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Pressure (MPa)

1. BEEFCO:2- COMhhETRE

Supercritical CO2, Saline Aquifer CO2 Storage
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EDEIEHEIZCOEAT Hh - BKEFKE

Transpiration by vegetation

? ? ? T EREBDIEKIETIKE: Deep Saline Aquifer

m—w%‘“‘i

EXPLANATION
Unsaturated zone - High hydraulic-couductivity aquifer
Water table
\) Uncontine oy - Low hydraulic-couductivity confining unit

S Confined aquifer - Very low hydraulic-couductivity bedrock

Direction of water flow

Table 1 Comparisons of pH and concentrations of chemical components in formation water,
sea water and ground water (Mito, 2005).

Formation Water Sea Water Ground Water Unit
pH 7.9 8.1 7.1 -
Na 1,936 10,784 426 mg/L
K 385 399 11 mg/L
Ca 421 412 85 mg/L
Mg 16 1,284 31 mg/L
HCO; 374 108 138 mg/L
SO, 77 2,712 115 mg/L

cl 3,852 19,352 615 mg/L
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D=5, L=10cm

Array: 8 x 85
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Velocity reductions resulting from injection of CO, in different phases
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Changes in velocity and attenuation during
injection of CO, in Tako sandstone

il
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Lei and Xue: Physics of the Earth and Planetary Interiors 176, 224-234,2009



Experimental Study of Seismic Wave Tomography
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CO, migration in water-saturated sandstone

13 min

CO, Xue and Lei, 2006 Pore space (blue resin)

CO, flows parallel to bedding plane; Numeric numbers: Elapsed time
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Overview of the Nagaoka Site

Well Configuration

at the Reservoir Depth - . ~
OB-4 |njec. Well * Injec. Period; Jul. 2003~Jan. 2005

» Total amount; 10,400 ton CO,
\- Rate; 20~40 ton/day

CO, Tank
OB-3 Compressor
4 Pump Lorry

B - 2 L~ Digne

* Reservoir; Haizume Formation
(Pleistocene Sand)

* Injec. Layer; Zone 2, 12m-thick

 Porosity; 23%

* Permeability; ave. 7mD (Pump-test)

« Conditions; 48°C, 11MPa




Sonic Log (Vp) from the Nagaoka pilot site
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W-1 (Injection Well}
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-- Insights from our lab experiment —

mobile phase (supercritical CO2) trapped by seal

X-ray CT + Fiber Optic Sensing

Pump_CO, Pump_back press.
iy |

1 I =

X
pressure transducer pressure transducer M
queqsurevesse
- 1 B - i — o %
s 7 7 ; - EEEE
l i Ll B b ; .
L ]
® [' @
R Optical iber 4 A
measurement tool
e Zhang et al., 2018 T
| =]=|=]=] [ | IEEI:II:-
N Doi :10.1029/2018WR023415 u
Pump_Brine Pump_confining
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Visualization of the CO: plume and pressure fronts

optic fiber cemented on
the rock sample

Caprock (fine grain)
Reservoir (coarse grain) X-CT image /
E F G

A B C D
50.0 .

45.0
40.0
35.0
SO0 -
25.0
200 -
Ja)
10.0
o -
0D 4
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Length (mm)

Porosity (%)

How optic fiber will response to CO2 penetration from “reservoir” to “caprock” ?
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CO:2 accumulation in reservoir (coarse grain)

(2496, "154’, 23, "170015.900", 'SCO2 = ", 0.050244590471315728) (2496, "164", 'I', "165503.600', 'SCO2 = ", 0.1929406918976232)
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0.0
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CO: saturation profile vs strain profile
along the sample length

Xue et al., 2022
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CO: saturation profile vs strain profile
along the sample length

0.4
Xue et al., 2022 l 60
0.3 1 CO2 saturation: nearly Zero
S - 40
S 0.2
()]
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(). () - ; ; . 0
40 45 50 55 60 65 70
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100
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o Small strain observed !
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Fault Integrity Monitoring (reactivation, leakage)
with Fiber Optic Sensing

caprock

o \\’:alj/’

CO2 Injection > reservoir
AN

CO: plume front

Displacement

Hastic
response

Pressure diffusion

&=

= EE——
Pressure diffusion

Fault
activation

Stress perturbation?

