE FORMATION

Atmospheric Hydrate stable
conditions conditions

; !." The University of Bergen



CONDITIONS OF A HYDRATE
RESERVOIR
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RESEARCH OBJECTIVES

« Form hydrates in porous media

— Create laboratory size equivalents of actual
hydrate reservoirs

Test CH,-CO, exchange process
-does It work?

fi N > ! '
- The University of Bergen
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Experimental Setup
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Experimental Setup

MRI High Pressure Cell
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HYDRATE FORMATION IN POROUS
MEDIA

» ODbjective
— Create laboratory size equivalent of hydrate
reservoir
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EXPERIMENTAL SETUP
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Teflon®

SSE shrink tubing
Pressure POM Spa..cer :

insolation

Cooling fluid

S

Confinement fluid

\

Fiber glass
PEEK™ housing

end pieces :
Sealing o-ring

Aflas® sleeve
Titanium

Confining
Pressure
Pump

end cap

Cobalt Sérews Confining/

cooling

Recirculation
Pump

Cooling
Bath
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Gas Permeability

 MRI Intensity Loss Indicates Hydrate Formation.
Correlates with Permeability Decrease.

Xp#  S,/S.S;  Kup(mD
=00 RoomTemp | 4°C 1200psi 33/67/ [;l ﬂg(?o :
2/57/41 143
34/66/0 410
11/60/29 217
47/53/0 356
11/44/45 25
48/52/0 157
3/41/56 13
51/49/0 115
A ca 4/36/60 4
10 15 2 36/64/0

Measurement # 2/40/58
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CO2 replacement exp.

Bentheim Sandstone
@ =20-25%, k~1.1 D
 Whole Core

 Longitudinal Cut — Fitted
Spacer Simulates Open
Fracture.
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CH, - CO, Production Scenario

Replace CH, In Hydrate Structure with CO..

Keys are Understanding of Rates of Exchange and
Recovery Efficiency.

"" P -v..- ? \
_ - The University of Bergen
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CH4 Production Experiments

 Flush Spacer with CO, and Wait.
« Connected to CO, Reservoir
« Monitor MRI Intensity in Spacer.

( P :{
- The University of Bergen
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Methane Production

after 1st CO, flush - duplicate experiments, S,;=50%

diffusion - - "~ T1stflush, S,,=45 %
experiment ¢

2nd flush, S,;=45 %

Free gas diffusion level at
S,i=50%

Total Methane Production Approaches Theoretical
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Scientific Conclusions

MRI Provides Unigue Dynamic Data of Hydrate
Formation and Production Consistent with
Conventional Results.

CO, Exchange for CH, in Hydrates Is Rapid and
Efficient.

No Free Water Observed During Exchange Process.

Sufficient Permeability Remains During Hydrate
Formation and Subsequent Production.

fi PR, : |t
- The University of Bergen
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Alaska Field Injection Test 2011-2012

« ConocoPhillips and JOGMEC
« USS$ 11.6 mill funding from US DOE, total cost ca. US$30mill
« CO,/N, injection

( P :{
- The University of Bergen
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Summary of Field Test (Injection Test)

Schedule:

Apr. 2011 Drilling test well (Complete)
Nov. 2011: Finalizing parameters for the field test
Jan.-Apr. 2012: Field test

Location : Prudhoe Bay operating unit in Alaska, USA
Operator : ConocoPhillips Company (COP), through its
wholly owned subsidiary, ConocoPhillips Alaska, Inc.
Investors : The United States Department of Energy (DOE)
JOGMECG,; Japan Oil, Gas and Metals National Corp.
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Methane Hydrate Stabillty - Kuparuk Case
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Gas Production from the Field Test
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Thank You!




