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Executive Summary of CRADA Work:

This was a collaborative effort between Lawrence Livermore National Security, LLC ("LLNS"), as
manager and operator of Lawrence Livermore National Laboratory ("LLNL"), The Regents of the
University of California, as manager and operator of Lawrence Berkeley National Laboratory
(Collectively, Contractors) and Nanometrics, Inc. ("Participant"), to develop a toolkit called
"Operational Forecasting of Induced Seismicity (ORION)" that includes a decision tree method
for operational forecasting of induced seismicity rates related to fluid disposal operations.

Summary of Research Results:

The specific technical accomplishments related to the development of the python-based
software

package called ORION are itemized below and depicted in Figure 1:

* Two physics-based forecasting methods,

e Statistical measures for the probability of exceedance of a target magnitude earthquake
within a given time-period,

e Incorporation of open-source tools for estimating statistical properties of seismic catalogs
and evaluation of the goodness-of-fit of output forecasts,

e Spatiotemporal estimates of the pressure associated with injection via the use of Theis
equations,

» Spatiotemporal estimates of the number of seismic events related to that injection,

e Methodologies to ingest operational data and seismicity catalogs from and end-user,

* Methodologies to query operational or seismicity data from local public websites,

e Ingestion of results from machine-learning based methodologies for estimating the

pressure distribution,

¢ Software documentation,

e Interactive graphical user interface that can be used by a wide variety of end-users.

At present, none of the statistical methodologies are currently implemented within the ORION
toolkit. LBNL was tasked with developing the python-based coding package for these methods.
Effort was contributed by LBNL and progress was made, however, the full extent of the work
package was not completed. It is estimated about ~60% of the work is outstanding. Following
the conclusion of this CRADA, LLNL will assume the responsibility for integrating the

statistical methods into the ORION toolkit. Once completed, ORIONvO.5 will be released for
open-source use.
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