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Advances in Distributed Acoustic Sensing (DAS)
monitoring for CCS projects

Dr Anna Stork, Senior Geophysicist
CO2 storage - and opportunities for geoscientists, 18 May 2022
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What is Distributed Fibre Optic Sensing?

Optical interrogator "

« Light-based measurement technique using a laser “interrogator
and a fibre optic cable.

« The sensor is the fibre optic cable.

« Used to measure temperature, strain-rate or strain.

« Usedin borehole & surface measurements.

« Wide aperture coverage compared to standard sensing systems.

Fibre cable ——» —

~IRae., « Specifications:

Backscatter light returning \y ) ) .

to the interrogator /.‘ - <1m spatial sampling capability.
i .
\A,—v b= - Measurement range 10s of kilometres.
/’ . . . .
e Laser pulse propagating - Simultaneous measurements at all points along optical fibre cable.
\ through the fibre
(\(\
&h
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Fibre Optic Sensing Advantages

Fibre-optic cables

Optical interrogator  Continuous sensor.
Borehole fibre cable in

metal tube

Slim package for permanent
deployment.

Large aperture, dense array.

No electronics.

@ 6.35mm - Single cable with multiple optical
fibres for acoustic, temperature,
. and strain sensing.
Fibre cable ——» —
=Y
Backscatter light returning '
to the interrogator i Array of borehole sensors Geophones
\ B « Discrete sensors.
w—
- -
/v/'  Bulky, not well suited to
Laser pulse propagating

permanent deployment.

\ through the fibre

f\'\(\
—

e Limited number of channels.

+ Electronic components and
connections required.

e
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Distributed Fibre Optical Sensing Technology

Carina®

Acoustics (DAS)
>120dB Dynamic range

Rayleigh
(same wavelength

as incident pulse)
Backscatter A P Enhanced backscatter
IR R R - - e @ @ @
c
H (V]
4 ]
[ ] 00 (] [ ° " o o o 00 E . .
Qo 0°00,%¢° o o fe 0, S Brillouin Brillouin
o — o ¢ 0° o (Stokes) (Anti-Stokes)
........ . g
]
Standard Fibre ] Engineered Fibre
~ Raman Raman
g (Stokes) (Anti-Stokes) US Patent No. US 10,883,861 B2
o EP Patent No. 3265757

Incident light Frequency
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Wavelength % SILlXA
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Distributed Fibre Optical Sensing Technology

Carina®

Acoustics (DAS)
ULTIMA™ DTS XT-DTS™ >120dB Dynamic range

Temperature (DTS) /
0.01°C Resolution Rayleigh
(same wavelength
A as incident pulse)
Backscatter Enhanced backscatter
-« - - - 2 — - - - -
e
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%o 0 00" ¢ " A ettt :' S Brillouin Brillouin
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©
Standard Fibre ] Raman Raman Engineered Fibre
X
% (Stokes) (Anti-Stokes) US Patent No. US 10,883,861 B2
o EP Patent No. 3265757

Incident light Frequency
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Wavelength % SILIXA
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Distributed Fibre Optical Sensing Technology

Carina®

Acoustics (DAS)
ULTIMA™ DTS XT-DTS™ >120dB Dynamic range Fibre Ruler

Temperature (DTS) / Strain (DSS)
0.01°C Resolution Rayleigh 1 pe Resolution
(same wavelength
A as incident pulse)
Backscatter Enhanced backscatter
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CCS Monitoring Challenges

Conformance, Containment and Contingency Monitoring DAS VSP at CO2CRC Otway

Operators to ensure the safe storage of CO,

65815“ OBUPW 657?0. 657000 5734000
3 J

Measurement, monitoring, and verification (MMV) plans to verify
* Is CO, injected into the intended storage formations?
« (Can the injected CO, be tracked over time in the intended storage volume?
« (Can leakage be detected?
«  Wellbore monitoring.
« Subsurface & fault imaging (seismic).

* (O, plume monitoring (seismic, gravity)

CCS monitoring operations present technical challenges

« Harsh environments in-well

Figure courtesy of Curtin University

 Large storage sites

« Offshore operations

e
A SILEX A
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CCS Monitoring Requirements - Distributed fibre-optic sensing

* Pre-injection:

Site characterisation: stratigraphy, caprock
continuity, fault zones (DAS).

Baseline surveys (DAS, DTS, DSS).

» Injection monitoring:

Flow profiling (DTS).
Wellbore integrity (DAS, DTS).
CO, plume mapping (DAS):
- Identify leakage pathways.
- Possible secondary accumulations.

CO, plume breakthrough (DTS, DSS).
Microseismic characterisation (DAS).
Deformation - uplift/subsidence (DSS).

« Post-injection:

Verify continued CO, containment and storage
(DAS, DTS, DSS).

