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Welcome and introduction

It is a great pleasure to welcome you to the seventh CTBT: Science and Technology 2023 con-
ference.

I invite scientists, industry leaders and policymakers from around the world to share their
knowledge of and recent advances in monitoring and verification technologies relevant to the
Comprehensive Nuclear-Test-Ban Treaty (CTBT). My hope is that this conference will generate
new ideas and kick-start emerging technologies to help us all to support global peace and
security, now and in the future.

The last conference, held in 2021, took place under the restrictions imposed on us all by the
COVID-19 pandemic. Despite the restrictions, SnT2021, which was largely conducted online,
attracted a record 1600 participants. This year, wewill retain online participation to boost inclu-
sivity: the e-poster format, for example, allows authors who cannot travel to Vienna to present
online. This has increased the number of presentations by more than 40%this year.

I encourage you all to get involved and check out the SnT2023 Event Platform which you can
access either as an app on your cell phone or via the website. The platform will allow everyone
to see the latest programme updates, to connect with fellow attendees, to join live events online,
and to ask questions during sessions. In addition to oral presentations, panel discussions and
e-posters, there is a wide range of exhibits and displays to stimulate the creation of ideas and
promote interaction.

The CTBTO’s verification regime is a remarkable union of ingenuity, engineering and interna-
tional cooperation that has met and exceeded the verification requirements of the Treaty. It is
also a treasure trove of data for civil and scientific applications. I believe we are only scratching
the surface of its potential.

I wish you all an enjoyable and stimulating conference in support of this great global good: the
CTBT verification regime and its many applications. With your expertise and cooperation we
can ensure that this system reaches its full potential and ensures benefits for all.

Robert Floyd
Executive Secretary
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I2.1-754 –Global SeismoacousticObservations of theRemarkableAtmospheric
Waves from the January 2022 Hunga Tonga-Hunga Ha’apai Volcanic Eruption

Author: David Fee1

Co-authors: Robin Samuel Matoza2; Jelle Assink3; Alexandra Iezzi4; David Green5; Keehoon Kim6; Liam Toney1;
Pierrick Mialle7; Alexis Le Pichon8

1University of Alaska Fairbanks
2University of California, Santa Barbara
3Royal Netherlands Meteorological Institute (KNMI)
4U.S. Geological Survey (USGS)
5Atomic Weapons Establishment (AWE) Blacknest
6Lawrence Livermore National Laboratory (LLNL)
7CTBTO Preparatory Commission
8Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

The 15 January 2022 volcanic eruption of Hunga, Tonga produced atmospheric waves that aston-
ished both scientists and the general public. These waves were observed globally by a multitude of
instruments and technologies and were nearly ubiquitous across the IMS infrasound network. The
most notable atmospheric wave was the Lamb-wave, which is an acoustic-gravity wave that is as-
sociated with extremely large atmospheric explosions. The Lamb wave was detected on barometers,
infrasound sensors, seismometers, and satellites. This Lamb wave propagated around the globe nu-
merous times and contributed to fast-arriving, hazardous tsunamis that were not forecasted. The
Hunga Lamb wave resembled the Lamb wave produced by the 1883 Krakatau eruption, but it was
observed by a much denser instrument network. Notably, infrasound waves also propagated around
the globe numerous times, and audible acoustic waves were heard out to an unprecedented 9000 km.
Current wave propagation models do not sufficiently explain these observations. Here we present
some notable observations of the atmospheric waves from the Hunga eruption. We focus on the
Lamb, infrasound, and acoustic waves, including those on the IMS and dense geophysical network
in Alaska. The atmospheric waves from this eruption provide a landmark dataset for scientists to
study for many years.

I2.3-046 – Final results of the 1st Nuclear Explosion Signal Screening Open
Inter-Comparison Exercise 2021

Author: Christian Maurer1

Co-authors: Anne Tipka2; Boxue Liu2; Delia Arnold Arias3; Jerome Brioude4; Jolanta Kusmierczyk-Michulec2;
Martin B. Kalinowski2; Robin Schoemaker2; Yuichi Kijima2

1Central Institute for Meteorology and Geodynamics (ZAMG)
2CTBTO Preparatory Commission
3GeoSphere Austria
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4Laboratoire de l’Atmosphere et des Cyclones (LACy)

The 1st Nuclear Explosion Signal Screening Open Inter-Comparison Exercise 2021 was conducted
from the end of 2021 to the end of 2022. The exercise evaluated different screening methods and
procedures to identify radioxenon detections not consistent with the radioxenon background from
civil nuclear facilities. It was based on a subset of a radioxenon test data set produced for the whole
year of 2014 with hypothetical nuclear underground and underwater explosion signals added to IMS
observations.

The exercise considered three levels of participation requiring different levels of expertise: 1) Level 1
(basic, ATM expertise only), for which participants provided simulated radioxenon background time
series at the 23 IMS stations defined in the test data set to be used as input for screening based on a
set of predefined metrics covering detection, screening, and timing powers; 2) Level 2 (ATM and/or
radionuclide expertise), for which, in addition to Level 1, participants provided their own screening
methods and results for detection, screening, and timing powers; and 3) Level 3 (higher-level ATM
and statistical expertise), for which, in addition to Level 2, results were provided for location and
magnitude estimates for a few selected test cases.

Final results of the exercise will be shown.

I2.3-667 – Radioxenon monitoring as crucial part of the CTBTO verification
regime: overview, status and challenges

Authors: Zeinabou Mindaoudou Souley1; Jonathan Bare1; Martin B. Kalinowski1

1CTBTO Preparatory Commission

The CTBTO operates a worldwide network based on four complementary verification methods to
detect any sign of a nuclear explosion conducted anywhere – underground, underwater or in the
atmosphere. The radionuclide technology is the only one that can confirm whether an event is
indicative of a potential nuclear test.

The four CTBT-relevant radioxenon isotopes are fission products. They are measured by stations
equipped with noble gas capabilities and play a crucial role when determining whether an event is
of CTBT-relevance. Specific measurement systems have been designed in the past decades to match
the needs of the network using state-of-the-art technologies. In parallel, tailored analysis methods
have been developed and implemented by the International Data Centre to make radioxenon mea-
surement data more and more relevant for CTBT-purposes.

This is a complex task, as a highly variable radioxenon background produced by civil nuclear facilities
is likely to interfere with the potential signal of a nuclear explosion, making the identification of
CTBT-specific events a challenging task.

This work intends to provide an overview of 15 years radioxenon monitoring by the CTBTO. Cur-
rent challenges are also presented, together with the potential of further advancing knowledge and
understanding of the radioxenon background.

I2.7-919 – Empowering the youth as torch bearers for science and security

Author: Adelakun Abel Ayoko1

1Eminent Persons Group

Focus on CYG as a tool for sustaining global action / interest on CTBT
26 years after its opening for signature in September 1996, the CTBT has garnered 186 signatures
from countries in all parts of the world, 176 of whom have now ratified, making it one of the most
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widely accepted Treaties in theworld today. TheTreaty has thus not only demonstrated acceptability,
it is with its efficient verification regime, also contributing significantly to international peace and
security given its ability to detect nuclear weapon explosions, as well as the civil and scientific uses
of its data. The Treaty is thus already successful and should be sustained till it enters into force.
Against the possibility of wariness or lethargy, the international community with a shared vision
must continue to mobilise action, share ideas, and create innovative solutions that allow the CTBT
to operate and achieve its objectives. An important instrument in this regard, are the Youths. The
CTBTOYouth Group (CYG) remains a veritable platform that can continue to act as voices and agents
of the Treaty across the world in their various countries, and as CYG members attain higher roles
in their professional endeavours, the CYG of today would become the global leaders of tomorrow.
At the same time, at the security, peace, and science nexus of the CTBT, CYGs could play a role in
pursuing research in areas of scientific and technical relevance to the Treaty, thus contributing to
its technical sustainment into the future. In this regard, the proposed presentation would briefly
highlight the evolution of the Treaty – consider the ageing crop of officials initially seized with it
and the need for strategically empowering committed young people in all areas of the CTBT/O, the
presentation will also seek to identify creative means (thinking outside the box) for youths as torch
bearers for the Treaty to sustain action even beyond entry into force.

