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Phased-arrays of seismometers and the techniques for processing the acquired data, first
developed in the 1950s for global nuclear-test monitoring, have evolved from large installations
deployed over many kilometers, to compact high-performance systems for local monitoring.
Advances in geophone sensors and modern data acquisition and storage systems enable the
use of phased array methods for microseismic monitoring at local scales, resulting in
significantly improved signal quality and seismic information. Quantum Technology Sciences,
a Geospace corporation, has developed and deployed SADAR compact phased arrays for
various applications for over a decade. Appropriate phased array designs for monitoring energy
operations include variants of circular planar arrays and cylindrical volumetric arrays,
deployed either on a temporary, movable basis (i.e. post-hole installation), or permanently
installed in shallow boreholes. The phased array designs enable spatial signal processing
techniques, such asbeamforming, for maximizing the received signal SNR for a specified design
frequency and band. Volumetric phased arrays, such as the SADAR shallow-borehole deployed
systems developed by Quantum/Geospace, also benefit from depth-related noise reduction
and isolation from environmental-effects. These volumetric designs allow direct and
independent measurement of phase velocity and full 3D vector wavenumber, while the spatial
filtering that beamforming provides suppresses noise and coherent clutter arriving with
wavenumbers not aligned with beam axes.

When deployed as a sparse network, i.e., a SADAR integrated system, the combined network
enhances event detection, phase arrival identification and association, and hypocenter
location accuracy. The modular, scalable hardware and software design allows the arrays and
network to be engineered together for predictable, superior performance compared with
standard surface instrument networks, while remaining more cost effective than downhole
installations. Moreover, the SADAR integrated system hardware and software components are
engineered to provide robust reliability and implicitly include a tolerance for sensor attrition.
The processing systems output derived seismic monitoring information useful in operations
control systems. While initially designed for passive monitoring, the SADAR arrays have also
demonstrated excellent capabilities for active source imaging using the optimum offset
technique. For example, the SADAR arrays deployed at the CMC Field Research Site (FRS),
provide fixed position sensors and infrastructure that record seismic surveys as a matter of
daily operations, while the deployment depths avoid near-surface noise and scattering, and
seasonal/weather related distortions, for highly repeatable optimum offset images.

Demonstrated SADAR deployments include longwall coal mining at depths of ~300 meters,
integrated passive and active survey monitoring for geologic carbon storage (e.g., CMC FRS),
and monitoring of hydraulic fracturing reservoir engineering deeper than 3000 meters.
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The technology is readily adaptable to a wide range of microseismic monitoring applications,
including SAGD, CCS, and EOR, geothermal, gas storage, mining and solution mining, and waste
disposal operations.