12 © Copyright Silixa Ltd 2022

Monitoring costs affect the economic viability
of projects: fast & reliable methods are key.
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DAS for Seismic Applications

« Phase-coherent DAS systems record full seismic wavefield: Surface deployment
« Amplitude, phase & frequency. Y- I
« Enables repeatable measurements.

« Wide-aperture coverage with long arrays:
« Thousands of channels.

* Flexible installations:
1. Surface trenched.

2. Borehole:
« Qutside casing: Cemented or clamped. Borehole deployment options

Tubing
Casmg

Tubing
Casmg

Tubing
Casmg

« Clamped to tubing.

«  Wireline/slickline. — i , e
« Suspended. |
- Standard single-mode and multi-mode fibre acquisitions: |
« Use of legacy fibre-optic installations. <
« Passive & active seismic.
* No electronic/mechanical components in sensor
« No maintenance Inside tubing; Friction Outside tubing: Clamped OutS|d¢; casing: Clamped &

Cemented

A SILIX A
2
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« Long lifetime
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DAS for Seismic Applications

Microseismic event DAS recording

Phase-coherent DAS systems record full seismic wavefield:
« Amplitude, phase & frequency. o
« Enables repeatable measurements.

[ ]
v—

Wide-aperture coverage with long arrays: 5
« Thousands of channels. ]

* Flexible installations: =y
1. Surface trenched. T |
2. Borehole: '
« Qutside casing: Cemented or clamped. Borehole deployment options
* Clamped to tUbIng' TUb|i2§sincg . TUb|irC1§sir2:g . TuTEisirég .
«  Wireline/slickline. ,
« Suspended.
- Standard single-mode and multi-mode fibre acquisitions: |
« Use of legacy fibre-optic installations.
« Passive & active seismic. -
* No electronic/mechanical components in sensor '
« No maintenance Inside tubing: Friction Outside tubing: Clamped Outside casing: Clamped &
Cemented
« Long lifetime —
A SILEX A
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Silixa CCS Projects

Silixa Fibre Optic monitoring

Source: Global Status of CCS 2021 report, Global CCS institute 2021
(https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report Global CCS Institute.pd

« 27 operational facilities,
* 4in construction,
« 58in advanced development.

« North America: >40 new projects since 2020. — "
15 © Copyright Silixa Ltd 2022 . s"—IXA
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https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
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Case Study: Otway project, VA, Australia

Objectives:

« Establish permanent reservoir monitoring for reliable and efficient CCS.

* Reduce the cost of monitoring by tens to hundreds of millions of dollars
over the life of a commercial project.

* Provide assurance to Governments and Communities.
* Novel subsurface monitoring technologies & methods:
1. Appraise,
2. Implement,
3. Demonstrate, P o
4. Validate.

Project outline:

+ CO2CRC with CSIRO & Curtin University.

* Onshore CCS demonstration in rural area.
« 15,000 tons of CO, injected by 2022.

+ First optical fibre cable installed in 2014. Maﬁ";f;;’gg‘ﬁ;
« >40 km of fibre installed by 2020. Force: 69.6 kN
« 5Sxwells equipped with the Carina® Sensing System. Small motor

«  Multiple low-impact/low-cost Surface Orbital Vibrator sources (SOV). Ma)F(OFrrfeq:;fg kHNZ Correa et al. 2021 Geophysics

e
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Case Study: Otway project, VA, Australia

Vibroseis trucks ; .
3x Carina® interrogators

5x deviated wells
9x SOV sources
45x 2D images/day

Benefits of using SOVs

Low operational costs.

Overcomes issues with access to field sites.

High temporal resolution.

High repeatability. —

Results available hours after acquisition. Q_% SILIXA

acLtionable insight
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2D VSP Monitoring Surveys

1 day prior 1 week after 1 month after 3 month after
Baseline injection injection started injection started injection started

\

Incremental injected
CO, in [tons]
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CO, Plume Migration

2D Sections for 9 SOV sources and one well (CRC-3)

Multi-offset migrated display for CRC-3

500

1000 -

Z(m)

1500 -
2000 -

2500 ..
8.566 5.7343
5.7342

. 57341
103 6.572 > m - 5734 10°
6574 - - 57338
6.576 - 5.7338
E (m) 6578 §.7337 N (m)
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CRC-33DVSP

3D Plume migration over time
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Case Study: Aquistore project, SK, Canada

Baseline 3D seismic volume

Objectives:

« Demonstrate scientific and economic feasibility of deep saline aquifer
storage for CCS.

« Assess minimum datasets requirements for assuring safe storage.

» Assess possible induced seismicity driven by CO, injection.

» Provide the knowhow for jurisdictions and companies with a safe,
workable solution to reduce greenhouse gas emissions.

Project outline:

+ Managed by Petroleum Technology Research Centre.

