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１．超臨界CO2 - CO2地中貯留

Supercritical CO2, Saline Aquifer CO2 Storage
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・常温大気圧下（25℃，0.1 MPa）では、

CO2 （気体）密度が 1.8 kg/m3 、

・帯水層条件下（12.5 MPa，47℃）では、

CO2 （超臨界）密度が 656 kg/m3となるが、

地層水よりは小さい。

(Juanes et al., 2006)



どのような地層にCO2圧入するか・塩水性帯水層

地下深部の塩水性帯水層： Deep Saline Aquifer
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地層水塩分濃度 vs 超臨界CO2気泡サイズ
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P-wave forms obtained from pre- and post- CO2 flooding in a porous sandstone
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２．地球物理的視点： 地下に圧入されたCO2挙動モニタリング

CO2圧入弾性波速度（Vp）が減少
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Experimental setup for P-wave 
velocity tomography 

Syringe pump #1 for oil
hydrostatic pressure

#2  for pore water
pore pressure

#3  for CO2
injection pressure

Array: 8 x 8 

D=5, L=10cm
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Changes in velocity and attenuation during 
injection of CO2 in Tako sandstone 

Lei and Xue: Physics of the Earth and Planetary Interiors 176, 224-234,2009
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Experimental Study of Seismic Wave Tomography

H2O/CO2 Sandstone: 23%, 3md
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CO2 migration in water-saturated sandstone

Pore space (blue resin)

CO2 flows parallel to bedding plane;   Numeric numbers: Elapsed time

CO2 Xue and Lei, 2006
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Overview of the Nagaoka Site

Lorry

CO2 Tank

Pump
Compressor

Injec. Well
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OB-2
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Obs. Well

Well Configuration 
at the Reservoir Depth

OB-4 • Injec. Period; Jul. 2003~Jan. 2005
• Total amount; 10,400 ton CO2

• Rate; 20~40 ton/day

• Reservoir; Haizume Formation
(Pleistocene Sand)

• Injec. Layer; Zone 2, 12m-thick
• Porosity; 23% 
• Permeability; ave. 7mD (Pump-test)
• Conditions; 48oC, 11MPa
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Sonic Log (Vp) from the Nagaoka pilot site

Vp: -23%
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Cross-well Seismic Tomography 
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-- Insights from our lab experiment –

mobile phase (supercritical CO2) trapped by seal 

17

Zhang et al., 2018

Doi：10.1029/2018WR023415 

X-ray CT +  Fiber Optic Sensing



optic fiber cemented on 
the rock sample

X-CT image
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Visualization of the CO2 plume and pressure fronts
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How optic fiber will response to CO2 penetration from “reservoir” to “caprock” ?



CO2 accumulation in reservoir (coarse grain)
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CO2 saturation profile vs strain profile 
along the sample length
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CO2 saturation: nearly Zero 

Small strain observed !

CO2 saturation profile vs strain profile 
along the sample length

Xue et al., 2022



Fault Integrity Monitoring (reactivation, leakage) 
with Fiber Optic Sensing 
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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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３．地球化学的視点： 地下に圧入されたCO2挙動モニタリング

23



Resistivity Changes with Time @ OB‐2
D

ep
th

 (m
M

D
)

Elapsed time from 7 July 2003 (day)

CO2 injection Post-injection

Delta from 
the base 
line data

0.8

-0.4

0 ohm-m

0.4

1108

1120
16000

CHDT @ 1108.6 m

CHDT @ 1114.0 m

CHDT @ 1118.0 m

Geochemical monitoring: Fluid sampling by Cased Hole Dynamics Tester
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CHDT*(Cased Hole Dynamic Tester)

Drill

Arm to fix
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Increased: HCO3
-, Ca, Mg and Fe @1118m
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Saturation Index (SI) of Calcite (CaCO3)

PrecipitationDissolution

-2 -1 0 1 2

SI(Calcite)

1112.0m

1118.0m

1119.5m

Calcite shows a tendency of re‐ precipitate at 1118.0m  
Mineral trapping of CO2?
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CO2 Trap Mechanisms Confirmed 
@Nagaoka Site

Mobile CO2
(Physical process)

Dissolved CO2
(Geochemical process)

Immobile CO2
(Physical process)

Mineralized CO2
(Geochemical process)

Image of trapping processes over time (IPCC 2005)
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 カーボンニュートラルとCCSの社会実装

2050年に向けて、徐々に拡大するケース

（我が国のCCS導入のあり方に係る調査事業）調査報告書
https://www.meti.go.jp/meti_lib/report/2019FY/000145.pdf

Low‐cost ： Capture （随伴ガス、高濃度CO2）
Transport （排出源と貯留サイトの距離）
Storage （モニタリング技術の統合、効果的運用）

Low‐risk ： Storage （サイト選定＆評価、自然地震＆微小振動
CO2漏洩・漏出＆環境影響）

Start‐early & Start‐small：できる事業から始めよう
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We are 
here now



METI(2020)
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RITE (2006)

RITE (2006)

Source: GCCSI

SRM: CO2 Storage Resources Management（経済性評価込み）

Nakajima and Xue (2019)

36貯留可能量、排出源（排出量、距離）、輸送手段、貯留規模、経済性、社会的受容性（SLO）、複数の実想定サイトを選定！
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Carbon capture and storage is not a single technology, but rather 
a series of technologies and scientific breakthroughs that work in 
concert to achieve a performed outcome, one that will play a 
significant role in the future of energy and our planet. 
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