I2.8-912 – International measurement equivalence – a fundamental backbone
for IMS

Author: Takashi Usuda1

1National Institute of Advanced Industrial Science and Technology (AIST)

Since 1875, the Metre Convention has established the principles for all nations to act in common
accord in matters relating to units of measurement. In 1960 the system became known as the Inter-
national System of Units (abbreviated SI from the French “Système International d’Unités”). Today,
the SI is the widely accepted basis for the international mutual recognition of measurement results
and provides confidence in measurement data traceable to this system.
This seemingly simple system of mutual recognition of measurement data across international bor-
ders and trading economies is based on the “CIPM-MRA”, an international recognition arrangement
under the CIPM, which came into force in 1999. Its implementation involves national metrology
institutes and regional metrology organisations in a permanent infrastructure that ensures the in-
ternational equivalence of measurements.

In the establishment and operation of such a complex network as the IMS, the CTBTO can realise
significant benefits by linking to the SI and the associated metrology processes and rules that un-
derpin this system. Recognising the potential benefits of linking to the SI, the CTBTO contacted the
CIPM in 2017 and initiated a formal liaison in 2021.

This talk will present a history of the unification of the metric system under the Metre Convention,
the development of a global network to enable CIPM-MRA, and some common technical highlights
related to CIPM and CTBTO.

I4.1-880 – Standardization, conformity assessment and certification

Authors: Irene Kitsara1; Ravi Subramaniam1

1Institute of Electrical and Electronic Engineers (IEEE)

The need for common understanding and adoption of good practices and measurable ways to en-
sure safety and security in the development and deployment of different technologies are some of
the “Raisons d’être” of standardization and certification. This presentation aims to create aware-
ness about standardization, some areas of relevance for the CTBT, while encouraging dialogue with
regards to standardization and certification gaps and needs.
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I4.2-897 – Cascading Multi-Segment Faults Triggered by Supershear Rupture
During the 2023 SE Türkiye Earthquake Doublet: A Giant Jigsaw Puzzle Mobi-
lized

Author: Tuncay Taymaz1

1Istanbul Technical University

A devastating earthquake doublet occurred on 6 February 2023 with moment magnitudes of Mw 7.9
and Mw 7.7 along the East Anatolian Fault (EAF) and Sürgü-Çardak Fault (SCF), respectively. The
2023 earthquake sequence resulted in catastrophic human life and economic loss, and caused major
impacts to infrastructure throughout south-east Türkiye and north-west Syria. The kinematics of
ruptures for the doublet was complex involving multi-scale cascading rupture growth across the hy-
brid fault segments. We find that the first earthquake (Mw 7.9) nucleated on a previously unmapped
fault, Nurdağı-Pazarcık segment, before transitioning to the EAF leading to supershear bilateral rup-
tures on the initial branch, Pazarcık and Erkenek segments and subshear rupture on the Amanos
segment. The dynamic stress of the leading branch rupture impulsively triggered the EAF segments
accelerating the following bilateral supershear rupture of the second earthquake (Mw 7.7) along the
curved fragments of the SCF with dominant westward rupture directivity, and stopping instantly at
geometric barriers at both ends of the fault. Hence, the geometry and pre-stress level of multiple
segments heightened the diverse rupture characteristics of the 2023 south-east Türkiye earthquake
doublet, contributing to the strong ground shaking and associated devastation and amplified the
ground shaking intensity.

I4.3-895 – The experience of GeoSphere Austria in multidisciplinary partner-
ships: The Aristotle-eENHSP

Author: María del Puy Papí Isaba1

Co-authors: Rocio Baro1; Delia Arnold Arias1; Gerhard Wotawa1

1GeoSphere Austria

ARISTOTLE-eENHSP (All Risk Integrated Trans-boundary Early-warning - enhanced European Nat-
ural Hazard Scientific Partnership) is a project financed by the European Civil Protection andHuman-
itarian Aid Operation (EC DG-ECHO) delivering real-time multi-hazard expert advice on worldwide
natural disasters to the European Emergency Response Coordination Centre (ERCC).
ARISTOTLE-eENHSP was designed to offer a flexible and scalable system that can provide new
hazard-related services. It is envisaged as a long-term operational, research, and cooperation plan
building onto the proven expertise and multi-disciplinary partnership of world-leading scientific
centres in Earth and Climate sciences.
Twenty-four national and international organisations are responsible for ARISTOTLE’s three pri-
mary services that address ERCC specific needs for situations and target regions: Emergency Re-
sponse, Routine Monitoring, and Scientific Technical Assistance Facility.
GeoSphere Austria, project co-coordinator, is involved in all ARISTOTLE services. It is one of the
two project coordinators from the Service Management Team and a key partner in the Strategic Co-
ordination Team. Furthermore, it provides real-time services between the ERCC and partners when
scientific advice is required before, during or after natural catastrophes, and providing scientific ad-
vice about earthquake and weather hazards. GeoSphere Austria is also task leader for the training
provided to the ERCC and the service quality control.

I4.4-901 – Examples of U.S. Transparency and Verification Supporting Nuclear
Nonproliferation

Author: Corey Hinderstein1

1National Nuclear Security Administration
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The United States supports the Comprehensive Nuclear-Test-Ban Treaty (CTBT) and is committed to
work to achieve its entry into force, recognizing the significant challenges that lie ahead in reaching
this goal. Consistentwith the goals of the CTBT, the United States continues to observe amoratorium
on nuclear explosive testing and calls on all states possessing nuclear weapons to declare or maintain
such a moratorium. The United States has no plans to conduct a nuclear explosive test.

This invited talk will provide examples of transparency related to activities at U.S. nuclear security
enterprise sites such as the Nevada National Security Site (NNSS) and the national laboratories. The
United States shares significant information about its plans and operations and is open with the
international community about Stockpile Stewardship activities such as subcritical experiments and
the recent fusion breakthrough as well as nonproliferation-related field experiments at NNSS.

Examples of U.S. support for the CTBT will also be discussed, including the recent acceptance of the
next generation Xenon International noble gas analysis system for use in the International Monitor-
ing System (IMS), IMS component testing, U.S. funding for the maintenance, operation, and improve-
ment of its IMS stations, and extensive support for the International Data Centre Re engineering
project.

Page 5



Theme 1. The Earth as a complex
system

O1.1 The atmosphere and its dynamic

O1.1-024 – Remote Detecting and Analysis of Infrasonic Signal of the Massive
2015 Tianjin Explosion event.

Author: Hu Hu Chen1

1Xi’an Eurasia University

A massive explosion in Tianjin occurred at a container port on August 12, 2015. The explosion
produced a strong infrasound of extremely high signal to noise ratio registered by domestic infra-
sonic stations several kilometers away. Different from the ordinary explosion infrasound, Tianjin
explosion infrasonic signals appear as six consecutive groups of clear first arrival. This reveals the
complexity of the infrasound signal propagation path. Detection algorithms based on slowness es-
timation and association algorithms based on signal envelope are presented following a ray trace
processing to discuss the strange signal arrivals that were earlier than normal. The results of signal
processing show that the four algorithms are effective. The infrasonic signals of the event have a
certain amplitudes and SnR 3500 kilometers away in downwind direction but cannot be observed
clearly several hundred kilometers away in upwind direction. Signal characters of more than six
sequential signal groups at I34MN, HTI and HMI infrasonic stations are particular compared to the
presented explosive infrasonic signals and cannot be explained by ray tracing. Atmospheric profile
data from NASA are used showing the complexity of modeling of infrasound propagation. The yield
of the explosion is estimated in the end that is equivalent to 400-600 tonnes of TNT.

