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Before Looking Ahead, Let’s Review the Journey so far

(DOE, 2020)

EHR{E?

............ EABE: 1005 /4

Pilot-scale Projects in 2000s: HZ: ERMCO2EARETODIIMMAE  XE: TXYRFriofOPzIMMAE



CCUS Activities in Japan

2000

.CcO2 : :
300k’t_‘(;'oﬁshore\ Scaling up to Commercial
tomakom? (1Mt-COz2/y)

2030-

Demonstrating core tech for

Core Tech R&D Development & Deployment

Including Overseas Deployment
(Asia CCUS Network )

Storage Potential Assessment
International Collaborations

(USA, Australia, Canada, Norway, Indonesia,
Malaysia)

Fundamental Research



Advanced Efforts for Commercialization of CCS
- Nine projects Awarded as Japanese Advanced CCS Projects in 2024 -

Final Investment Decisions
(FID) by FY2026, to achieve
Japanese
government target of 6 to 12
Mtpa of CO2 storage by 2030.

If cost issues lie with capture,
risk issues lie with storage.

Questions about Scale-up,
Social License, Business
models for Commercialization
of CCS in Japan.

https://www.jogmec.go.jp/english/news/release/news_10_00072.html






Storing CO2 in Saline Aquifers (1/2)

Major Steps in Process of Finding
and Developing Qualified Sites

NETL, 2007

10 selected areas, 16 billion ton-COz2
storage potential (offshore)

Current Stage in Japan



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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Practical Guidance for Geological CO:z Storage

HARZENR - HEEIR
(download free)

https://www.co2choryu-kumiai.or.jp/cms/wp-content/uploads/2021/10/practical-guidance-01-e.pdf
https://www.co2choryu-kumiai.or.jp/cms/wp-content/uploads/2021/10/practical-guidance-02-e.pdf
https://www.co2choryu-kumiai.or.jp/cms/wp-content/uploads/2021/10/practical-guidance-03-e.pdf
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Challenges to Commercial Scale CO2 Storage
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Cathcart et al., 2013
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Subsurface Uncertainty, Potential Risk, Risk Management

Risk Management / De-Risking !
[
= Pressure recovery
o Secondary trapping mechanisms
o GConfidence in predictive models
X ~ :
A ~ - g
14 N
N :
S :
S :
N :
S :
N
NG
N
Injection Injection 2 xInjection 3 x Injection n ¥ Injection
begins ands period period period

Risk profile @COz2 injection site(site-specific) [(llustration source: Benson, 2007]

Reducing Uncertainty /Mitigating Risks to the Manageable Levels !

Loses of Injectivity, Capacity and Containment,
Induced Seismicity (fault), Environmental Impacts
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Advanced CO:2 Storage Monitoring with Fiber
Optic Sensing (DTS, DAS, DSS)

»To track the movement of CO2 and assure permanence
for geologic storage.

»To decrease the cost and uncertainty in measurements
and satisfy regulations.

» To provide measurements and reservoir conditions for
decision making and process optimization, calibrating
and improving geological model for predication of
long-term behavior of injected COz2 in the subsurface.

» To develop skills on risk communication and public
acceptance on CO2z geological storage.
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Fiber Optic Sensing (DTS, DAS, DFOSS)

> BE-UOTAHEILER
> BE-UFTHDODKES
> BRE-UOTHDSHE
> FARAMICH AT
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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
(_A_\

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
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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



430 kt as of Jan 2025
(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
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(1) SOV-DAS/VSP for the injected CO2 detection
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(2) Time lapse Zero-offset DAS/VSP for CO2 monitoring
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(3) Simulated results (HM with PNL) of CO2 Saturation in the reservoir

Nakajima et al., submitting to IJGGC

Perforated zones
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SOV2 - RTEL0 (offset 1,077m) DAS/VSP Baseline

Baseline data

Dir2, BPF, 20220614

Time [msec]

500 000 1500 2000
Depth [m]

Time [msec]

Up-going P-wave

CMP transformed

fiber cable

Depth [m]

target reservoir

shadow
zone

Distance [m]
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Optic Fiber Cable Installation and Oriented Perforation (1/3)
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Optic Fiber Cable Installation and Oriented Perforation (2/3)

