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Storing CO2 in Saline Aquifers (1/2)

Major Steps in Process of Finding
and Developing Qualified Sites

(NETL, 2007)

/

Current Stage in Japan

10 selected areas, 16
billion ton-CO2
storage potential

@

Site Characterization for
Permitting
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Storing CO2 in Saline Aquifers (2/2)

Permits (by Japanese Government, METI)

Verification & Certification
(Advisory Committee by METI)

/

Community Concern, Risk Communication - Public Support
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Examples to develop a Local Screening Criterion for CO: storage in Saline Aquifers (in Europe)

The screening criterion proposed for the (O, storage by Chadwick et al. (2008).

Parameters Positive indicators Cautionary indicators

Total storage Total capacity of reservoir estimated to be much larger than the total amount Total capacity of reservoir estimated to be similar or less than the total
capacity produced from the 0y source amount produced from the (00 source

Nhnth TN0NNA DORNN A < QNN v Ar SORNN

lateral Un-laulted laterally variable laulls
continuity

Thickness >100 m <20 m

Capillary entry  Mush greater than buoyancy force of maximum produced ()5 column high Similar to buoyancy force of maximum produced (X5 column height,
pressure

Total storage capacity : to be much larger than the total amount from COz2 source
Reservoir : depth, thickness, porosity, permeability, salinity,
Caprock : lateral continuity, un-faulted, thickness, threshold pressure




Utsira sand: High porosity and High Permeability

Sand Thickness

———————

———————

Shetland

f Isles (UK)

5

NORTH SEA

Sleipner injection
point

4-5\

Utsira sand
porosity: 32~42%

Limits and thickness of the Utsira Sand and

location of the Sleipner injection point.
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CO:z high buoyancy in high permeability, thick sand formation

1996-2010, 14 MT-CO2 |:> CO2 plume: 5 km
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Low Sweep / Storage Efficiency due to High Buoyancy
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The Storage Complex

the high storage factor at Quest, Canada

(high CO2 saturation in thin layers)

1 Mt/year, started in 2015

Sandstone reservoir property Quest
thickness: 40m; permeability: ~ 1,000 mD

The plume extent is closer to the theoretical minimum

IS another indication that the reservoir is behaving better
than expected,

and that the displacement of brine by the CO2 may be
more effective than pre-injection modelling predicted
(COz2 saturation assumed up to 100%).

Shell Report, 2017
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CO:z Injection in Moebetsu, Japan (1/2)

(Tanase et al., 2024)
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CO:z Injection in Moebetsu, Japan (2/2)
(Tanase et al., 2024)
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Target formation
A

CO:z Injection in Broom Creek, ND USA
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Optimizing Injection Strategies for High-Performance CO2
Storage: Injection interval at Tomakomai and Sleipner

The injection interval of Moebetsu formation was
completed with the perforated liner covered by
screen and length was up to 1,194 m for 100k-ton
CO2 injection annually.

The annual injection rate is 1 million-ton CO2 (perforation length:
38 m). This project is endowed with a thick (180-300m), high
porosity (35-40%) and high permeability (1-3 darcy) sand layer.

21



Visualization of CO: Injection in a High Permeability Sandstone

Sandstone prepared for Super-critical
COz2 injection (10 MPa, 40°C)

22
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T DCOHIBHEICIL, BIEREEENED !

Our study successfully demonstrated the appropriate injection rate for the high-performance COz2 storage. Low injection
rate into a thick and high permeability the CO2 buoyance significantly reduces the sweep efficiency. Well completion
and injection interval designs in complex and heterogeneous reservoirs are of fundamental importance to operators. 24



P-wave velocity reduction resulting from
CO2 injection in different phases

0.0 0.2 0.4 0.6 0.8
CO, Saturation

Pore spacelZ#T5HE/KECODEHICKH-T, PEDERE (travel time) EHRIE (amplitude) AAZE1E !
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US/DOE

Fiber Optic Sensing for Multi-purpose Data Acquisition (DTS, DAS, DSS) and

Permanent Monitoring for CO2 Storage, North Dakota, United States

Observation Well

/
7

Injection Well

CO:z Injection: 16 June 2022, 180 kt /year

Class VI Approved
(Oct. 2021)

US/DOE-JAPAN/METI CCUS Collaboration

» Optic fiber cables (designed by RITE) installed
behind casing of two deep wells (Injection &
Observation, depth: 2.1 km) and two ground
water wells (depth: 600 m).