O1.1-077 – Long Term IMS Infrasound Measurements as a Passive Probe for
Climate Change

Author: Läslo Evers1

1Royal Netherlands Meteorological Institute (KNMI)

The atmosphere is changing on a wide variety of timescales. The infrasound component of the In-
ternational Monitoring System (IMS ) can sense such changes, each second over periods of tens of
years. Such long term measurements of atmospheric variability enable the study of climate change.
Infrasonic waves passively probe the entire atmosphere. The challenge is to unravel temperature
variability (long term increases and decreases) from surface based recordings. As a reference, seis-
mic signals are used which remain unchanged as a function of time. A so-called seismoacoustic
analysis uses both seismic and infrasonic signals, where changes in the recordings can be attributed
to changes in the medium. The latter being temperature changes in the troposphere and strato-
sphere.
To illustrate the contribution of the IMS to climate studies, over 15 years of IMS seismic and infra-
sonic recordings will be shown. The seismoacoustic analysis performed with the recordings reveals
long term changes in atmospheric temperature. Simultaneously a temperature increase in the tro-
posphere and decrease in the stratosphere can be passively sensed.
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O1.1-205 – Infrasound Observations at the Station PVCI in 2019-2022 and Iden-
tification of the Sources

Author: Tereza Sindelarova1

Co-authors: Csenge Czanik2; Istvan Bondar2; Jiří Baše1; Kateřina Podolská1; Marcell Pásztor3; Michal Kozubek1

1The Czech Academy of Sciences, Institute of Atmospheric Physics
2Research Centre for Astronomy and Earth Sciences (ELKH)
3ELTE Eötvös Loránd University, Institute of Geography and Earth Sciences

Infrasound station PVCI (50.53°N 14.57°E) from the Czech microbarograph network, C9 (https:
//doi.org/10.7914/SN/C9) is integrated in the Central and Eastern European Infrasound Net-
work (CEEIN, www.ceein.eu). A correct evaluation of detections on the station level is essential for
network data processing and localization and identification of events. To improve the knowledge of
the infrasound environment of the station we performed a study focused on identification of poten-
tial infrasound sources observed at PVCI and on seasonality of the detections.
North-west arrivals prevail in all seasons of the year. Near 0.2 Hz the north-west arrivals are dom-
inated by microbaroms from the North Atlantic, source at 1 Hz and higher can be large offshore
wind farms in the North Sea. In summer, signals of long duration and low amplitudes from the
south-east are regularly observed. Potential sources of these signals are oil refineries Bratislava
(Slovakia), Schwechat (Austria), and Százhalombatta (Hungary). PVCI regularly registers North Sea
sonic booms in winter and sonic booms arriving from the Aegean Sea in summer. Local sources, up
to the distance of 50 km include mainly mining activities.

O1.1-442 – Relation Between Infrasound and Rainfall

Author: Andry Harifidy Ramanantsoa1

Co-authors: Fanomezana Randrianarinosy1; Gerard Rambolamanana2; Jean Bernardo Andrianaivoarisoa1; Sandra
Razafimamonjy1; Tahina Rakotoarisoa1

1Institute and Observatory of Geophysics of Antananarivo (IOGA)
2CTBTO Preparatory Commission

A thunderstorm is a well-known and permanent source of infrasound events. Infrasound signal
propagation is known as well to be dictated by atmospheric parameters like temperature and wind.
In a tropical region like Madagascar, rainfall pattern is one possible technique used to explain sea-
sonal variation of International Monitoring System infrasound network detectability. In this study,
20 years of I33MG infrasonic station bulletin was correlated to rainfall data. Infrasound bulletin
is obtained from DTKPMCC software in NIAB collection, atmospheric variations are derived from
ECMWF ERA5 data and precipitation data are from the local meteorological service of Madagascar.
Observation of rainfall as well as infrasound bulletin from 2003 to 2022 shows a correlation between
precipitation and infrasound events.

O1.1-849 – Design of an Atmospheric Radiotracer Experiment to Improve Lo-
cal Scale Transport Modeling

Authors: Carolyn Seifert1; Christine Johnson1; James Ely1; Khiloni Shah2; Lynn Wood1; Martin Keillor1; Michael
Foxe1; Miles Bodmer3; Rob Newsom1; Sean Stave1; Sonia Wharton4

Co-authors: Akshay Gowardhan4; Clayton Hudson2; Derek Haas2; Elizabeth Dzenitis4; Ethan Alger4; Gordon
MacLeod5; Michael Brown5; Michael Moore1; Walter Schalk6

1Pacific Northwest National Laboratory (PNNL)
2The University of Texas at Austin
3Sandia National Laboratories (SNL)
4Lawrence Livermore National Laboratory (LLNL)
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5Los Alamos National Laboratory (LANL)
6National Oceanic and Atmospheric Administration (NOAA)

Understanding the impacts of near-field air flow on the long range transport of radionuclides in the
atmosphere after a release from an underground nuclear explosion requires improved modeling at
the local scale. In this work, we present the design of a radiotracer experiment in a complex terrain
environment in support of modeling improvements. A remotely controlled release of Xe-127 gas,
produced from neutron irradiation of isotopically enriched Xe-126, provides a radiotracer plume
that can be detected by an array of real time NaI(Tl) sensors out to 5 km from the release point.
Whole air sampler systems collect gas for later laboratory analysis. A simultaneous smoke release
permits tracking of the plume using scanning lidar instruments. An array of meteorological towers
provides high resolution wind field data to feed forward and backtracking atmospheric transport
models. We will present the design of the experiment and the major elements thereof, including
tracer sources, sensors, and samplers.

P1.1 The atmosphere and its dynamic

P1.1-158 – Simulation of the Atmospheric Transport of Beryllium-7 with an
Earth SystemModel and Comparison to the Comprehensive Nuclear-Test-Ban
Treaty Organization Radionuclide Monitoring Network Data

Author: Konstantin Schaar1

Co-authors: Tobias Spiegl1; Ulrike Langematz1

1FU Berlin

We model the atmospheric transport of cosmogenic Beryllium-7 within the time period 1950-2100,
to shed light on the complex interplay of atmospheric dynamics, changing atmospheric background
conditions, deposition mechanisms and solar activity. Due to the short half-life of Beryllium-7
(around 53 days), the ground level concentration of this cosmogenic isotope is particularly suit-
able to be used as a proxy for vertical atmospheric transport, e.g. the Beryllium-7 transport in the
tropospheric Hadley-Ferrel convergence zone has been suggested to be useful for the forecast of
large weather phenomena, such as a monsoon (Terzi et al., 2019). Our modelling approach with
the chemistry-climate model (CCM) EMAC (ECHAM/MESSy Atmospheric Chemistry) incorporates
the production of Beryllium-7 from galactic cosmic rays (GCR), full three-dimensional atmospheric
dynamics from the mesosphere down to the Earth’s surface, as well as different deposition mech-
anisms such as dry deposition, wet deposition and sedimentation. The results of our simulations
will be compared to data on the ground level concentration of Beryllium-7 from the Comprehensive
Nuclear-Test-Ban Treaty Organization radionuclide monitoring network to evaluate our simulations
for different latitudes and longitudes and give deeper insight into the atmospheric dynamics preced-
ing the data signals near the ground.

P1.1-180 –MultiscaleModeling of Atmospheric Transport andDispersion over
Mountainous Terrain for METEX21

Author: David Wiersema1

Co-authors: Katherine Lundquist1; Lee Glascoe1; Sonia Wharton1

1Lawrence Livermore National Laboratory (LLNL)

Simulations of atmospheric transport and dispersion have been demonstrated to benefit from a mul-
tiscale modeling approach that resolves both mesoscale meteorology, such as frontal passages, and
microscale meteorology near the plume source, which can be heavily influenced by complex (i.e.
mountainous) terrain. The atmospheric modeling community has yet to settle on recommended best
practices when configuringmultiscale models, because of the inherent need for a comprehensive and
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varied suite of observations associated with accompanying modeling studies. The recent METEX21
observational field campaign included the controlled generation and monitoring of plumes in a re-
gion of complex terrain, including spatiotemporally dense observations of meteorology within the
atmospheric boundary layer. Analysis of multiscale simulations of transport and dispersion during
METEX21 are an important step towards developing best practices for future multiscale modeling
studies, evaluating recent model developments, and improving the accuracy of transport and disper-
sion simulations over complex terrain.