RITE-CO2CRC Collaboration @Otway site, Victoria, Australia

\ ¢
v
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Vertical Depth (m)

Optic Fiber Cable Installation and Oriented
Perforation (3/3)

RITE-CSIRO Collaboration at In-Situ Lab, South Perth (Harvey), WA
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Optic Fiber Cable Installation

v' Mid-joint Clamp (fixing cable on casing)
v Blast Protector for oriented perforation
v BOP (blowout preventer)

27



Distributed Strain Sensing (DSS) for Geomechanical Monitoring & Modeling
Applications for Caprock and Well Integrity Monitoring

Amer et al., 2025

1% [] (pilot field tests) M TH FA

(large field demonstrations)

v Fiber optic cable design
v' Cable installation
v' Strain data analysis

Amer et al., 2025

28



Estimating Hydraulic & Mechanical Properties from Strain Sensing

Amer et al., 2025

Amer et al., 2025

29



Strain vs Pressure in water injection
(strain sensitivity)

Amer et al., 2024

Amer et al., 2024
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Optic Fiber Well #1 Observation Well #1 Optic Fiber Well #2
(Depth: 300m) (Depth: 230m) (Depth: 240m)

A New Well Drilling
(Depth: 180m)

leakage
detection

S
How optic fiber responses to the well drilling in various distances?

31



Results of Fiber Optic Response during the Well Drilling

Drilling Record

EE> It's useful for small leakage detection to secure caprock and well inteqgrity

32



Fiber optic strain response detected at 9m away from the drilling well

33



DSS results from water pumping (sampling), North Dakota

Xue et al., submitting to IJGGC

Small strain (< 5 pe), production profile

S

Strains observed above

/ the perforated zones
S
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Application #1 Strain profile from injection well or observation

Strain profile

No need to run the spinner test to collect
the injection profile !
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DFOSS for Geomechanical Monitoring
Water Injection Test (1/2)

Amer et al., 2025

Strain profile suggests injection profile, revealing reservoir heterogeneity
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DFOSS for Geomechanical Monitoring
Water Injection Test (2/2)

9:50 (10 min after breakdown)

/

Strains from
Rayleigh shift

Amer et al., 2025

///

Perforated zone

Pressure Breakdown
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Application #2 for well integrity monitoring, combined with
AZMI (Above-Zone Monitoring Interval) pressure monitoring

v/ Strain response as an
early alert of fluid leaking

v' Caprock / cement integrity

Fiber cables
behind casing

Hovorka et al, 2018



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
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. “Earthquakes are almost like an unreliable
i bus, sometimes turning up sooner or later

~ - than expected.”
7 Taking the Strain ~ TTTTTTTTTTTTTTTTTTmTmmTmmmommmmmmmmmmm e

e

—-— . gy,
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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)

42



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’
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Fault Integrity Monitoring (reactivation, leakage)
with Fiber Optic Sensing

Installing fiber optic cables behind casing of monitoring wells for

Distributed Strain, Temperature and Acoustic sensing

a fault identified
in 3D seismic image

Kakurina et al, 2020
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NhoNDWHERAFE (advanced storage) : TEE (field projects) ED FELEHE

Iterative Process towards Deployment

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

US/DOE (2021)

Subsurface stress 1 o o o o s s s o s s s 1
- improved capability to forecast risk of induced seismici i i
Wellboreintegrity
+ Find & assess legacy wells and novel materials/techniques for remediation
Secure storage

+ Improve AZMI tools > With JCCS

Plume detection and storage efficiency I I
- Locate plume margins & pressure increase; improve use|of pore space) : i

,_,.
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| Sitecharacterization K
|+ Map reservor & seal heterogeneitesand deepfauts | | > Collaborating with North
Regional resource estimates Dakota University in USA

- filing the data qaps & realistic basin-scale storage estimates)

Transformational sensing

+ Micro/nano and optical fiber sensing capabilities; wireless power/telemetry systems; edge
computing to enable intelligent monitoring systems
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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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