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State of Stress
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Critical State of stress

a. * All brittle failure experiments
exhibit precursors

* All shear experiments exhibit
precursors
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Objectives

Monitoring for faults at a critical state of stress

Goal: ensure safe and long-term CO2 storage
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— Identify faults of concern in the
region
* During-injection monitoring
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Approach

ldea: small seismic signals (previously
unidentified) may reveal important
Information regarding the evolution of state
of stress on the fault due to CO, Injection

e Detect small seismic events related to critical
state

* Analyze small signals that may inform us of
upcoming fault failure



Approach (1)
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Approach (I1)

 Small signals before the fault failure
— Numerical modeling
— Laboratory experiment
— Machine learning

a Experimental run time

time
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Technique

e Challenge: rapid detection
of small signals in a noisy
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Demonstration of IWC
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6735 events

Detect small events
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Solid earth tide
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Tidal triggering of events
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» Higher seismicity rate during rising fortnightly tides
* Threshold stress behavior drives seismicity
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Tidal triggering of events
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Rising Fortnightly Seismicity

1.10

1.00 |

'(a)

0.90 |

0.80 |

Observed/Expected Rate

-180

()

I1kPa

Coulomb Stress

0
Not Correlated

180

Peak 1-10}(b)
Fortnightl
Y 40

Falling Fortnightly Seismicity

\ ‘
Ay

Tectonic \° adifd

« During falling fortnightly tides, earthquakes preferentially coincide

with the peak semi-diurnal stress.
e Semi-diurnal stress drives seismicity
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Interpretation

o tidal triggering of
earthquakes transition from
occurring during peak tidal
extensional normal stresses
to peak tidal shear stresses
as pore pressures increase
from below lithostatic
pressure to near lithostatic
pressure.
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Summary

* We are developing methodologies to probe the
state of fault (e.g., IWC, machine learning)

* These methods can provide information on the

fault, such as pore pressure and effective normal
stress

* By monitoring the change in state of stress on the
fault, we may provide time bound on fault failures,
and reduce the risk of induced seismicity
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Next Step

e Apply to proper dataset . - - - - - - . . . .
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Appendix

19



Benefit to the Program

* Identify the Program goals being addressed.

— Improve the risk assessment of induced seismicity in carbon
sequestration.

* Insert project benefits statement.

— The research project is developing new methodology to identify and
monitor faults at a critical state of stress. If successful, the proof-of-
concept work will demonstrate at field scale a transformational approach
to both identifying potential faults of concern during site pre-

characterization and monitoring a site during injection such that induced
seismicity 1s minimized or even avoided.
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Project Overview
Goals and Objectives

— Present information on how the project goals and objectives
relate to the program goals and objectives.
e The stress state of the fault is related to risk level of induced
seismicity. Monitoring faults at critical state of stress enables

advanced risk assessment of induced seismicity for carbon
storage.

— Identify the success criteria for determining if a goal or
objective has been met. These generally are discrete metrics
to assess the progress of the project and used as decision
points throughout the project.

* New methodology for monitoring the stress state of faults
* Successful application of the methodology to CO, storage field
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Organization Chart
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Gantt Chart
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