P1.1-244 – Flights and Pandemic Influence Chilean Infrasound stations I13CL
and I14CL

Author: Christopher Celis Huaiquilaf1

1Comisión Chilena de Energía Nuclear

There are two CTBT infrasound stations in Chilean territory, I13Cl and I14Cl, located respectively
on Easter Island and the Juan Fernandez Archipelago. During the COVID-19 pandemic, a health
alert was declared by the government to reduce the movement of people in Chile and thus avoid
the spread of the virus to the islands. Due to this, a reduction in the local noise levels detected in
these stations for this period can be perceived. One of the main causes of this difference is that there
was a significant reduction in airport activity, particularly on Easter Island. The island was closed
to tourism and therefore, entry was restricted. Supply flights were authorized for the delivery of
basic goods. The situation on Juan Fernandez Island was different, flights to the island were more
frequent compared to Easter Island, so for I14CL much more signals and noise are detected than at
I13CL. By obtaining some of the flight records from the airlines, it is possible to compare the dates
of these flights with the noise indices of the years before and during the pandemic and visualize the
difference of the impact of tourism to the data of this technology in both cases.

P1.1-405 – Monitoring Acoustic Gravity Waves Generated by the Atmospheric
Storm

Author: Elena Golikova1

Co-authors: Igor Chunchuzov1; Sergey Kulichkov1; Oleg Popov1; Vitaly Perepelkin1

1A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences

Observational data on atmospheric-pressure variations at the land surface have been obtained at the
network of four microbarographs located in the Moscow region and processed. The analysis of data
has made it possible to determine the characteristics (coherence, azimuths, and propagation veloci-
ties) of the basic arrivals of acoustic gravity waves from the atmospheric storms within a wavelength
range of a few to hundreds of kilometers. The tendency for an increase in the amplitudes of pressure
jumps before the atmospheric storms with increasing the amplitudes of pressure variations in the
wave precursors of the front arrival is clearly seen.

P1.1-489 – Correlation of Geomagnetic Storms with Infrasound Observation
Data from International Monitoring System Stations Located in South Ameri-
ca

Author: Arthur Macêdo1

Co-authors: Lucas Barros1; Elder Yokoyama1; Darlan Portela Fontenele1; Juraci Mario De Carvalho1

1University of Brasilia, Seismological Observatory

The Earth is continuously under the influence of solar radiation, which interacts with the Earth’s
magnetic field, causing various effects. One of them is the warming of the planet, keeping it in a
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suitable situation for the development and maintenance of life on Earth. Another is the bombard-
ment of the Earth by plasma from solar storms, where the magnetic field acts as a protective shield
that deflects this radiation. However, in the polar regions the penetration of the storms products
is responsible for the generation of aurora borealis, formed in the northern hemisphere, and aurora
australis, formed in the southern hemisphere, which can be recorded by infrasound stations of the
International Monitoring System (IMS) of nuclear tests. From this perspective, the South American
region stands out due to the presence of the South Atlantic Magnetic Anomaly, where the magnetic
field is less intense, making this region more susceptible to the effects of geomagnetic storms. In
this research, we study the relationship between geomagnetic storm observation data and infrasound
signals detected by the IMS stations located in South America.

P1.1-491 – Design of a real time Radiation Sensor Network for Atmospheric
Radiotracer Experiments

Author: Sean Stave1

Co-authors: Eric Becker1; Franco Santiago1; James Ely1; Mital Zalavadia1; Sean McGaughey1; Timothy Stewart1

1Pacific Northwest National Laboratory (PNNL)

A series of atmospheric transport experiments is being conducted to collect tracer data that will
allow the refinement of meteorological models in complex terrain at short distances. Radiotracers
were used to measure complex terrain flow features that influence diffusion and transport. Data
were collected using an array of 22 real time radiation sensors dispersed over a 5 km region. Each
sensor consists of a 5x10x40 cm NaI(Tl) crystal attached to a photomultiplier tube with pulse height
information collected by a digital tube base. The sensors are protected from the environment by a
case and mounted vertically on a tripod approximately one meter off the ground. Each sensor is co-
located with a separate environmental enclosure containing a data acquisition computer, a cellular
modem for communications, and a battery for power. The sensors are synchronized to UTC via a
time server and gamma ray spectra are collected for 20 seconds and then transmitted via cellular
network for cloud based storage. A real time display has also been written that it shows the total
counts and counts in a region of interest for each sensor. The system has been recently field tested
and preliminary results will be shown.

P1.1-502 – Demonstrating the Improvements in FLEXPART’s wet Deposition
Output After Accounting for Correct Precipitation rate Disaggregation and In-
terpolation of Cloud-Related Parameters

Author: Anne Tipka1

Co-author: Petra Seibert2

1CTBTO Preparatory Commission
2University of Vienna

Wet scavenging is a vital process in atmospheric transport modelling to determine the distribu-
tion of masses. Therefore, using precipitation fields from the European Centre for Medium-Range
Weather Forecast (ECMWF) data sets, which refer to a temporal integral rather than being a point
value in time, as all other parameters in the Lagrangian dispersion model FLEXPART, is distorting
the results by smoothing or shifting precipitation into dry periods. A new disaggregation scheme
preparing precipitation rates as point values has already been implemented in the pre-processor tool
flex_extractv7.1.2, which prepares ECMWF data for use in FLEXPART. Consistency, continuity and
mass conservation of precipitation within each time interval is now secured. In combination with
the newly added temporal interpolation of all scavenging-relatedmeteorological fields in FLEXPART,
the results show a substantial improvement in multiple case studies. The first case highlights the
effects with a high resolution output grid that demonstrates that artificial checkerboard and banded
structures present in the output from previous algorithms have disappeared. Further evaluations
show the improvement of wet deposition results by comparing against measurements and previous
case studies, such as the lifetime analysis of aerosol particles and the transport of mineral dust and
black carbon.
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P1.1-506 – On the Importance of highResolutionAtmospheric TransportMod-
elling in the case of Receptor Stations Being Close to the Source in Complex
Terrain

Author: Anne Tipka1

Co-authors: Jolanta Kusmierczyk-Michulec1; Robin Schoemaker1; Martin B. Kalinowski1

1CTBTO Preparatory Commission

Atmospheric transport modelling (ATM) tracks the movement of released substances into the atmo-
sphere. Dispersion of freshly emitted releases takes time to evolve, and the initial transport pathway
depends strongly on surrounding conditions, such as wind patterns. Global ATM with reasonable
coarse resolutions can usually reflect synoptic patterns, such as frontal systems. However, meteo-
rological scales are even more important when considering complex topography. They have their
own local wind patterns, superimposed on large scale winds. Small scale features like convective
vertical transport or transport by land-sea breezes are not fully resolved. Mountains are smoothed
on coarser grids and cause pathways to be distorted. Transport pathways of emissions from source
locations in complex terrain are, among other things, strongly influenced by such small scale fea-
tures. Therefore, global ATM simulations might not always be able to estimate sufficiently accurate
activity concentrations at International Monitoring System (IMS) stations in the proximity of these
source locations for confirming a radioisotope to be above or below the detection limit. This presen-
tation uses high resolution ATM to investigate the consistency between ATM simulations and IMS
measurements for such cases. Results will demonstrate the higher quality of high resolution ATM
and how the accuracy of transport pathways increases for higher resolution in meteorological input.

P1.1-541 – Effect of Gravity Wave Induced Small Scale Perturbations in the
Atmosphere on Infrasound Arrival Times at a High Altitude Floating Sensor
System

Author: Elizabeth Silber1

Co-authors: Daniel Bowman1; Siddharth Krishnamoorthy2

1Sandia National Laboratories (SNL)
2NASA Jet Propulsion Laboratory

In recent years, high altitude floating platforms with a microbarometer payload have been utilized
towards infrasound detection and source characterization. The stratospheric locale is presumed to be
less noisy, thus facilitating better signal detection compared to ground based sensors. High altitude
sensing platforms are also considered the future of space exploration for extraterrestrial worlds with
harsh atmospheres and lack of surfaces. A high altitude balloon carrying a sensor payload was
launched in the early morning on 10 July 2020, with the aim to capture infrasound generated by
a series of three controlled ground explosion experiments carried out in New Mexico, USA. All
three events were detected. During the first two events, the balloon was in the close proximity of
the explosion epicenter (<50 km), well within the acoustic zone. However, at the onset of airwave
arrival from the third event, the balloonwas at the edge of the acoustic shadow zone, where no signal
detection is predicted. Gravity wave induced small scale structures in the atmosphere are known
to have a notable influence on infrasound propagation. We discuss this effect in the context of high
altitude infrasound sensing and event characterization at regional distances. SNL is managed and
operated by NTESS under DOE NNSA contract DE-NA0003525.

