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Introduction
» Continuous Active Source Seismic Monitoring (SNL+LBNL)
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Introduction
» Continuous Active Source Seismic Monitoring (SNL+LBNL)
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Field test
» hydraulic fracturing (HF) operations
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Field test

» pressure test #2

40

Pressure (psi)
N w
o o

=
o

T

20

40 60
HF Epoch (min)

80

100

= N w N (03]
Flow Rate (gpm)

o



Data

» continuous monitoring; resolution: 1 min
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» continuous monitoring; resolution: 1 min
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Data

» continuous monitoring; resolution: 1 min
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Data

» continuous monitoring; resolution: 1 min
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Seismic monitoring
» coda wave interferometry: AV /V = —At/t
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Seismic monitoring

» coda wave interferometry: AV/V = —At/t
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Seismic monitoring
» coda wave interferometry: AV /V = —At/t
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Fractures

» W-E vertical fracture (crack) N(1)
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Fractures

» W-E vertical fracture (crack) N(1)
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Relaxation
» ray path across main crack
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Relaxation

» ray path across main crack
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Relaxation

» fast (instantaneous) relaxation?
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Relaxation

» slow relaxation?
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Relaxation

» two relaxation mechanisms?
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Lab

» deformation-dependent seismic velocity
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Lab

» deformation-dependent seismic velocity; slow relaxation
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Field

» near-surface relaxation
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Damage & healing

» slow relaxation?

12



Damage & healing

» slow relaxation?

» granular contacts/fractures 400 pym




Damage & healing
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Damage & healing
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Damage & healing
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Sens-Schonfelder et al. [2018]
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Damage & healing
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Relaxation mechanisms

» fast relaxation
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Relaxation mechanisms

» fast relaxation
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Relaxation mechanisms

» crack closure
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Relaxation mechanisms

» slow relaxation
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Relaxation mechanisms

» slow relaxation
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Relaxation mechanisms

» slow relaxation (lab)
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Insights
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Insights

» fast relaxation: crack closure
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Insights

» fast relaxation: crack closure

» slow relaxation: healing
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Hydraulic fracturing

» stress-controlled fracture propagation
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Introduction

» resonance experiment
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Introduction

» resonance experiment
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Introduction

» log-time relaxation
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Introduction

» near-surface relaxation
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Introduction

» near-surface relaxation
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Physical cycle
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Physical cycle

thermodynamics
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Physical cycle

thermodynamics
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Physical cycle thermodynamics
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Simulated relaxation
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Simulated relaxation
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Hydraulic fracturing
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Introduction

» log-time relaxation
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