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Introduction Main Results Methods

Deep learning (DL) phase pickers have emerged as efficient and Linear coda-magnitude scales to estimate M,, for new events We measure coda-duration fcogq Of each event by estimating the time between the

P-wave arrival and the return ot average logarithmic amplitude level to pre-event

valuable tools for automated seismic phase picking. Recalled events
The impacts of DL enhanced phase detection on induced C New cvente noise levels defined as the root mean square trace of a 150-sample window before

. . . . . _ Clipped events .
mlCI'OSCISI’IllClty (MW < 2) 1S unexplored. o Corrected clipped events the P-wave <Flg 2)

We 1nvestigate the magnitude range of the new event detections of a @ 0.02

DL phase picker, PhaseNet (Zhu and Beroza, 2019), on a borehole
seismic dataset.

We apply PhaseNet to a subset of the PNR-1z dataset, a high frequency
(2000 Hz) borehole seismic dataset from an unconventional shale gas
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Waveform clipping: Visual checks of the PNR-1z waveforms indicate Figure 3: Linear regression of the measured coda duration and M,, of the
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that events with M,,, > -0.2 are affected by waveform clipping at around recalled events (blue circles) and the other coda-magnitude scales from h2 44 46 48 s 4 56 58 6 62

* 39V (g 1). Havskov and Ottenmoller (2010) and Rodriguez-Pradilla and Eaton (2019). Figure 2: (Top panel) An event on the E-component with the P (red) and S (green) arrival
Figure 1: A clipped event CIipped events (red crc?sses) are 1n their (?riginal M‘./V units while new (yellow picks from Ph‘aseNet. (Bottogl panel) The log of the trace through tim.e.
 waveform from PNR-1~ circles) and corrected clipped events (red circles) are in M. *  We fit a linear relationship log1¢ (tcoqq) = 0.611 M,, — 0.0437 with a standard
Clipping M, 1.1) | PhaseNet detects new small events deviation (* 0.36 M) between the measured t.,qq4 and the moment magnitudes

of the recalled events (Fig. 3). Based on our fit, we then estimate the coda-duration
clipped at £ 39 V. | e Recallod ovente magnitudes M ; using (Havskov and Ottemoller, 2010):

1 New events Md = a 10g10 (tcoda) + br +c¢

4.0 4.5 5.0 5.5 6.0 6.5 7.0 . . . .
B e et | where ;pqq 18 the measured coda duration in seconds, r is the hypocentral
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distance in kilometres (for this initial pass, we set b = 0 since coda durations are

Borehole resonance frequencies: Holmgren et al. (2021) showed that
almost unatfected by epicentral distance for distances < 100 km, Aki and Chouet,

borehole geophones are also susceptible to high-frequency resonance
issues, which can affect the estimation of source parameters (corner 1975) and a, b and c are constants from our fitted coda-magnitude scale.
frequency, f, and the low-frequency plateau, €2,).

To overcome these challenges in estimating surface moment magnitudes | — :

for the new events, we estimate coda duration magnitudes, My as a proxy Conclusions and future research

for surface moment magnitudes, M,,, for the new events (Rodriguez-

Pradilla and Eaton, 2019). = = e _ e
Moment magnitude, Mw

Figure 4: The magnitude distribution of the recalled events (blue), new events

PreStO N N eW ROad (P N R_ 1 Z) d ata (yeﬂow) and all events detected by PhaseNet (green). degsely sampled magm'tucIe dIstributions and a lower rpagm’tude of completeness,

—2000 R which could affect the estimation of the Gutenberg-Richter b-value.
.t More events allow us to estimate b-value more accurately and improve identification

Here, we use coda-duration magnitudes as proxy for M,, when waveforms are

affected by amplitude clipping and borehole resonance frequencies.
We tind that PhaseNet detects more lower magnitude events, leading to more

PhaseNet detected over 52,000 events in the PNR-1z dataset, surpassing —~—21001

the 38,452 events (Clarke et al.,, 2018) detected by the Coalescence

Microseismic Mapping (CMM) method (Drew et al., 2013).
The worktlow to produce our event catalog from DL phase picks is:

[Event phase\ g Phase \( A 220k

of event clusters.
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S Future research: upscale estimation of Mg and evaluate b-values across the
—2300; g complete PNR-1z downhole catalog;
. This could enhance seismic hazard assessments and offer opportunities to
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investigate the spatio-temporal evolution of induced seismicity in higher resolution.
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PhaseN i assoclation . Magnitud . . ..
WENCipmly  STOUPING gy (fixed 0.3 s ) NonLinLoc, gy o Figure 5: (Lett) Locations of the events from the inittal CMM catalog (purple

picks (fixed 0.2 s estimation

window) win do\;v) Lomax, 2000) circles), and NonLinloc locations of recalled (blue) and (Right) new (yellow) Refe rences

N\ AN / events scaled by M,,, . The PNR-1z well (dark green line), observation well
We select a subset of the PNR-1z dataset (11 December 2018, 9am-

10am), with 986 surface moment magnitudes, M,,, ranging from -1.5 to , ,
1.1 (Baptie et al., 2020; Kettlety et al., 2021). The active stage (Stage 38) 1s plotted as a yellow square.

Here, PhaseNet detected 364 additional events (+39%) and recalled 92% m British
of the PNR-1z events (1,265 events total). We also detected 20 (1.5%) Geological
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