P1.1-577 – FLEXPART-11: A new Release of the Widely-Used Lagrangian At-
mospheric Transport Model

Author: Lucie Bakels1

Co-authors: Andreas Plach1; Andreas Stohl1; Daria Tatsii1; Katharina Baier1; Marina Dütsch1; Martin Vojta1; Petra
Seibert1; Silvia Bucci1
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1University of Vienna

The Lagrangian atmospheric transport model FLEXPART is employed to investigate a broad spec-
trum of applications, including the transport of radioactive material emitted by nuclear events. Since
its inception in 1998, FLEXPART has undergone many changes, with its last official release (version
10.4) published in 2019. At the same time, numerous versions have been developed across institu-
tions to cater for specific needs. To make it easier to modify FLEXPART, while not having to diverge
from the main version and its updates, we introduce a more modular way of organizing the source
code. Instead of the distributed-memory parallelization with MPI used in version 10, now OpenMP
parallelization is applied where possible, resulting in a reasonable scaling behaviour. For example,
a run with a single noble gas release of one million computational particles scales almost perfectly
up to 32 cores. Accuracy is improved by advection of particles by the mean wind on the original
model levels, thus avoiding additional interpolations. This results in a reduction of absolute trans-
port conservation errors of potential vorticity in the stratosphere by ~0.3% each time-step. Finally,
a range of new user features have been added, e.g. printing selected particle properties to NetCDF
files.

P1.1-581 – Application of CCM SOCOL-AERv2-BE to Cosmogenic Beryllium
Isotopes: Description and Validation for Polar Regions

Author: Kseniia Golubenko1

Co-authors: Ari-Pekka Leppänen2; Eugene Rozanov3; Gennady Kovaltsov4; Ilya Usoskin1; Timofei Sukhodolov3

1University of Oulu, Finland
2Radiation and Nuclear Safety Authority - STUK
3Physikalisch-Meteorologisches Observatorium Davos and World Radiation Center
4Ioffe Physical–Technical Institute

Beryllium-10, as measured in polar ice cores with an annual resolution, is a proxy for long term
cosmic ray variability. Beryllium-10 concentration can not be used directly as a proxy for solar
behavior since the signal can be distorted by atmospheric transport and deposition processes. The
data on atmospheric Be-10 concentrations are rather scarce due to the laborious nature of Be-10 mea-
surements. Beryllium-7 is also a cosmogenic isotope with a half-life of 54 days and is commonly ob-
served in particulate airborne radioactivity monitoring. The transport of Be-7 can be modeled with
high accuracy using the known meteorological fields. This study used Chemistry-Climate model
Solar-Climate Ozone Links coupled with the second versions of the aerosol transport model and the
beryllium production model in atmosphere (CCM SOCOL-AERv2-Be) to model the formation, trans-
port and the removal of beryllium isotopes from the atmosphere. The model results were compared
with the measured concentrations observed in Finland, Canada, Chile and in Kerguelen Island in the
Indian Ocean from 2002 to 2008. The data for Kerguelen Island and Chile were downloaded from the
CTBTO vDEC database. The modelled and the measured concentrations were in good agreement in
all four locations proving the validity of the CCM SOCOL-AERv2-BE model.

P1.1-588 – Accounting for Meteorological Uncertainty in Atmospheric Trans-
port Models

Author: Susan Leadbetter1

Co-authors: Andrew Petts2; Daniel Chester3; Matthew Goodwin3; Paul Eslinger4; Ramesh Sarathi4

1Met Office
2EDF Energy
3Atomic Weapons Establishment (AWE) Aldermaston
4Pacific Northwest National Laboratory (PNNL)

Atmospheric transport models (ATMs) are used to model the transport of radionuclides both to de-
termine the origins of unknown releases and to model the background concentrations from known
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sources. To do this ATMs rely on meteorological information from four-dimensional numerical
weather prediction (NWP) models. However, the chaotic nature of the atmosphere means that the
meteorological information provided by these models is uncertain. Therefore, meteorological ex-
perts are increasingly running ensemble NWPs to produce probabilistic weather forecasts. A num-
ber of studies have been carried out coupling ensemble NWPs with ATMs but to date few centres
produce ensemble ATM output on an operational basis (i.e. on demand in response to incidents).
This work will present an approach to using ensemble NWP data using stack measurements and
observations from Qb sensors from the Xenon Environmental Monitoring at Hartlepool (XENAH)
collaboration to demonstrate both the benefits and challenges of coupling ensemble NWPs with
ATMs in an operational setting.

P1.1-672 –Unveiling Infrasound Signatures ofMediterraneanHurricanes

Author: Constantino Listowski1

Co-authors: Alexis Le Pichon1; Chantal Claud2; Edouard Forestier3; Julien Vergoz1; Marine De Carlo4; Philippe
Heinrich1; Stavros Dafis5; Thomas Farges1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2LMD/IPSL, CNRS UMR 8539, École Polytechnique, Université Paris Saclay
3ENSTA Paris - École Nationale Supérieure de Techniques Avancées
4Institut Français de Recherche pour l’Exploitation de la Mer (IFREMER)
5National Observatory of Athens, Institute for Environmental Research and Sustainable Development

Infrasound technology has been employed to investigate acoustic signatures of severeweather events
in the past and this study aims at characterizing, for the first time, the infrasound detections that
can be related to Mediterranean hurricanes (Medicanes). These mesocyclones pose a serious threat
to coastal infrastructures and lives because of their strong winds and intense rainfalls. This work
contributes to infrasound source discrimination efforts in the context of the Comprehensive Nuclear-
Test-Ban Treaty. We use data from the infrasound station IS48 of the International Monitoring Sys-
tem, in Tunisia, to investigate infrasound signatures of medicanes using a multichannel correlation
algorithm. We corroborate the detections by considering satellite observations, a surface lightning
detection network, and products mapping the simulated intensity of the swell. Detections are evi-
denced at distances ranging between 250 and 1100 km, between 0.1 Hz and 8 Hz. Deep convective
systems, and mostly lightning within those, seem to be the main source of detections above 1 Hz.
Hotspots of swell (microbarom) related to the medicanes are evidenced between 0.1 and 0.5 Hz.
Multisource situations are highlighted, stressing the need for more resilient detection estimation
algorithms.

P1.1-675 – Using High Resolution Global Atmospheric Simulations to Investi-
gate Gravity Wave Impact on Infrasound Transmission Losses Across the In-
ternational Monitoring System

Author: Constantino Listowski1

Co-authors: Alain Hauchecorne2; Alexis Le Pichon1; Claudia Stephan3; Gergely Bölöni4; Ulrich Achatz5; Young-
Ha Kim5

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2LATMOS/IPSL, UVSQ Université Paris-Saclay, Sorbonne Université, CNRS, Guyancourt, France
3Max Planck Institute for Meteorology, Hamburg, Germany
4Deutscher Wetterdienst (DWD)
5Goethe-Universität Frankfurt, Frankfurt, Germany

Infrasound propagation is mainly driven by the seasonal changes in stratospheric winds. However,
small scale perturbations like gravity waves also affect the detection capability of the infrasound
station network of the International Monitoring System. Simulations of atmospheric models explic-
itly resolving gravity waves are used to investigate the effect of these perturbations on infrasound
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transmission losses using parabolic equation simulations. We use high resolution atmospheric spec-
ification fields obtained in the framework of Dynamics of the Atmospheric General Circulation Mod-
eled on Nonhydrostatic Domains (DYAMOND). DYAMOND is an international project, initiated by
the Max Planck Institute for Meteorology and the University of Tokyo. It describes a framework
for the intercomparison of high resolution global models. It mainly focuses on the troposphere, but
some models extend well into the stratosphere. Lidar observations are used to validate the model at
Observatoire de Haute Provence (France). By filtering out small scale perturbations (gravity waves)
in atmospheric specifications and comparing parabolic equation simulations with and without grav-
ity waves, respectively, we quantify the impact of gravity waves and discuss how it is related to
the gravity wave activity (energy) and the mean atmospheric waveguide, across the International
Monitoring System.