=) =
% Elastic response % Fault activation
* *
|5 gl
=] =] *
9 threshold 8 threshold
% _*__*__;_;;_9?_9?_' % 9?‘;“‘*“*“;“"
éi P e éﬁ * *
Pressure Pressure steps Pressure steps

Kakurina et al, 2020

pressure front

Installing fiber optic cables behind casing of monitoring wells for
Distributed Strain, Temperature and Acoustic sensing
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Resistivity Changes with Time @ OB-2

Geochemical monitoring: Fluid sampling by Cased Hole Dynamics Tester
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1120 T e s s e e e ke e e
0 1600
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CHDT*(Cased Hole Dynamic Tester)
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OB-2 @ 1114m: Mostly free CO,

||||||

||||||
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OB-2 @ 1108.6m & 1118m:
Mostly Formation Water

11111

Depth (mMD)

1120

CHDT @ 1108.6 m
|
|
! .o
! . Water Composition
CHDT @ 1114.0 mi_8 -
Before
CHDT @ 1118.0m injection
|
" " “eiapged bime from 7 July 2003 (day) Gas!
CO, injection Post-injection None 1 1 08 Gm

Water:
3.4~
35L 1118.0m

R
= 0 1500 3000
— HCO, (ppm)
Sample Chamber

(volume 3.8 L)
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OB-2 @ 1108.6m&1118m:
Cations in the formation water

Before
injection

1108.6m

Increased: HCO;, Ca, Mg and Fe @1118m
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Formation Fluid Sampling at OB-2

Injectio’n\ Post-injection Re;istivity
1108 —————= ~ —i: —
" [ o Without CO, 30"
=
EAM24- b e 20
N 1 15
S = 10
S H 5
1116+ -- SN |
o) ) 0
0 | o 5
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1M20+—m—m—————7—— 17— 77— 17—t
0 /é 3 4 S 6 ! 8‘
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15t fluid sampling 214 fluid sampling
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Successful measurement of dis-CO, & pH
under high pressure condition

Partial pressure
at the reservoir depth

0.05

33 7.95

1112.0m
1118.0m 241 5.67 1.0
1119.5m 44 5.01 0.2

0 200 400 4 7 10 0.001 0.1 10

dis-CO,@HP (mM)  pH@HP CO, (MPa)
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Saturation Index (SI) of Calcite (CaCO,)

tact e | Resistivity
Inject Post- t o . « .
1108"’%'07'}_ = — _2 change Dissolution €—— —> Precipitation

30"
D 25
T 112 <0
£ I 1112.0m
o 15
o) - 10
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S1116+---§
= H 0
° | I +—+1118.0m
| -10
1120 +———r——r——1 17
0 1 2 3 4 5 6 7 8
Time since injection started (year)
1119.5m
Calcite shows a tendency of re- precipitate at 1118.0m Sl(Calcite)

—=—2>—2> Mineral trapping of CO2?
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CO2Trap Mechanisms Confirmed
@Nagaoka Site

100

Structural &
stratigraphic
trapping

’ Moblle CO2 \

(PhyS|caI process) \
Residual CO,

trapping

Immobile CO,
(Physical process)

Dissolved CO2

\ (Geochemlcal process)
I

-
Mlnerallzed COz S i 10 100 1,000 10,000

(Geochemlcal /process) Time since injection stops (years)
~ Image of trapping processes over time (IPCC 2005)

N_’
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Rapid carbon mineralization for permanent disposal of anthropogenic
carbon dioxide emissions

‘ AYAAAS

Carbonates in rock cores

Published 10 June 2016, Science 352, 1312 (2016)
DOI: 10.1126/science.aad8132
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CO2 Storage potential in Japan

METI(2020)

site
15 +

Current result of Geologic Storage Potential Survey

it E R DETEE B)

REE DD

31 Mar. 2019

O Rough Survey
O 2D Seismic Exploratlon Survey

@ 3D Seismic Exploratlon Survey

) =

0.1-0.5bn.

tons

0.5-1bn.

tons

1-5bn.
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5-10 bn.

tons

>10 bn.
tons
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IRM: CO:2 Storage Resources Management(ﬁiﬁ’l’iﬁiliﬁﬁi&ﬂ).
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GRETCHEN WATKINS

Gretchen Watkins President, Shell USA, Inc

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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SO, ETHRMEAATTRILE— ELEHTES B (NEDO)
OEREBOBRBONELDOTT

This talk is based on results obtained from a project 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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