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温故知新－CO2-EOR/ CO2地中貯留
Before Looking Ahead, Let’s Review the Journey so far

Pilot-scale Projects in 2000s : 日本： 長岡CO2圧入実証プロジェクト始動 米国： テキサスFrioプロジェクト始動 2

(DOE, 2020)

圧入規模：100万トン/年

実用化？



2030-

Fundamental Research

Storage Potential Assessment  

Core Tech R&D

Demonstrating core tech for
Development & Deployment

2000

Including Overseas Deployment
(Asia CCUS Network ) 

Scaling up to Commercial 
(1Mt-CO2/y) 

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

CCUS Activities in Japan

Tanase et al., 2022
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Advanced Efforts for Commercialization of CCS
- Nine projects Awarded as Japanese Advanced CCS Projects in 2024 -

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

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.
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Major Steps in Process of Finding
and Developing Qualified Sites

NETL, 2007

Storing CO2 in Saline Aquifers (1/2)

Current Stage in Japan

10 selected areas, 16 billion ton-CO2

storage potential (offshore)
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Community Concern, Risk Communication   Public Support

Verification & Certification
(Advisory Committee by METI)

Storing CO2 in Saline Aquifers (2/2)
Permits (by Japanese Government, METI)
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複数の実想定サイトを選定し、事業開発シナリオを検討してきた！

2021-2023年度のNEDO事業（技術研究組合）

排出源データ
ベース作成
（公開中）

CCSコスト試算
ツール作成

（まもなく公開）

苫小牧事業
事例分析中

（技組-JCCS連携）

CCS技術事例集
（作成・公開中）

国内外の地中貯留
事業の事例分析
技術的総括

ポスター展示中
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Practical Guidance for Geological CO2 Storage

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

日本語版・英語版
（download free）
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Cathcart et al., 2013

法規

安全性

環境

社会的受容性

政策

投資

社会実装には、技術開発（安全性）、経済性、社会的受容性、法整備

CO2地中貯留技術の実用化・事業化（社会実装）へ

Challenges to Commercial Scale CO2 Storage 
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CCS事業構成・コスト構造・コスト削減
どの部分が、コスト削減できるか、
どう削減する（組合せ・最適化）か

最適な事業構成

技術的

経済性

経営的
意思決定
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Subsurface Uncertainty, Potential Risk, Risk Management

Loses of Injectivity, Capacity and Containment, 
Induced Seismicity (fault), Environmental Impacts 

Reducing Uncertainty／Mitigating Risks to the Manageable Levels !

Risk profile ＠CO2 injection site（site-specific）

Risk Management / De-Risking
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US/DOE (2020)

2005-2011
1 million tons

2011- (new regional initiative)

50+ m illion tons 

光ファイバーセンシング技術
（分布式音響測定 - DAS）

Shale Oil
EOR

地層水汲み上げによる圧力緩和法

地域特性を考慮

CarbonSAFE
Carbon Storage 

Assurance Facility 
Enterprise
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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 CO2 in the subsurface.

To develop skills on risk communication and public 
acceptance on CO2 geological storage.

Advanced CO2 Storage Monitoring with Fiber 
Optic Sensing (DTS, DAS, DSS)
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Fiber Optic Sensing (DTS, DAS, DFOSS)

 温度・ひずみ変化点

 温度・ひずみの大きさ

 温度・ひずみの分離

 半永久的に利用可

15



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

Permanent Monitoring for CO2 Storage, North Dakota, United States

 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

CO2 Injection: 16 June 2022, 180 kt /year

Class VI Approved 
(Oct. 2021)U

S/
D

O
E

Injection Well

Observation Well

US/DOE-JAPAN/METI CCUS Collaboration
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Richards et al_(2022)
A fully coupled analysis with DSS at ground water wells 17



430 kt as of Jan 2025
(180kt/year)
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SOV- DAS/VSP for time-lapse
CO2 plume imaging

Surface Orbital Vibrators (SOVs)

SOVs: Permanent sources

• Remotely controlled
• Programmed operation
• On-demand operation

DAS/VSP: Permanent receivers 

• Borehole seismic
• Available for continuous 

recording
• Remotely controlled

Casing

Cramp

* Photo in Japan

Optic fiber cable
¼ inch 
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Xue et al., 2003
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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
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深さが6,900 feet（約2.1km）の圧入井（RTE-10）、観測井

（RTE10.2）に、Tandem P&T Gauges（事業者Red Trail 

Energy提供）と光ファイバー（技術組合提供）を設置

指向性パーフォレーションが断念

光ファイバーが貯留層上部まで

DAS/VSP観測で光ファイバー
終端直下に空白域

光ファイバー設置に伴う作業時間の
増加は10%程度

Optic Fiber Cable Installation and Oriented Perforation (1/3)
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CRC-8
（2023/12に掘削）