» SOV-DAS/VSP for CO2 plume monitoring
(180kt/year x 20 years)

» Coupled analysis of INSAR and DSS from the
shallow water wells

» Which depth & how much the deformation
occurs in subsurface and how it migrates to

ground surface

26



Summary of the Underground Injection Control (UIC) Class VI Permit MV A program |

Monitoring Type RTE Monitoring Program Structure/Project Area
Analysis of Injected CO, Compositional and isotopic analysis of the Wellhead
’in jected LQa sLLcaln

CO; Flowline ( DTS/DAS and DSS; Capture facility to the wellsite
Continuous Recording of Injection Pressure, Surfale p_res"s'ur?/temperature gauges and a Surface to reservoir (injection well)
Rate, and Volume flowmeter installed at the wellhead with shutoff

alarms
Well Annulus Pressure Between Tubing and | Annular pressure gauge for continuous Surface to reservoir (injection well)
Casing monitoring
Internal and External Mechanical Integrity Tubing=casing amu.l.us_prissure testing (internal) Well infrastructure

-

N I
1: DTS/DAS fiber-optic cable ultrasonic imager

SO USIE) (external)= =~

Corrosion Monitoring Flow-through corrosion coupon test system for Well infrastructure
periodic corrosion monitoring

Near-Surface Monitoring Groundwater wells in the area of review (AOR) Near-surface environment, USDWs
dedicated to Fox Hills monitoring wells and soil
gas sampling and analyses

Direct Reservoir Monitoring Wireline logging, external downhole préssute and | Storage reservoir
temperature gauges, a‘d\ DTS/DAS fiber-optic
cable e

Indirect Reservoir Monitoring ~I'mme-lapse geophysical surveys, gravity surveys, Entire storage complex

/ { InSAR an,d‘passive seismic measurements

J Richards et al_(2022)
A fully coupled analysis with DSS at ground water wells



RTE’'s MRV plan (1/2) : RTE, 2022
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RTE's MRV plan (2/2) : RTE, 2022 g xuyeepy EA% (205 EAROEM)
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590 kt as of Jan 2026
(180kt/year)
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SOV- DAS/VSP for time-lapse
CO: plume imaging

SOVs: Permanent sources

e Remotely controlled
* Programmed operation
* On-demand operation

DAS/VSP: Permanent receivers

e Borehole seismic

e Available for continuous
recording

e Remotely controlled

Surface Orbital Vibrators (SOVs)

Cramp

Casing

* Photo in Japan
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Injection well

Optic fiber cable

—

Reflections from shallow
formations

R I
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SOV-DAS/VSP for the CO2 plume imaging

Time (sec)
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Time-lapse analysis of SOV1=RTE10 (Zero-offset)

* Examine temporal changes during the initial stage of injection
* Changes were observed after ~kt of CO2 was injected

___ _Time-lapse __ _
CDP.tOIIra nsforr:/ ! | Reflection from
Corridor stac O | the reservoir top
| [
[ [
.~ /
7000 1500 - T~ ~A ~3ms travel time delay
channel

was observed.

1000 1500 2000

channel N

channel Nakajima et al., 2025
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Time-lapse analysis of SOV2=RTE10 (Middle-offset)

Nakajima et al., 2025 Difference from baseline
22kt 41kt 193kt

Baseline
1600

1800 +

2400

400 300 200 100 0 400 300 200 100 0 400 300 200 100 0
Offset(m) Offset(m) Offset(m)

e Data analysis including Cross-equalization before taking difference.

e Difference appeared at the reservoir depth after ~40kt of CO; injection. 24



3D Seismic, 3D walk-away VSP survey under preparation

35



SOV-VSP Survey Vibroseis-VSP/Seismic survey

(frequently) (periodically)
0\&%"" 0«:‘5‘
= =
E -
Vintage Vintage

Filling the gap with low-cost technology, Securing the storage safety! 34



CO:2 plume front vs pressure front

(Geomechanical Modeling)
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Schematic of the subsurface going from south to north through the 31/5-7 (Eos) CO, confirmation well.
The CO, plume extent after 37.5 Mt injection is illustrated in magenta.

https://www.equinor.com/en/news/20201019-sharing-data-northern-lights.html

J.A. White, W. Foxall / International Journal of Greenhouse Gas Control 49 (2016) 413-424

37



In Situ Lab / SW-Hub: South Perth

Collaborations: RITE-CSIRO
Fiber Optic Sensing for Fault Zone
Mapping and Stability Monitoring

(BZ=ZcCcCcusin hEE)

» Fault zone mapping and monitoring with Strain Sensing (RITE)
coupled with temperature and acoustic sensing (CSIRO)

38



Vertical Depth (m)

Optic Fiber Cable Installation in two newly drilled
wells intercepting the fault zone

RITE-CSIRO Collaboration at In-Situ Lab, South Perth (Harvey), WA
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Fault Characterization (fault zone, hydraulic-mechanical property)
Drilling two new wells and applying Fiber Optic Strain Sensing

the relationship between fault core/gouge, principal
slip surfaces, and the ‘fault damage zone’

40
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This talk is based on results obtained from a project (JPNP18006) commissioned by
the New Energy and Industrial Technology Development Organization (NEDO) and the

Ministry of Economy, Trade and Industry (METI) of Japan.
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