« Commercial-scale project with research partners from 15 countries.

+ Combined commercial power plant & CCS facility.

» Reservoir at 3,400 m depth.

* Since 2015 >400,000 tonnes of CO, stored.

« Most comprehensive full-scale geological field laboratory for CO,
storage in the world.

* Accelerate understanding and verify the safety of CCS.

g I
Silixa crew
|

Figure courtesy of Don White, Geological Survey of Canada

—
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Case Study: Aquistore project, SK, Canada

250,000 Ton
Jan-2020 4D DAS VSP
7 CO, Plume Monitoring at >3 km depth
141,000 Ton
200 - [ ] i
) PRI L Repeat dypamlte surveys
Nov-2016 ‘1' | « Baseline
36,000 Ton @ * 4 monitoring surveys
g Feb-2016
:/n/mx', a/1/2016 a/1/2017 a/1/2018 a/1/2019 36,000 ton injected 102,000 ton injected 141,000 ton injected
Date

nRMS*
1.0

4D DAS Vertical

Seismic Profile (VSP) 0.5

INJ = Injection well 0
OBS = Observation well
CO, injection well CO, extent
White et al. 2019 SEG
Za
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Carina® CarbonSecure™ CO, Monitoring Solution
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Carina® CarbonSecure™

Solution

Distributed

r ------------------------------------------------ -
Temperature Sensing ' End User Site i
1 H .
! i Remote operation _
Distributed E i A ——————————————————— ‘ SDyaSttaechEt P
0 o 1 ] )
Acoustic Sensing : : ‘ . : - Remote Support
R— E i Data Acquisition | Silixa’s edge Platform i -
Distributed . E E
Strain Sensing r || ety i
ol : On Site | _
- bl | Processing &  Example inadstry ClOUd storage & computing - Customer platforms
Cementation g i : Storage services| @ - 3" party analysis
I .
: E E ‘ EMicrosoft Azure Databox gateway - Data Integration
P : ' @ - Dashboard visualisation
Well Integrity E ' E é E IBM Aspera service
| : :
1! 1 1
Induced Seismicity Pl E i Full-bandwidth streaming
P ' : to off-site servers :
e b | - Silixa's real-time analysis and ! - Requires high-speed
3D/4D Seismic E E i processing : —_— s network )
bl i - Data Conditioning & Resizing E - Dat:. a.naly5|s and/or
Production/Injection E : i - Onsite CPU intensive i archiving
Monitoring P ! operations i
] ]
e e o a
Flow Metering
T
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Carina® CarbonSecure™: Silixa’s Solution for Safe & Economic CCS Monitoring

Complete solution built on 3 integrated distributed
optical measurements in one cable, DAS, DTS & DSS:

« Assures wellbore and caprock integrity.

3.0

R

.f % .S SILIXA
:,(’.# | « Enables time-lapsed plume mapping.
7 « Detects induced seismicity.
) ;./ *  When deployed offshore can tolerate long
A 3 step-out distances up to 150km or more.
/ L. S
g J_w * And, reduces cost.

Carina® CarbonSecure™ delivers:

 Fiber optic cable (| r) - Verification of the volume of CO, stored
- permanently installed Al & vy | K e '
at the time of well completion.

underground.

Continuous understanding of CO, distribution
and movement.

Assurance of long-term storage integrity.

Minimal environmental impact.

Lower life-cycle costs..

e
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Offshore Cable Installation

Monitoring DAS while RIH

Contol lines while RIH

e
A SILEX A
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Cost-effective & Proven Subsea Solution

World's first subsea DAS system
A

| *New Otledns * 38
S . ) y el
At

Offshore Conventional VSP Survey

LOUISTANA
TEXAS : o RS e

Housten |

« Light well intervention vessel or jack-up rig,
« Wireline or coil tubing deployment,

* Personnel mobilisation,

e Seismic vessel,

» Duration 8-10 days.

Offshore DAS VSP Survey

« Minimal mobilisation,

« Cable permanently installed,
* Remote operation,

« Seismic vessel,

« Duration 5-10 Days.

—
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summary

« Safe and secure CCS required during the energy transition phase.

« Comprehensive measuring, monitoring, and verification (MMV) planning
is key to ensuring CO, safe storage.

 Distributed fibre optic sensing offers a viable alternative to conventional
seismic methods by:

- Reducing monitoring costs,
- Providing spatially & temporally continuous data.

« Carina® CarbonSecure™ provides a long-term, on-demand, and cost-
effective monitoring solution for safe CCS.

4

Faster CCS adoption worldwide.

vz SILEX A
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Silixa does not consent to the recording of this conversation and/or presentation, by audio, video or any other means. Silixa ‘
reserves the right to pursue any and all available legal and equitable remedies should a recording be made. . @
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Thank you for your attention!

Connect with us at info@silixa.com
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