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* Quantify Sources at Local and Regional Distances

* Improve Understanding of Seismo-Acoustic Propagation
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Seismo-Acoustic Research Arrays (SARAS)
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Integrated Array Design is Essential for Seismo-Acoustic Processing and Data Quality
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System Monitoring Tools

« Data assessment monitoring
« Data gaps, noise characteristics, infrasound
polarity, seismometer orientation, and
calibration

» Real-time station status of health monitoring

« Data telemetry and archive monitoring

J Seismol
https://doi.org/10.1007/s10950-023-10164-6

RESEARCH

Data quality control tools used to monitor seismoacoustic
research arrays in South Korea

Junghyun Park'® «+ Chris Hayward -
Byung-Il Kim - Brian Stump - II-Young Che -
Stephen Arrowsmith - Kwangsu Kim

Integrated Monitoring Tools Support High Data Recovery

J. Park, B. Stump, C. Hayward, I.-Y. Che, S. Arrowsmith
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Regional Seismic Monitoring of 6 DPRK UNEs

Depth & Yield Estimates (Park et al., BSSA 2022)
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Regional Infrasound Monitoring of 6 DPRK UNEs ™

Infrasound Observations vs. Ray Tracing Simulations Infrasound Signals from the 2017 DPRK UNE
Park et al. (GJI 2023) Che et al. (GJI 2022)
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Used Adaptive- F Detector (Arrowsmlth et al 2009)
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Research Highlights
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Tool Developments (1)

Explosions and Earthquakes within the Korean Peninsula
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Probabilistic Global
Search (PGS)
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Seismic Arrival +
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2020)
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Tool Developments (2)
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Infrasound Finite-Difference Time-
| Domain Propagation Modeling of
« \» Infrasound Signals from 2017

N DPRK UNE
SICIeHRMIIEN (10ard ot al., ES-SSA 2023 Annual Meeting)

KSGAR Original G2S

\

Height (km)

0 50 100 150 200 250 300

2 )
KSGAR Modified G2S g ,| Observation Is Iy
_ |
5 E _g - ! ! ! ! !
- : 5 | Synthetic
3 Ray tracing s’ Is l,
I 20 A
0 50 100 150 200 250 300 -2 ! ‘ ! ! !
= 800 900 1000 1100 1200 1300
Distance (M) Celerity (m/s)

Developed Broadband Full Wave Modeling Tools SMU KIGAm
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Ongoing and Future Efforts

« We are continuing to build the infrasound catalog using additional array
data and are developing seismo-acoustic and Al/ML-based catalogs.

02.2-250

Sapphire sensoron a drone
during an experiment

« High-frequency array research at local to regional distances. 4

« We introduce the Sapphire Mini sensors developed by SMU, a small,
low-power infrasound recorder designed for the campaigns.

Thank You!

Contact:
Junghyun Park
junghyunp@smu.edu

SMU KIGAm
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Seismo-Acoustic Completed Tasks and Lessons

02.2-250

e Seismo-acoustic array data characterizes diverse sources.
« Automated data QC tools improve regional multi-array monitoring.

* A network of seismo-acoustic arrays provides seismic, infrasound, and
seismo-acoustic bulletins.

« Time-varying atmospheric effects are critical to source detection, location,
and interpretation at regional scales.

« Detection, location, discrimination, and propagation modeling tools are
being developed.

 Infrasound contributes to event discrimination and hazard mitigation.

SMU KIGAm
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* Data assessment monitoring
e Real-time station status of

* Data telemetry and archive

Utilizing System Monitoring Tools

health (SOH) monitoring

monitoring

Instrument-generated signal detection
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Regional Seismic Monitoring of 6 NK Underground
Nuclear Explosions (UNEs)

130

Vertical seismograms at KSGAR
0
e
UNEQ6 Max=22 um/s

Pt e UNEO9 Max=43 um/s
200/ . — UNE13 Max=50 um/s |
. UNEJ16 Max=48 um/s

400+ ‘
2 T
g UNES16 max=49 um/s
~ 600 {
2 |
Q
3 l
Y 800~ | ‘; . )
> b n M{h‘f \’r Vﬁ\ jﬁ#\ 'Ai‘lﬁm’ })\ﬂ ]’hw'/\‘w ]N"lyr "ﬁf‘v\f"\, /"\,’ilfﬂ‘\R‘JJW.}.“N’V\.“‘\/J “,“l'.'" WA AW WA\ WY
i ! I |‘ ' UNE17 Max =304 um/s
1000 - |
0 1 2 3 4 5
Park et al. (BSSA, 2022) Time from the origin time (minutes)

. Data is open to the public
Same Path and Receiver Stump et al. (SRL Data Mine, 2022)



Seismic Source Model

! Mueller-Murphy (1971),
e T Denny and Johnson (1991),
—————————————————————————— :S'; Source and Walter and Ford (2018)
G: Propagation path models for interpretation
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Regional Infrasound Monitoring of September
2017 NK UNE
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Infrasound amplitude (Log(An))

Enhanced Source Identification
Infrasound can be used to improve event discrimination
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Natural Hazard Study

Infrasound can be used for
flash flood early alert
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Water level at P-bridge vs. Infrasound energy at CHNAR
from water discharges at a hydroelectric dam in N Korea

Che et al. (GRL 2023)
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