Stepping- and Mile-stones of
Monitoring at Tomakomai

Kozo Sato
The University of Tokyo
Stanford University



Monitoring Techniques at Tomakomai

Monitoring Injection Containment |Conformance | Environmental
Purpose Controls Assurance Assurance Impacts
Downhole

OBC/OBS

Surrounding
Seismometry
Water Column
Chemistry

Deep - Appropriate
Shallow Occasional



10.2
10
9.8
9.6
94
9.2

p (MPa)

Tidal Signals in Pressure Transients

Sea Level
320 9.523. S ATSSS e sevrresss 8 pA— 0007 .
- d 218 = et |, st —: 9
o= 1 = 0006 | .5
- 0 0.005
: z o 0,122
I = 0.003
2,
- = Jdg&o . ~ | = <0002 | ;
f\ ......... 12 o,
i 2 0.001 . =
- - ——: Pressure 4 4002 | o R o L | 0 e
L B E e :Injection Rate | o9 &= e | U e
I v § 9.50%" R ~0.001" S —
) 0 90 95 100 105 110 115 120 95 96 97 98 99 100
=50 0 50 100 150 200 250 300 Time (days) Time (days)

Time (days)

Resolution: 0.00005% FS

0.00001 MPa (0.00145 psi)

1
R— 1 %P
pPuwg Oh

(Sato and Horne: IJGGC 76,2018) 3



p (MPa)

1000

2000

CO», Saturation for Conformance Assurance

Landward (North) Seaward (South) R — f (SCOQ , C,w ) CCOQ ) Cpp>

3000 4000

Quaternary sediments

——————————————————————————————————————————— 8
Moebetsu Fm. (Mudstone) 31
. 9714 m 1188
Moebetsu Fm. (Sandstone) 971.4m 1005 m m
7 Liner
. TT879m e
Nina Fm. (Mudstone) e
0 200 1000
m

Aspect Ratio=1:1 Depthin TVD

Saturation Evaluation
without Well Intervention

0.06

0.05 |
0.04
0.03 | S
0.02 | -
0.01 | S,

0 [ e

—-0.01

=50 0 50 100 150 200 250 300
Time (days)

(Sato and Horne: IJGGC 76, 2018) 4



Monitoring Techniques at Tomakomai

Monitoring Injection Containment |Conformance | Environmental
Purpose Controls Assurance Assurance Impacts
Downhole

OBC/OBS

Surrounding
Seismometry
Water Column
Chemistry

Deep - Appropriate
Shallow Occasional



Comprehensive Monitoring of Seismic Activity
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OBS (Ocean Bottom Seismometer): used for
monitoring of micro-seismicity and natural
earthquakes

Onshore seismometer
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OBC (Ocean Bottom Cable): used for 2D seismic survey
and monitoring of micro-seismicity and natural
earthquakes
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Shallow Survey for Containment Assurance?
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M&YV Reviewed and Revised: Quest to Peterhead
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(Dean and Tucker: IJGGC 61, 2017)

"Measurements intended to
detect unlikely hazards were
dropped or relegated to
backup status.”

“... shallow monitoring should
focus mainly on assuring
against environmental
Impacts.”

(Jenkins et al.: IJGGC 40, 2015)
(Jenkins: IJGGC 100, 2020) 10



Concluding Remarks (1)

* |nvestigative Data Acquisition

» Invariably measured pressure (with high resolution) was
successfully used for estimating CO, saturation changes through
tidal-signal analyses.

» Comprehensive monitoring of seismicity provides sufficient
evidence to dismiss the causal relationship between the
Tomakomai CCS and the 2018 Hokkaido Eastern lburi earthquake.
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Concluding Remarks (2)

e Overuse of Shallow Monitoring
» Loose correlation between pCO;, and DO resulted in false positive
and eventually hindered the operation.

» A well-defined issue “containment” needs to be distinguished
from vague concerns “environmental impact.”
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