P1.1-749 – New Shape Corrected Settling Scheme in the Lagrangian Dispersion
Model FLEXPART

Author: Daria Tatsii1

Co-authors: Gholamhossein Bagheri2; Silvia Bucci1; Lucie Bakels1; Andreas Stohl1

1University of Vienna, Department of Meteorology and Geophysics
2Max Plank Institute for Dynamics and Self-organization, Department of Fluid physics, Structure formation and Bio-

complexity

The shape of radioactive particles varies significantly, ‘from compact small-sized crystalline single
particles to large amorphous aggregates’ (Salbu and Lind, 2005). However, many atmospheric trans-
port models assume perfect spheres. Since non-spherical particles experience a larger drag in the
atmosphere, i.e. reduced gravitational settling, the atmospheric residence times and transport dis-
tances will be underestimated by these models. In this study, we present a new settling scheme in
the Lagrangian dispersion model FLEXPART, which considers particles of different non-spherical
shapes and orientations. The scheme is based on the drag coefficient prediction model of Bagheri
and Bonadonna (2016) and was tested experimentally by printing particles of various shapes in the
size range 50-300 µm (volume equivalent diameter), which were then released in a settling column to
determine their settling velocities. We show that the shape correction can extend atmospheric life-
time of non-spherical particles substantially as compared to spheres. The new version of FLEXPART
gives the opportunity to prescribe the particle geometry and orientation of falling. These options
allow to reduce the uncertainty regarding particle shape and conduct more accurate model simu-
lations of atmospheric concentrations and deposition patterns after potential weapons tests and/or
nuclear accidents.

P1.1-767 – Assessment of Aerosols over five cities of Angola Based onMERRA–
2 Reanalysis Data

Author: Pascoal Campos1

Co-authors: José Pires2; Anabela Leitão3

1National Centre for Scientific Research of Angola (CNIC)
2LEPABE - Laboratory for Process Engineering, Environment, Biotechnology and Energy
3LESRA - Agostinho Neto University

The use of aerosol optical depth (AOD) has been proven as an alternative to the traditional ground
level monitoring of air quality in many countries across the world. Therefore, this study based on
MERRA-2 data aims: (i) to characterize the spatiotemporal and component variations of aerosols in
the atmosphere over the capital cities (Luanda, Sumbe, Benguela, Huambo and Lubango) of the five
most densely populated provinces of Angola from 2010 to 2020 and (ii) to assess the influence of
emissions from the Nyamuragira volcano (Democratic Republic of Congo) on the air quality at the
five cities. The most significant contribution to the total AOD was derived from organic carbon, in
all the cities, whereby the highest values (0.19 - 0.23) were in Luanda. Ranges of sulphates across the
coastal cities were higher when compared to the interior cities caused by the emissions inventory
data. TheHYSPLITmodel showed that air masses fromNyamuragira at various heights in November
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2011 reached Luanda and Sumbe, and CALIPSO could confirm the existence of volcanic aerosols in
this same period. This study allowed to conclude that the variability of AOD loading depends on
seasons and regions, thus providing a little more information about the matter.

P1.1-791 – Vertical Profiles of Particulate Aerosols During the Invasion of Re-
gional Pollutants Over Mid-Hills of Central Nepal Himalaya

Author: Ram Prasad Regmi1

Co-authors: Suresh Bhattrai1; Sajan Shrestha1; Hiralal Khatri1; Anil K. Khadka1; Sangeeta Maharjan1

1National Atmospheric Resource and Environmental Research Laboratory (NARERL), Tribhuvan University

Vertical profiles of particulate aerosols and meteorological fields were obtained before, during, and
after the invasion of regional pollutants over the mid-hill Trishuli and Sunkoshi River valleys that
encroach deep into the Central Nepal Himalayas. Particulate aerosols and met-sensors integrated
unmanned aerial vehicle was deployed for the purpose. Probing up to 500 m above the ground, more
than 350 such vertical profiles were obtained continuously at 45 minutes intervals from 23 March to
6 April 2022. During the period, the Kathmandu Valley, lying in between the two valleys, witnessed
an air pollution episode. In this paper, we will present the observed meteorological and particulate
profiles over the valleys and discuss the transport and source reconstructions of regionally invaded
particulates over the mid-hills of the Central Nepal Himalayan region.

P1.1-805 – Forecasting InfrasonicNoise Levelswith aHighResolutionWeather
Model

Author: Jelle Assink1

Co-authors: Fred Bosveld1; Läslo Evers1; Madelon Smink1

1Royal Netherlands Meteorological Institute (KNMI)

Microbarometer networks are in place for the detection of atmospheric infrasound waves and ver-
ification of the CTBT. The presence of turbulence and other wind-induced effects are considered a
nuisance. For this reason, wind noise filters are typically in place for suppression. In this study, we
establish a relation between microbarometer observations and in situ turbulence measurements at
the Cabauw Atmospheric Research Site in The Netherlands. Using this relation, we compare noise
levels from the Dutch microbarometer network to turbulent pressure predictions from the high res-
olution HARMONIE weather model. This approach has two foreseen applications: (1) modeled tur-
bulence fields could possibly help in identifying regions that are most appropriate for infrasound
monitoring and (2) microbarometer observations could possibly be of use in the further refining of
sub-grid scale turbulence schemes in weather models.

P1.1-808 – Rapid Automated infrasonic Detection and Source Location of Ex-
plosive Volcanic Eruptions Using Empirical Climatologies

Author: Rodrigo De Negri1

Co-author: Robin Samuel Matoza1

1University of California, Santa Barbara

Explosive volcanic eruptions produce powerful infrasound that can propagate thousands of kilome-
ters in atmospheric waveguides. The International Monitoring System (IMS) infrasound network
has now captured numerous acoustic signals from explosive volcanic eruptions. Remote infrasound
has proven useful to locate and characterize subaerial volcanic source parameters (e.g. eruption
chronology and timing), but signals are subject to spatiotemporal atmospheric variability and de-
tectability. We developed a methodology that aims to improve rapid automated global source de-
tection, location, and characterization with a first-order approach based on empirical climatologies
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(HWM14/NRMSIS2.0) and 3-D ray-tracing (infraGA). Using a brute-force computational approach,
we tabulate corrections that represent predictions of the atmospheric effects (e.g. azimuth deviation)
on the propagation raypaths for volcanic signals to the IMS infrasound stations. We test our method-
ology on the energetic eruptions of Puyehue-Cordón Caulle 2011 (Chile) and Calbuco 2015 (Chile),
as well as the smaller, nearly continuous eruptions of Mount Michael (South Sandwich Islands), and
the most active volcanoes of the Vanuatu Archipelago. We obtain source location improvements for
individual events and enable improved signal identification of repetitive volcanic infrasound with
year-long azimuth deviation predictions. Our methodology could be easily extended for all IMS
infrasound stations for near real time monitoring.

P1.1-826 – Experience of Year-Round Infrasound Observations at the Vernad-
sky Station, Antarctica

Author: Oleksandr Liashchuk1

Co-authors: Leonid Kolesnykov2; Yuriy Andrushchenko1; Yuriy Otruba3

1Main Centre of Special Monitoring, State Space Agency of Ukraine
2CTBTO Preparatory Commission
3National Antarctic Scientific Center of Ukraine

In February 2021, the Ukrainian small aperture infrasound array began recording in the Antarctic
Peninsula area. This is a good step towards ensuring the implementation of the CTBT with national
resources. However, only at the beginning of 2022 was it possible to organize continuous transmis-
sion of satellite data in real time. This made it possible to quickly track both regional events that
took place in the area of the Vernadsky station and global ones, such as the eruption of the Hunga
volcano, Tonga. The infrasound station has become an excellent addition to the set of multi-profile
geophysical equipment available at the Vernadsky Antarctic station, expanding the range of use of
the entire complex. It should be noted that the planned installation of the International Monitor-
ing System infrasound array near the Antarctic Peninsula (Palmer station) has not yet taken place.
Therefore, the data for a year of observations of the infrasound array at Vernadsky station can also
be useful for understanding the conditions for registering infrasound in the region.

