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Introduction
I Continuous Active Source Seismic Monitoring (SNL+LBNL)
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Field test
I hydraulic fracturing (HF) operations
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Field test
I pressure test #2
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Data
I continuous monitoring; resolution: 1 min
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Data
I continuous monitoring; resolution: 1 min

I

4

East-x (m)

6
7

8
North-y (m)

1.5
2.5

3.5

De
pt

h 
(m

)
20

15

10

5

0

W(4) E(4)

N(1)

S(3)

source
receiver

0 5 10 15
Seismic Time (ms)

0.5

0.0

0.5

No
rm

al
ize

d 
Am

pl
itu

de



Data
I continuous monitoring; resolution: 1 min

I

5

East-x (m)

6
7

8
North-y (m)

1.5
2.5

3.5

De
pt

h 
(m

)
20

15

10

5

0

W(4) E(4)

N(1)

S(3)

source
receiver

0 50 100 150
HF Epoch (min)

4

3

2

Se
ism

ic 
Ti

m
e 

(m
s)



Seismic monitoring
I coda wave interferometry: ∆V /V = −∆t/t

6Snieder et al. [2002]
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Seismic monitoring
I coda wave interferometry: ∆V /V = −∆t/t
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Fractures
I W-E vertical fracture (crack)

8



Fractures
I W-E vertical fracture (crack)
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Relaxation
I ray path across main crack
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Relaxation
I ray path across main crack
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Relaxation
I fast (instantaneous) relaxation?
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Relaxation
I slow relaxation?
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Relaxation
I two relaxation mechanisms?
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Lab
I deformation-dependent seismic velocity
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Lab
I deformation-dependent seismic velocity; slow relaxation
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Field
I near-surface relaxation
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Damage & healing
I slow relaxation?

I granular contacts/fractures
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Damage & healing
I slow relaxation?
I granular contacts/fractures

12Rivière et al. [2015] red meule sandstone

400 µm



Damage & healing

13Brown and Scholz [1986]
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Relaxation mechanisms
I fast relaxation
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Relaxation mechanisms
I fast relaxation
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Relaxation mechanisms
I crack closure
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Relaxation mechanisms
I slow relaxation
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Relaxation mechanisms
I slow relaxation
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Relaxation mechanisms
I slow relaxation (lab)
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Insights

I fast relaxation: crack closure

I slow relaxation: healing
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Hydraulic fracturing
I stress-controlled fracture propagation

20Maxwell [2014]
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I resonance experiment
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Introduction
I log-time relaxation
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Introduction
I near-surface relaxation
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Simulated relaxation
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