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The application of deconvolution to continuously recorded passive seismic data: results
from a passive microseismic data set near Fox Creek, Alberta
R. M. Weir , R. Salvage, D. C. Lawton , and L. R Lines
This report is a follow up from a report submitted for the last MIC
conference in 2018. Continuously recorded data has the following
issues:
i. Along with the desired signal, passive seismic data often contains
noise generated from traffic, pipelines, human activity, as well as
the sensor itself.
ii. the raw data may also contain high frequencies, which are
beyond the bandwidth of recorded seismic events
iii.Crossfeed between horizontal and vertical channels (coupling of
signal or noise from horizontal to vertical)
Here we tested the effectiveness of seismic processing the raw as
applied to seismic event detection on continuously recorded data.
We applied:
i. Deconvolution, filtering and scaling applied to the vertical
channels
ii. Filtering and scaling applied to the horizontal channels
Preliminary results suggest a significant increase in the number of
detected events, when compared with input data that had only
undergone pre-filtering.

Figure 6.The number of events per hour detected using REDPy with
parameters (in the table below) , orphans shown in black and repeaters in red.
The data is band-passed filtered between 1 and 70 Hz (Upper). The data is
processed using deconvolution, in addition to filtering and scaling (Lower).
Note the x-axes are on different scales and so cannot be directly compared.
Figure 3. Raw input data from a 60 second seismic record} This record shows P
and S waves arriving on both the horizontal (H1, H2) and vertical channels (V)
(cross-feed). The geophones were buried at 27m, beneath the surface and
therefore were below the low velocity layer present the subsurface. The
buried geophones will record all components of the signal, surface phones
have the surface effect to separate the P and S signals.

Figure 7. Temporal evolution of repeating events within the data set using
deconvolved data. Each horizontal bar represents one group of repeaters, with
events identified as red-yellow on a colour scale dependent upon the number
of events occurring per hour (red = few). The number of events per family is
shown at the end of the line. Only families with greater than 5 events per family
are shown here.
Figure 1. An illustration of how the near surface layer effects the
Geophone recording at surface, as compared to buried
geophones. Buried geophones record all components of the
incoming wavefield

Figure 4. Record 24006 processed using deconvolution , filtering and scaling on
the vertical channel (V). A 0-15 Hz. filter along with a trace equalization scalar
was applied to the H1 and H2 channels. This is what was used for the entire
data set, and passed on to REDPy.

i. Using this methodology, we have been able to increase the number of
detected seismic events within the dataset from 3700 events, to over
17,000,
ii. Almost all of the ``new'' events are classified as orphan events (i.e. they
have no similarities in terms of waveform shape or characteristics to any
other waveform in the database),
iii. either all of the repeating earthquakes had already been detected using
REDPy, or that deconvolved data is not suitable for the detection of
repeating events. Further investigation is required to see whether template
matching can identify any more events within the deconvolved data.
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Figure 5. Record number 24006 processed using decon, filtering and scaling
(V), and filter and scale on the H1 and H2 channels. In addition, random
noise attenuation was applied, using the Shearlet transform as described by
Hauser and Steidl, 2014.
Figure 2. Deconvolution test. This record shows the effect of a spiking
deconvolution of a raw record acquired during a perforation shot. The
peroration shot is viable on the wiggle trace display after deconvolution.
The spectrum of the record has been flattened, with frequencies up to
65 hz. Recovered.

Vertical channel processing
i. Deconvolution, Weiner spiking, 80 ms operator, 1 percent prewhitining
ii. Scaling, mean amplitude trace balancing
iii. Filtering, 8-12-65-75 bandpass
Horizontal channel processing:
i. Scaling, mean amplitude trace balancing
ii. Filtering, 15 Hz high cut, no low cut applied
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