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Benefit to the Program

Carbon Storage Program Goal Support:

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 CO,
Injection operations.

Goal (4) Contributing to the Best Practice Manuals for
monitoring, verification, and accounting (MVA) with regard
to IMS.



Benefit to the Program

IMS System Benefits:
A Reduce overall storage cost.
A Increase monitoring sensitivity.

A Increase monitoring reliability by using an
Integrated system.

A Optimize operation and maintenance
activities.

A Reduce project risk during and after the
Injection of CO.,.




Project Overview:
Goals and Objectives

A Develop an integrated IMS architecture that utilizes
a permanent seismic monitoring network, combines
the real-time geophysical and process data with
reservoir flow and geomechanical models.

A Create a comprehensive monitoring, visualization,
and control system that delivers critical information
for process surveillance and optimization specific to
the geologic storage site.

A Use real-time model calibration to provide reservoir
condition forecasts allowing site optimization.
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USGS Seismic Monitoring
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Methodology

A The proposed ICCS IMS program is
transformative. It integrates into a single real-time
processing framework the following emergent
technologies.

DAS seismic imaging (VSP & surface reflection)
Permanent surface orbital vibrator
Hybrid geophone/DAS microseismic array

DTS well integrity monitoring



Existing vs. New Technology

Convention Seismic

Seismic surveys are considered the backbone technique for
CO2 storage monitoring programs.

Stringing thousands of cables and running thumper trucks
every few years can test the limits of good neighbors. Costs
are high.

Permanent reservoir monitoring offers a way to obtain higher

guality information with minimal intrusion into surrounding

lands T

A DAS provides high spatial and temporal resolution.

A Installation can be in horizontal directionally drilled
boreholes beneath bodies of water, existing infrastructure.

A Excitation of DAS cables can be achieved through

permanent fixed rotary sources for continuous

monitoring.
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Distributed Acoustic Sensing (DAS)
- Example from PTRC Aquistore

optical fibre
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Distributed Acoustic Sensing

A Standard optical fibre acts as the

Sensor array
¢ Typical sampling at 10kHz on
10,000m fibre
¢ Standard gauge length of 10m
¢ Spatial sampling of 25cm
¢ DAS measures change in average
elongation per 10m gauge length

per 0.1ms acoustic time sample,

sampled every 0.25 m in distance
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Surface Orbital Vibrator i VFD Controlled AC Induction Motor
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FAT Helical Wound Cable

Anderson and Shapi@HWC on soft mandrdl980 US Pater375313
Hornmanet al. (2013 7% EAGEintroduced a helical wound FO cable
LBNL trialed multiple designs with varying physical properties

Line 5 installed one length of HWC for comparison to straight fiber
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Lessons learned T acoustic

impedance of cable and
surrounding soil is important
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Geophone Data
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