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Conventional Time-lapse Seismic vs SOV-DAS

Conventional SOV-DAS permanent monitoring system
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Why SOV-DAS?

 Continuous tracking of the CO, plume through 2D
seismic Images

 Cost-effective for long-term seismic monitoring when
compared to conventional 4D seismic acquisition

* High temporal sampling enables detection of small
changes

 Enables real-time data processing optimization and
analysis, leading to fast decision making

 Simultaneous active and passive seismic monitoring
with potential for monitoring induced seismicity



SOV/DAS demonstration:
CO2CRC Otway Project

Stage 3: 15 kt of CO2/CH4 gas injected
into Paaratte formation~ 1.5 km depth

— Injector well CRC-3
— Monitor wells CRC-4,5,6,7

Continuous and automated
monitoring using DAS/SOV system

Edge computing and automated seismic
processing for rapid plume evaluation

Decrease acquisition footprint and
societal impact from seismic acquisition




Permanent seismic monitoring array

CO2CRC Otway project

Victoria, Australia

at Otway Stage 3
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SOV /DAS

SOV 1%t Generation—SOV1 & SOV2
(deployed 2016)

SOV 2" Generation— SOV3 — SOV9
(deployed early 2020)

VSP data quality
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Edge Computing and Automated Processing

Multi-offset time-lapse anomalies show CO, plume migrating from injection interval
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Baseline and difference seismograms
after migration (SOV6/CRC4)
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Comparison of SOV /DAS with

convention 4D VSP seismic

[Pevzner et. al. 2021]
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Evolution of the CO, plume captured by
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Detection of remobilization of
previous CO, injection plume
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Repeatability of the SOV source
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Signature tests: Preliminary data analysis
of differences in sweep direction
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Simultaneous passive monitoring:
microseismic detection
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Continuous monitoring
with SOV/DAS also
allows for simultaneous
monitoring of induced
seismicity




Microseismic event example
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Lessons Learned

— Asymmetry between direction of rotation of the
SOV source compromise repeatability

— Repeatability of the SOV source signal 1s
currently being explored

— Near field geophone highly affected by near-

surface conditions
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Accomplishments to Date

— Take away message: Cost-ettective, long-term and
continuous seismic monitoring ot a CO, injection can be

successfully achieved with SOV /DAS

— Detection of the injected CO, plume with volume as low

as 580 ton using the SOV /DAS data)

— Continuous operation since March 2020 with minimum
down-time

— Remote operation and acquisition of SOV/DAS for
quasi-real time monitoring

— Simultaneous passive monitoring for joint active/passive

interpretation
18



Appendix
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Project Summary

— Time-lapse VSP acquired with SOV can be used to
conduct continuous reservoir monitoring (with
automated acquisition and data processing);

— Acquiring VSP surveys using DAS and SOV sources
offers an alternative to surface vibroseis surveys for TL
monitoring;

— DAS/SOV provide datasets sufficient to image
injection depth;

20



Benefit to the Program

Goal (1) Develop and validate technologies to ensure 99 percent
storage permanence by reducing leakage risk through early
detection mitigation.

Goal (2) Develop technologies to improve reservoir storage
efficiency while ensuring containment effectiveness by advancing
monitoring systems to control and optimize COZ2 injection
operations.

Successful development of SOV-DAS will enable more cost
effective monitoring and can serve to either reduce or replace
more expensive traditional 4D seismic methods.

Simultaneous acquisition of active and passive seismic
monitoring is a step towards monitoring the CO2 plume using
ambilent noise 21



Synergy Opportunities

— SOVs will be used in the Eagle Ford Shale Laboratory project
(Texas A&M, LBNL)

— The ADM CCS project used SOV/DAS based monitoring

— Enhanced geothermal system (EGS) projects, such as at
FORGE, could benefit from the ortented Sy; SOV to identify

anisotropy and evaluate fracture stimulation

— Unitversity of North Dakota EERC (Energy and Environmental
Research Center) SOVs at Bell Creek Field, Montana

— Red Trail Energy continuous monitoring with DAS/SOV
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Project Overview
Goals and Objectives

* Project Goal: To improve the performance of SOV-
DAS by trialing new field hardware and data processing
methodologies. Develop best practice and guidance for
incorporating SOV-DAS into permanent reservoir
monitoring programs.

* This project will be considered a success if it is able to
improve SOV-DAS performance such that it provides
equal or better quality data as compared to current
state-of-the-art approaches to seismic acquisition.

* Leverage from active seismic and passive seismic
components of the DAS acoustic data 3



Organization Chart

Julia Correa, LBNL, Task Leader, SOV /DAS data processing and analysis
Stanislav Glubokovskikh, LBNL, microseismic data analysis
Todd Wood, LBNL, Electrical engineering and software development

Michelle Robertson, Project Scientist, field logistics and operations management

Collaborators:

— Curtin University (Roman Pevzner lead scientist for Otway Stage 3 experiment),
SOV /DAS data processing and analysis

— COZ2CRC (Paul Barraclough Project Leader for Stage 3)
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Gantt Chart for LBNL
Target Research Program

Planned
Completion Comment (notes,
Task Milestone Description* Planned Date Actual | Actual explanation of
Fiscal Year 2021 Start (Reporting | Start End deviation from plan)
FY 22 Date
Q1 | Q2 | Q3 Q4 Date)** Date Date
Milestone 2-1 L . 6/30/2022 Completed as reported in
® Acquisition of SOV/DAS signature tests Q3FY22 X Started (7/31/2022) Q3FY 22 report.
Milestone 2-2 X ) 9/30/2022
®) Analy sis of SOV/DAS signature tests Q4FY 22 Started (10/31/2022) Underway .
} ) ) . } 9/30/2022
z\g;estone 2-3 jg;r;t analy sis of passive DAS and active DAS-SOV Q4FY 2 Started (10/31/2022) Sl Gl
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