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Background

Goal: Precision In-situ monitoring of seismic velocity via
crosswell geometery

Motivation:

- Earthquake ‘forecasting’
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e Measure tectonic stress change

e Need calibration signal:

» Barometric pressure Schematic Example
- Monitoring of CO2 sequestration

e Constrain in-situ processes, petrophysics

e Monitoring for ‘leakage’




Delay Time Precision

= For crosswell acquisition parameters we can simplify the Cramer-
Rao bound (Silver, et al, BSSA, 2007 )

T=window length, B=fractional bandwidth, SNR=Signal-to-Noise Ratio,

- 0, =0, =delay time precision (std. dev.)
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= Result:

- The precision of crosswell travel time monitoring is mainly
dependent on signal-to-noise ratio

- Massive stacking can maximize SNR (104-10°), minimize o,< 10’s




Optimal Acquisition Frequency

= \Want to maximize number of wavelengths = N, for a
crosswell distance L, allowing for attenuation Q

Forn/Q<<1l N-~Q/xm (Silver, et al, BSSA, 2007)

Example: Q=60, N=20; if Vp=1.5 km/s, L=30 m,
Then optimal frequency f=1000 Hz

« Shorter distances need higher frequencies.




Initial Tests: 3m Spacing, 2003; 30 m Spacing 2004
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Massive Stacking and Temperature Correction

Get NY2improvement out to at least

10.000 t | Temperature Correction ~ 0.1us/°C
, races!
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Shallow Stress Monitoring Results:

2 Measurement
Periods of ~ 12 days

Barometric pressure
used for calibration

Measured Stress
Sensitivity = ~ 107 /Pa
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Stress Monitoring: SAFOD Boreholes - 2006
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Result from First Month: S-wave
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SAFOD: Second Data Set
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Coseismic stress change from M3 and M1 events!
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CO2 Monitoring
CASSM: Continuous Active Source Seismic Monitoring

= Motivation

- Apply techniques developed for stress monitoring to
reservoir monitoring of CO2 injection

= Frio-ll Pilot CO2 Injection

- How to monitor spatiotemporal evolution of CO2 plume
during injection (emphasis on buoyant rise of CO2 in
reservoir).




Frio Pilot: Supercritical CO2 injected at ~1600 m
P-wave Tomography showed large velocity change
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Frio-ll Continuous Active-Source Seismic
Monitoring (CASSM): 5 Raypaths
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CASSM
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CASSM
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Summary and Conclusions

Continuous crosswell travel time measurements can
monitor stress induced velocity changes with non-
permanent equipment installation.

At SAFOD we see indications of coseismic and
prerupture stress induced velocity change.

Reservoir processes such as CO2 injection can be
monitored for spatial and temporal changes using
CASSM technique.
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