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CO, Storage in Hydrate Reservoirs with Associated Spontaneous Natural Gas Production

Presentation Overview:
Lab Verification Upscaled to Field Pilot Demonstration of Spontaneous Methane Production
When Hydrate is Exposed to CO2. This technology provides Net Zero CO, Emission when
Utilizing Energy from Gas Hydrates in Carbon Neutral Methane Production with CO, Storage.

Methane hydrate reservoirs

In-Situ imaging (MRI) of Methane production by

hydrate formation CO2 injection in field test
in Alaska 2012

Ianik Sikumi #1
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Prudhoe Bay Unit L-pad

¢ Known hydrate deposit
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GAS HYDRATES

* 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?

e |nitial interest as a curiosity
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Renewed interest

— Significant amount of energy
e Permafrost regions
e Marine environments (high water column)

e Known hydrate deposit

Hester and Brewer, 2009
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GAS HYDRATE PRODUCTION METHODS

* Move the gas hydrate outside its

stability region R
— Depressurization 2
N

° ° 0
— Thermal stimulation E Hydrate stable region Unstable
— Hydrate inhibitors region

Hydrate Reservoir

CO2 exchange Condition

v

Temperature
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CO2 Exchange: Project Motivation

 The amount of energy bound in hydrates may be more than
twice the world’s total energy resources in conventional
hydrocarbon reservoirs; i.e. oil-, gas- and coal reserves

* Simultaneous CO, Sequestration

* Win-win situation for gas production

 Need no hydrate melting or heat stimulation

* Spontaneous process

* No associated water production

 Formation integrity
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CO2 storage in hydrates
with associated methane
gas production

Challenge:

Determine exchange mechanisms during potential

sequestration of CO, to produce methane from hydrates



Three component Phase Field
Theory

Jour =wWIg(@)+[1- p(P)lfs(c, 5,05, T)+ p(9) f.(c),¢y,¢5,T)

Parameters € and w can be fixed from the interface thickness
and interface free enerqy. € ij set equal to €



Methane Production with CO2 Storage and Conversion to Hydrogen Kuala Lumpur, Malaysia

International Petroleum |
Technology Conference

Net Zero CO2 Emission Utilizing Energy from Gas Hydrates - Carbon Neutral [S II)TC 18 - 20 February 2025

e Hydrate reservoirs are often found in porous media
— Sedimentary rock

Mineralogy: mainly quartz
Porosity: 22-23%
Permeability: 1.1 D

Pore diameter: 125 microns

AEDTLER
v !
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Core Sample Design

Bentheim Sandstone
20-25% porosity, ~1.1 D Perm
e Whole Core

* Longitudinal Cut With Machined
Spacer to Stmulate Open
Fracture.
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Methane Production with CO2 Storage and Conversion to Hydrogen

Experimental Setu
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Experimental Setup

High Pressure Cell
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Experimental Setup

MRI High Pressure Cell Monitor P-V-T and MRI
T : ! Intensity
Pore Pressure Pumps Pore Pressure & Core Plug Duri ng Hydrate
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0.0 hrs
Methane in Spacer
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Volumetrics and MRI Results
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Scientific Conclusions

MRI Provides Unique 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.
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