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US/DOE (2021)
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field projects

Collaborating with CSIRO in Aus.

Collaborating with North Dakota University in USA

With JCCS soon



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

To track the movement of CO2 and assure permanence 
for geologic storage

Provide measurements of down-hole and reservoir 
conditions for real-time decision making and 
process optimization

To decrease the cost and uncertainty in measurements 
and satisfy regulations

Provide long-term post-injection monitoring
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fiber optic cable 
(DTS, DAS, DSS)



Distributed Fiber Optic Strain Sensing (DFOSS)
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with Rayleigh Scattering

DAS: Distributed Acoustic Sensing (VSP)

(DTS)
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Fiber Optic Sensing for Multi-purpose Data Acquisition (DTS, 
DAS, DSS) and Permanent Monitoring for CO2 Storage, 

North Dakota, United States CCUS

CO2 Injection: 16 June 2022, 180 kt /year

Class VI Approved 
(Oct. 2021)U

S/
D

O
E

Injection Well

Observation Well

Optic fiber cables (designed by 

RITE) installed behind casing of two 

deep wells (Injection & Observation: 

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 surface

North Dakota
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6,900 feet 2.1km
RTE-10 RTE10.2

DAS/VSP

10-20%
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Processed zero-offset VSP acquisition using SOV1 after (a) deconvolution and noise attenuation, 
(b) wavefield separation, (c) two-way travel time conversion, and (d) corridor stacking

Zero-offset SOV-DAS/VSP for CO2 injection monitoring @RTE-10

Miyoshi et al., Submitted to GHGT-17, Calgary Canada Oct. 2024
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(a) The time series corridor stacks, and (b) comparison of reflected waves.

The reflected waves propagating through the CO2-bearing zone show travel-time 
delay due to replacement of formation water by the injected CO2, enabling us to 
identify the top and bottom of the target reservoir. 

A zero-offset VSP section recorded using SOV1
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Miyoshi et al., Submitted to GHGT-17, Calgary Canada Oct. 2024



CO2 distribution in Broom Creek 

• Mainly in high permeability layers (perforated intervals)

• CO2 plume size: 200m @Vibroseis VSP (MS1) 

CO2
25

Nakajima et al., Submitted to GHGT-17, Calgary Canada Oct. 2024



Baseline shot gathers at (a) near offset and (c) far offset locations.  Time-lapse 
differences between the baseline and after 1 year injection for (b) near-offset 
and (d) far offset.

the time-lapse difference in seismic response between the baseline and 
monitoring surveys after 1 year of CO2 injection

Nakajima et al., Submitted to GHGT-17, Calgary Canada Oct. 2024
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Application for well integrity monitoring, combined with
AZMI (Above-Zone Monitoring Interval) pressure monitoring

Hovorka et al, 2018

Fiber cables 
behind casing
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Strain response as an 
early alert of fluid leaking

Caprock / cement integrity 
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DSS Monitoring (1/3)
Amer et al., Submitted to GHGT-17, Calgary Canada Oct. 2024
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DSS Monitoring (2/3)
Amer et al., Submitted to GHGT-17, Calgary Canada Oct. 2024
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DSS Monitoring (3/3)
Amer et al., Submitted to GHGT-17, Calgary Canada Oct. 2024



Application: Strain profile from injection well or observation
well as injection profile (as an input for CO2 injection simulation)

Strain profile

No need to stop injection for running spinner test 
to obtain the injection profile ! 
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RTE-10.2
injection profile



CRC-8
2023/12

CRC-3 CO2
DTS/

DAS/DSS

RITE-CO2CRC Collaboration @Otway site, Victoria, Australia
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Applications of Optic Fiber Sensing in CO2 Storage
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Caprock and Well Integrity Monitoring

Pressure and Plume Fronts Monitoring 

DAS/VSP CO2 Monitoring

Microseismic /Earthquake Monitoring

Strain/Temp

Acoustic

Modified from Buscheck et al. 2014
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Loses of Injectivity, Capacity and Containment, 
Induced Seismicity, Environmental Impacts 

Reducing Uncertainty Mitigating Risks to the Manageable Levels !

Risk profile CO2 injection site site-specific

Risk Management

CO2



Song et al., 2023

White and Foxall, 2016

Scaling relationship between fault rupture length and earthquake
magnitude, supported by field observations. 

Dashed lines indicate a commonly observed range of stress drop, 
from 0.1 to 10 MPa. Vertical shaded regions indicate “typical” 
visibility of a given size fault using 3D seismic. 

Note that actual seismic resolution is highly site, survey, and fault 
specific, and the depicted thresholds are meant for conceptual 
illustration only.

White and Foxall, 2016

…. ….
….
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technology development
art of conversation transforming

Risk Communications Approaches
Uncertainties in Subsurface Characterization (Geology, Science and Technology), Policy and Regulation 

Public Concerns over Potential Risks Sending Experts into the Community & Building

Relationships and Trust !
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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)

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



Harvey-6 Depth:700m

DTS/DSS/DAS
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Harvey-2 Superimposed to LINE-01

Estimating the Fault Damage Zone Envelope from Seismic

200
m

300m

500m
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the relationship between fault core/gouge, principal slip surfaces, and the ‘fault 
damage zone’

Theoretical distributed strain sensing measurements 
are shown in purple for slip on either type of fault
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FY2022:  2D seismic survey, seismometer, strain interrogator and tiltmeter deployment 

FY2023 :  new well drilling and fiber cable installation, water injection, fault zone mapping
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Collaborations Between RITE-CO2CRC
Fiber Optic Sensing for Fault Leakage Monitoring

DAS (Acoustic), DSS (Strain), DTS (Temperature)

FY2022:  shallow well drilling, fiber cable installation, baseline (strain, temp) monitoring 

FY2023 :  water / CO2 injection, fault leakage detection, DAS/DSS/DTS monitoring 

RITE-CO2CRC @Otway

New wells ?

CCUS



Brumby 2

Brumby 1
VSP

Brumby 4
DTS/DAS/DSS Monitoring

3D view of Brumby wells at Otway site

Brumby 3
Injection well, DTS/DAS/DSS
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Water injection period

Brumby 1
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45 L/min

Brumby 4

Brumby 3 host rock
fault zone CO2
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Xue et al., 



@8/23 Brumby 1 water injection
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Brumby 3

Brumby 4
injection period

injection period

45 L/min injection rate Brumby 3 pressure build-up

Brumby 4 pressure build-up
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Xue et al., 



Rayleigh shift at Brumby 4 in water injection @ Brumby 1

Water injection period
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fault zone
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Xue et al., 



Bore TD
87.16m

Pressure gauge
Upper: 68.35m
Lower: 73.60m 

FO BHA
84.67m

4-1/2” CSG
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Screen
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Water injection period
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Rayleigh shift at Brumby 3 in water injection @ Brumby 1

Brumby 4

Fault zone

75 L/min injection rate Brumby 4 51

Xue et al., 



Brumby 2

Brumby 1
VSP

3D view of Brumby wells at Otway site

Brumby 3
Injection well, DTS/DAS/DSS

Brumby 4
DTS/DAS/DSS Monitoring

CO2

CO2

CO2

Mar. 2024?

2024 flux
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