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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 

Site Characterization for 
Permitting
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出典：https://www.jogmec.go.jp/news/release/news_10_00191.html2024.7

2030年までに年間6～12百万トンCO2貯留量達成に向けて

国内CCS事業の本格展開
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4https://www.jogmec.go.jp/news/event/event_k_10_00225.html
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https://www.jogmec.go.jp/news/event/event_k_10_00225.html
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https://www.jogmec.go.jp/news/event/event_k_10_00225.html



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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特定区域の指定

事業者の募集

事業許可（試掘権・貯留権の設定）

有識者委員会
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事業者の提案国の発案

事業者からの申請有識者委員会

試掘の許可

試掘者の選定
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https://www.jogmec.go.jp/news/event/event_k_10_00225.html

特定区域の選定において

特定区域：貯留層が存在し、又は存在する可能性がある区域  試掘・地質確認

特定区域の広さ vs CO2の広がり

 計画圧入量が特定区域に収まるか

 CO2の広がりは貯留層の厚さ、孔隙率、
地層の不均質性など密接に関連する

 地層水とCO2の置換効率を高め、貯留
率の向上（CO2分布範囲が狭く）

 1本／複数本の圧入井（経済性）
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Total storage capacity : to be much larger than the total amount from CO2 source
Reservoir : depth, thickness, porosity, permeability, salinity, 

Caprock : lateral continuity, un-faulted, thickness, threshold pressure

Examples to develop a Local Screening Criterion for CO2 storage in Saline Aquifers (in Europe)
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Limits and thickness of the Utsira Sand and
location of the Sleipner injection point.

Utsira sand
porosity: 32~42%

Sand Thickness

Utsira sand: High porosity and High Permeability
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CO2 high buoyancy in high permeability, thick sand formation
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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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砂層pore space利用効率

（貯留効率が低い）



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 
(CO2 saturation assumed up to 100%).

the high storage factor at Quest, Canada
(high CO2 saturation in thin layers)

1 Mt/year, started in 2015

16Shell Report, 2017
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貯留層の厚さ：約40m



CO2 Injection in Moebetsu, Japan (1/2)

(Tanase et al., 2024)
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CO2 Injection in Moebetsu, Japan (2/2)
(Tanase et al., 2024)
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高浸透性ゾーン

高浸透性ゾーン

高浸透性ゾーン

HPZの厚さ：約30m（合計）
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CO2 Injection in Broom Creek, ND USA
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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.
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Optimizing Injection Strategies for High-Performance CO2

Storage: Injection interval at Tomakomai and Sleipner



Visualization of CO2 Injection in a High Permeability Sandstone

Medical X-ray CT (Toshiba/Canon)

Sandstone prepared for Super-critical 
CO2 injection (10 MPa, 40oC)  22



23



Our study successfully demonstrated the appropriate injection rate for the high-performance CO2 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

地下のCO2分布把握には、弾性波探査法が有効！



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

Pore spaceにおける地層水とCO2の置換によって、P波の走時（travel time）と振幅（amplitude）が変化！

走時と振幅の変化：地下のCO2分布調査の手掛かり！



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 27



RTE’s MRV plan (1/2) : RTE, 2022
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圧入前（1年間）
圧入中（20年間） 圧入後（10年間）



RTE’s MRV plan (2/2) : RTE, 2022
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圧入前（1年間）
圧入中（20年間） 圧入後（10年間）

事業認可において、CO2モニタリング項目が具体的、
かつ実施頻度も明確！



590 kt as of Jan 2026
(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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V0: P-wave velocity (baseline)
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h : thickness of CO2 plume 

SOV-DAS/VSP for the CO2 plume imaging

Xue et al., 2003
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Nakajima et al., submitting to IJGGC



Reflection from 
the reservoir top

Noise removal

Wavefield 
separation

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

CDP transform/ 
Corridor stack
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~3ms travel time delay 
was observed.

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

Time-lapse

?

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

• Data analysis including Cross-equalization before taking difference.
• Difference appeared at the reservoir depth after ~40kt of CO2 injection.
• Data analysis including Cross-equalization before taking difference.
• Difference appeared at the reservoir depth after ~40kt of CO2 injection.

Baseline

Difference from baseline
22 kt 41 kt 193 kt

Reservoir

Nakajima et al., 2025
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3D Seismic, 3D walk-away VSP survey under preparation 



VintageVintage

Vibroseis-VSP/Seismic survey
(periodically)

SOV-VSP Survey
(frequently)
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TW
T
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T

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



CO2 plume front  vs pressure front
(Geomechanical Modeling) 

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

Eneabba Formation

Yalgorup Member

Wonnerup Member

Gas-supercritical phase boundary ~ 740 m

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 in two newly drilled 
wells intercepting the fault zone
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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？ 41
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技術開発事業（R&D） vs 実用化・事業化展開（米国DOEの考え）



技術実証

＠国内外サイト

有効性・優位性
運用実績

データ・知見蓄積

コスト削減

国内CCS事業へ

実用化

第4回二酸化炭素貯留事業等安全小委員会

43

どの技術、どこまで検出できるか



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

（公開準備中）

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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