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Project Description and Background:


This experiment seeks to explore the field measurement of temporal variations in subsurface stress through continuous monitoring of seismic travel times between boreholes. Time-varying stress is a fundamental property associated with many of the dynamic processes studied in geosciences, including rock fracturing, fluid transport and earthquake dynamics. Numerous laboratory studies over several decades have shown that seismic velocities clearly exhibit stress dependence, usually attributed to changes in the physical characteristics of cracks (e.g. crack density, crack orientation). Active source experiments have been attempted many times in past decades with the goal of monitoring known stress sources such as earth tides or barometric pressure, with minimal success. Recently, definitive observations of earth tides and barometric pressure were reported in Japan (Sano, et al, 1999 and Yamamura et al, 2003) and by our group (Silver, et al, 2007). These studies used crosswell seismic geometry with high frequency piezoelectric sources. At LBNL we have state-of-the-art facilities for controlled source crosswell seismic acquisition, which has advanced to the point of measuring sub microsecond variations in travel time. The crosswell acquisition geometry provides access to the subsurface without the large variability associated with near-surface measurement.  
In two separate field experiments, at distance scales of 3 and 30 m, we have shown the effect of barometric pressure on crosswell travel time and thereby calibrated the stress sensitivity of the rock volume between the wells using sub-microsecond precision in travel time measurement.  In the 3 m experiment we found a stress sensitivity of 10-6/Pa while in the 30 m experiment the sensitivity was 5 x 10-5 /Pa.  These calibration measurements provide the foundation for any long term measurement of tectonic stress change, such as those preceding earthquakes, or for varying stress change such as that due to fluid injection or withdrawal.  Most recently, measurements at SAFOD (San Andreas Fault Observatory at Depth) at a depth of 1 km demonstrated a 0.3% change in the average S-wave velocity, which shows a good negative correlation with the barometric pressure corresponding to a stress sensitivity of 2.4x10-7Pa-1. SAFOD observations also included two travel time excursions that are coincident with two earthquakes that are among those predicted to produce the largest coseismic stress changes at SAFOD.

Why is this activity important?


 A test with long term (months to years) travel time monitoring and concurrent monitoring of important hydrologic properties such as water level, is required to definitively demonstrate the remote measurement of stress changes.  Long term monitoring will allow repeated measurement of externally induced stress changes and will allow us to identify the level of dynamic stress sources (eg. pore pressure changing effective stress) which can be monitored. Additionally, a larger scale test will allow investigation of the scaling of travel time accuracy with distance and frequency content. A successful test will indicate potential new applications of seismic monitoring for important DOE programs such as contaminant remediation and CO2 sequestration.  An order-of-magnitude increase in the expectations of crosswell seismic measurement is possible.

What will be done with funds and what are the expected results?


The experiment will consist of an active source crosswell seismic monitoring system permanently deployed within DUSEL. The funds will be used to procure the necessary equipment,  support personnel to prepare and carry out the field experiment, and to support maintenance and on-going data analysis once the monitoring system is operational. The results will be a measurement of stress sensitivity and a continuous monitoring of stress changes between the chosen boreholes.

Justification:

This field of investigation has only recently had reported success.  There is skepticism that seismic travel times can be measured accurately enough to see small stress-induced changes. Long term monitoring in the stable environment of DUSEL will provide the ideal platform for unambiguous demonstration of stress monitoring via precision crosswell travel times.