O1.2 The solid Earth and its structure

O1.2-015 – Generation Mechanism of the 26s and 28s Tremors in the Gulf of
Guinea from Statistical Analysis of Magnitudes and Event Intervals

Author: Yongyan Chen1

1University of Science and Technology of China

The Earth is a dynamic planet with abundant vibrating processes. Besides the earthquakes, volcanos
and other activities, there is a special type of source called a persistent localized microseismic source,
with long period almost harmonic signals and fixed location. The 26s (0.038Hz) and 28s (0.036Hz)
tremors in the Gulf of Guinea are two typical persistent localized microseismic sources in the world,
but their generationmechanisms are still enigmatic. Moreover, understanding the behaviors of these
two sources helps to reduce their interference in ambient noise tomography. We implemented an
algorithm to detect events in the persistent localized microseismic signals for the past 30 years, and
then performed statistical analysis of magnitude-cumulative number and interval time-number. We
found that the magnitude distribution is similar to the Gutenberg-Richter relation (G-R relation or
power law) and the distribution of interval between events is consistent with a Poisson process. We
propose that the two sources are probably related to underground complex crack networks featuring
fractal characteristics and are dominantly driven by temporally random dynamic processes. How-
ever, ocean swell might affect the 26s source occasionally while the primary microseism seems to
modulate the two persistent localized microseismic sources.
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O1.2-084 – Performance of the RsttMndc model in the Hangay region, Mongo-
lia

Author: Sarantsetseg Lkhagvasuren1

Co-authors: Odbayar Sereenendorj1; Ulziibat Munkhuu1

1Institute of Astronomy and Geophysics (IAG), Mongolian Academy of Science (MAS)

The purpose of this research is to check the performance of the RsttMndc (enhanced RSTT model for
Mongolia) model as a regional velocity model and the obtained minimum 1D velocity model for the
Hangay region as a local model to relocate the events occurred in the Hangay region, central part of
western Mongolia using iLoc4.0 location software comparing with the relocation results with RSTT
model. The Institute of Astronomy and Geophysics of Mongolia in collaboration with the Lehigh
university in Pennsylvania of USA operated a temporary seismic station network called Hangay
experiment in the region including 72 stations during the 2 years. We found the events provided
GT5 criterion from the more than 8000 events occurred in the Hangay region within the latitude
of 44o-50o and longitude of 95o-104o between 2012 and 2014. There were GT5 events recorded
within the range of local distance. In order to show the RSTT models impact, we selected the events
recorded at the regional distances too. The results of the GT5 events relocations with the different
models will be discussed here. The main characteristic of the epicenter distribution relocated with
the local and regional velocity models for the Hangay region mostly distributed and clustered along
the main faults in the Hangay region.

O1.2-102 – Crustal Structure of Ethiopian Plateaus and the Main Ethiopian
Rift from Receiver Function Analysis

Authors: Birhanu Kibret1; Atalay Ayele2

1Institute of Geophysics, Space Science and Astronomy of Addis Ababa University
2Addis Ababa University (AAU)

P-to-S receiver functions of 10 broad-band seismographs installed along the geologically complicated
edge of the Ethiopian plateau and the active Main Ethiopian Rift were examined to image the crustal
structure beneath the region. Receiver functions were determined using the time domain iterative
deconvolution method to calculate the Moho depth and Vp/Vs of the crust. Results indicate that the
Moho depth beneath the Northwest plateau, the Central Main Ethiopian rift, and the Southeastern
plateau is 36–44 km, 36–38 km, and 40–44 km, respectively. A very high Vp/Vs > 2.0 is observed
beneath the Enewari depression at the NW plateau at the depth range of ~ 30–40 km under a high
velocity material. Likewise, a similar high Vp/Vs material is also found beneath the rift axis at the
depth range of ~ 30–46 km beneath a high velocity solidified material. These high Vp/Vs ratios at
the top of the lower crust in the Northwest plateau and MER are inferred to be seismic signatures
of a low Vs partial melt material. The high Vs and the low Vp/Vs material above these high Vp/Vs
materials might be solidified magmatic material.

O1.2-179 – Machine Learning for Travel Time Emulation

Author: Stephen Myers1

Co-authors: Gemma Anderson1; Nathan Simmons1

1Lawrence Livermore National Laboratory (LLNL)

Machine Learning for Travel Time emulation (MaLTTe) is a deep learning method and computer
code for emulating seismic-phase travel times that are based on a three-dimensional (3-D) Earth
model. Greater accuracy of travel time predictions using a 3-D Earth model are known to reduce the
bias of event location estimates and improve the process of associating detections to events. How-
ever, practical use of 3-D models is challenged by slow computational speed and the unwieldiness of
pre-computed lookup tables. MaLTTe uses the XGboost method and trains on pre-computed travel
times, resulting in a compact and computationally fast way to approximate travel times based on a
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3-D Earth model. MaLTTe is trained using approximately 850 million P-wave travel times based on
the LLNL-G3D-JPS model from randomly sampled event locations to 10,393 global seismic stations.
After training, the MaLTTe code is approximately 10 Mbyes in size and travel times are computed in
approximately ten of micro-seconds on a single CPU. Currently achieved prediction accuracy is ap-
proximately ~0.2 second, which is significantly smaller than the inherent accuracy of the 3-D model.
With additional development, MaLTTe will enable easy use of 3-D models in routine seismological
processing and analysis.

O1.2-187 – Refined Location Parameters for the 20 December 2020 Earthquake
in Gaborone

Author: Rapelang Edward Simon1

Co-authors: James G. King1; Joseph Maritinkole2; Tarzan Kwadiba3; Moikwathai Moidaki1

1University of Botswana
2Botswana Geocience Institute
3Botswana International University of Science and Technology

On 20 December 2020 an earthquake shook Gaborone city and its outskirts. This earthquake was
recorded by some stations of the Botswana Seismological Network and also some from the Interna-
tional Monitoring System. Vertical components seismograms from these stations were analysed
using Geotool software from the Comprehensive Nuclear-Test-Ban Treaty Organization and the
Regional Seismic Travel Time (RSTT) model to refine the location parameters of this earthquake.
Geotool results are: epicentre location at Lat 24.714 oS and Long 25.973 oE; origin time of 10:44:46.5
(UTC); depth of 12.1 km; body magnitude (mb) and local magnitude (ml) of 4.2 and 3.6, respectively.
RSTT results are: epicentre location at Lat 24.708 oS and Long 26.036 oE; origin time of 10:44:46.622
(UTC), and depth of 11.6 km. The location parameters agree well within uncertainties.