垂直・傾斜区間
光ファイバー設置済

CRC-3からCO2圧入
DTS/DAS/DSS実施中

Optic Fiber Cable Installation and Oriented Perforation (2/3)
RITE-CO2CRC Collaboration @Otway site, Victoria, Australia
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RITE-CSIRO Collaboration at In-Situ Lab, South Perth (Harvey), WA

Harvey 2 Top of the fault ~ 623 m

Harvey 2 Bottom of the fault  857 m

Harvey 2

Harvey 6 Top of the fault ~ 390 m

Harvey 6 Bottom of the fault ~ 550 m

Harvey 6 Bottom 9 5/8”  ~ 340 m

Harvey 6

Harvey 5 Top of the fault ~ 516 m

Harvey 5 Bottom of the fault ~ 750 m

Harvey 5 Perforation 1  

Harvey 5 Perforation 2  

Harvey 5 Perforation 3  

Harvey 5 Bottom 9 5/8”  ~ 485 m

Harvey 5

Yalgorup Member

Leederville Formation

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

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

BOP

Blast 
Protector

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

茂原（pilot field tests）から世界へ

（large field demonstrations）

 Fiber optic cable design
 Cable installation
 Strain data analysis

Amer et al., 2025

Amer et al., 2025
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Estimating Hydraulic & Mechanical Properties from Strain Sensing   

Amer et al., 2025

Amer et al., 2025
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Strain vs Pressure in water injection
(strain sensitivity)   

30

Amer et al., 2024

Amer et al., 2024



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

Field Experiments on Well Integrity/leakage Monitoring 
with Distributed Fiber Optic Strain Sensing 

at our pilot site, Chiba  Japan

leakage 
detection 

Optic Fiber Well #1
(Depth:  300m)

Observation Well #1
(Depth:  230m)

Optic Fiber Well #2
(Depth:  240m)

A New Well Drilling 
(Depth:  180m)
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Results of Fiber Optic Response during the Well Drilling

It’s useful for small leakage detection to secure caprock and well integrity 

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

33



Small strain (< 5 production profile 

DSS results from water pumping (sampling), North Dakota
Xue et al., submitting to IJGGC

Strains observed above 
the perforated zones 
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Application #1 Strain profile from injection well or observation

well as injection profile (as an input for CO2 flow simulation)

Strain profile

No need to run the spinner test to collect 
the injection profile ! 35



DFOSS for Geomechanical Monitoring
Water Injection Test (1/2) 

Strain profile suggests injection profile, revealing reservoir heterogeneity

Amer et al., 2025
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Pressure Breakdown

DFOSS for Geomechanical Monitoring 
Water Injection Test (2/2) 

Perforated zone

Strains from 
Rayleigh shift

9:50 (10 min after breakdown)

Amer et al., 2025
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Application #2 for well integrity monitoring, combined with
AZMI (Above-Zone Monitoring Interval) pressure monitoring

Hovorka et al, 2018

Fiber cables 
behind casing

 Strain response as an 
early alert of fluid leaking

 Caprock / cement integrity 
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CO2 plume front  vs pressure front
(Geomechanical Modeling) 

https://www.equinor.com/en/news/20201019-sharing-data-northern-lights.html
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人間活動と誘発地震について

(a) 断層内部の圧力が増加し、不安定な状態になる
には貯留層とつなぐ高い浸透性の通路が必要！

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

In Situ Lab / SW-Hub: South Perth

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

（日豪CCUS協力事業）
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Fault Characterization (fault zone, hydraulic-mechanical property) 
Drilling two new wells and applying Fiber Optic Strain Sensing 

200
m

300m

500
m

the relationship between fault core/gouge, principal 
slip surfaces, and the ‘fault damage zone’
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断層区分（カテゴリー）
カテゴリー①︓貯留層から連続し、海底⾯まで変位を与える断層

⇒ 断層活動として確実度が⾼い断層と⾒做し、離隔対象とするべきか︖

カテゴリー②︓貯留層から連続し、遮蔽層の上部まで変位を与える断層

カテゴリー③︓その他（貯留層を切るが遮蔽層内で⽌まる断層、遮蔽層内の断層など）

断層タイプ 正断層・逆断層・横ずれ断層、断層⻑、断層上下端深度

① ② ③

③
③

③

基盤

貯留層

遮蔽層

海底

 サイト選定では、どの断層を離隔すべきか。妥当な離隔距離は？ 44



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 45



P &T Curulli and Son

Amana Inn
Harvey 6
(Mar 2024)
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US/DOE (2021)
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これからの研究開発（advanced storage）： 事業（field projects）との密接な連携

 Collaborating with CSIRO in Aus.

 Collaborating with North 
Dakota University in USA

 With JCCS 
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