Keywords: Gaborone, Earthquake, Geotool, Regional Seismic Travel Time, Seismograms

O1.2-246 – Deep Learning and Template Matching Detectors Methodology to
Seek for Seismic Clusters in the Central Andes within the Bolivian Orocline

Author: Gonzalo Antonio Fernandez1

Co-authors: Laurent Bollinger2; Benoit Derode3; Stephanie Godey2; MayraNieto Canaviri1; Nathan Sarret2

1Observatorio San Calixto
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3University of Toulouse & Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

The Bolivian Orocline is part of the Central Andes, where the high compressional crustal strains
owns complex systems of geological faults that may be active and might produce destructive earth-
quakes, such as the Aiquile 1998. Generally, some foreshock and aftershock happens, however, those
may have lower magnitudes that are difficult to detect. Nowadays, it is possible to detect any seis-
mic or explosion event using a seismic network deployed in a specific region, therefore, any seismic
station within the network will record seismic signals as waveforms templates. Furthermore, those
signals and the bulletins might serve as input to train neural networks to detect or to classify nat-
ural or artificial events. The OSC-NDC presents how a daily routine workflow helped us to detect
seismic clusters using three seismic stations, and how we enhanced those detections by installing a
temporary seismic network within the Bolivian Orocline applying deep learning techniques. Results
are promising, shallow low magnitude earthquakes around the Bolivian Orocline are being detected,
most of them belonging to a seismic cluster and might guide us to map the seismicity.
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O1.2-800 – A Seismogeodetic Network in Southern Mexico to Monitor Crustal
Deformation in Real Time

Author: Gerardo Suarez1

Co-authors: José Antonio Santiago1; Diego Espinosa-Kuswara1; Ekaterina Kazachkina1; Ketzalina Flores2

1Universidad Nacional Autónoma de México (UNAM)
2Kyoto University, Japan

A network of 20 seismogeodetic instruments was installed in the subduction zone of Mexico. The
purpose of the data is to monitor the crustal deformation of the subduction zone, to estimate themag-
nitude of great earthquakes, and to contribute to the tsunami warning system of Mexico operated by
the Mexican Navy. Information generated by the network is transmitted in real time by dedicated
satellite antennas in L Band. The network is composed of instruments combining accelerometers and
GNSS receivers. The strong motion data is sampled at 200 Hz. The GNSS data is processed in real
time using RTX corrections and a recursive Kalman filter that uses the strong motion data to correct
the real time GNSS data. The geodetic data is sampled at 2 Hz. The results show daily averages of
ground displacement data comparable to post-processed data that includes orbital and atmospheric
corrections. An algorithm was developed to estimate magnitude based on the post-seismic defor-
mation of the coast. The data is monitored continuously, and the length of the fault is estimated
based on the extent of the crustal deformation. The magnitude is estimated based on the fault area.
Tsunami warnings would be based on the measured co-seismic deformation.

O1.2-828 – Estimation of the Mantle Transition Zone Seismic Discontinuities
Beneath Northwestern South America from P Wave Receiver Function Analy-
sis

Author: Jorge Enrique Cubillos Gordillo1

Co-author: Carlos Alberto Vargas1

1Universidad Nacional de Colombia

Two seismic discontinuities delimit the mantle transition zone (MTZ) at 410 and 660 km. These seis-
mic discontinuities were imaged under the north-west corner of South America using the receiver
function technique and a seismological record of up to 30 years collected by the National Seismologi-
cal Network of Colombia. Significant variations and spatially systematic in the discontinuity depths
were observed. The mean depths for the MTZ are 412±5.3 and 671±5.9 km, with a mean thickness of
258±6.5 km. This last value doesn’t differ too much from the global average. The significant depth
variation and the thicker MTZ in some areas cause a low correlation between the depths of these
discontinuities. We hypothesize that this thickness irregularity in the MTZ is due to the interac-
tion between the Nazca and Caribbean tectonic plates during the subduction process beneath the
South American lithosphere – Mantle system. On the other hand, the MTZ thinning beneath the
Nazca plate possibly is due to a regional thermal disturbance or local plume under the Malpelo ridge.
These observations and tomography images also support hypotheses regarding lateral variations in
the thermal structure linked with the difference in age and composition of the Nazca and Caribbean
plates in these depths.

P1.2 The solid Earth and its structure

P1.2-016 – Estimation of Mantle Transition Zone Seismic Discontinuities Be-
neath Northwestern South America from P wave Receiver Function Analysis.

Author: Jorge Enrique Cubillos Gordillo1
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Co-author: Carlos Alberto Vargas1

1Universidad Nacional de Colombia

Mantle transition zone is delimited by two seismic discontinuities at 410 km and 660 km. These
are imaged under the northwestern corner of South America using the receiver function technique
and a seismological record with up to 30 years registered by the national seismological network of
Colombia. Significant variations and spatially systematic in the discontinuity depths were observed.
The mean depths for the mantle transition limits are 412±5.3 and 671±5.9 with a mean thickness of
258±6.5, this value is similar to the global average. The low correlation between the discontinuities
is caused by the significant depth variation and the thicker mantle transition zone in some areas
is because the Nazca and Caribe plates subduction under South America plate. On the other hand,
mantle transition zone thinning beneath theNazca plate possible is due to theMalpelo ridge presence.
These observations together with seismic tomography investigations could confirm the interaction
of Nazca and Caribe plate within the upper mantle and mantle transition zone hydration.

P1.2-023 – Understanding the Earthquake Occurrences and Looking for the
Future in South Central Tibet (SCT) Himalaya

Author: Daya Shanker1

Co-author: Harihar Paudyal2

1Indian Institute of Technology Roorkee
2Tribhuvan University

Various seismic precursors are known to be preceded small to large earthquakes. These pre-earthquake
signatures which may continue to several months and/years would be employed for earthquake fore-
casting. In the present investigation precursory seismicity patterns were discussed and used for the
identification of precursory swarm to forecast the location of future earthquake in the South Cen-
tral Tibet Region (SCT) Himalaya. The seismicity data compiled from various catalogues for the
period 1963-2006 with mb ≥4.1, have been used to understand the occurrence of three medium size
earthquakes sequence 1996 (mb 5.9), 1998 (mb 5.8) and 2004–2005 (mb 6.2, 6.3). Analysis indicates
that these earthquakes were preceded by well-defined patterns of precursory swarms and seismicity
varies as low-high-low phases in episodic manner. We found two anomalous seismicity patterns
having similar spatial and temporal distributions separated by about 15 month’s duration during
January 2002-February 2003 and June-August 2004 in the same area but without a mainshock till
2007? Based on analyses of above three events occurrence mechanism and spatio-temporal and fo-
cal depth patterns during 2002-2003 and 2004 a localized area (29.6o-30.1o N, 87.7o-88.1oE), could be
a potential zone for impending medium size earthquake (M≥6.0) in depth range 25 ± 15 km.

P1.2-054 – The Central Part of Madagascar Volcanism Reactivation Possibility

Author: Ramarolahy Rina Andrianasolo1

1Institute and Observatory of Geophysics of Antananarivo (IOGA)

Madagascar has never experienced any volcanism activity. The volcanisms dated from the cretaceous
period are almost all around the coastal zones and Cenozoic at the central part and in the north.
Seismically, the central part is the most active. An ancient crater even had smoke from the inside
slope. The laboratory of Seismology and Infrasound at the IOGA uses the national seismic stations
network to monitor earthquakes and tsunamis. The CTBTO station, OPO, has an important place
for monitoring earthquakes in the area. Many seismic crises are recorded from the central volcanic
areas and this station is well placed to get better detection. To study the volcanism of the central part
of Madagascar, we consider the observations in site, the earthquakes history and a 3-D tomography
of the lithosphere. Even though Madagascar has had no volcanic activity for millions of years, the
instability of the lithosphere presents the possibility of reactivation of the recent Cenozoic volcanoes
is supported by the tomography results.
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P1.2-061 – SeismicHazard Studies in Sub-SaharanAfricaUsing IntegratedTech-
niques

Author: Umar Afegbua Kadiri1

Co-authors: Andrzej Kijko2; Friday Ezomo3; Mako SITALI4; Paulina Ekua Amponsah5; Vunganai Midzi6

1Centre for Geodesy and Geodynamics, National Space Research and Development Agency, Ministry of Science and
Technology

2University of Pretoria
3University of Benin, Nigeria
4Ministry of Mines and Energy, Geological Survey of Namibia
5School of Nuclear and Allied Sciences, Ghana Atomic Energy Commission
6Council for Geoscience

Seismic hazard assessments (SHA) have not been conducted in large parts of Sub-Saharan Africa
(SSA) due to incomplete earthquake catalogues, sparse seismic networks, etc. raising concerns on
needed information for planning and disaster risk management. The aim of this study is to bridge
the research gap using modern techniques for across the board SHA. Updated catalogue from lo-
cal networks, CTBTO’s National Data Centres, International Seismological Centre and publications
spanning 1615-2022 with threshold and maximum moment magnitudes (Mw) of 4.0 and 6.8 formed
the dataset. The catalogue, which was declustered and harmonized to Mw, was used with available
geological data to delineate area source zones and computation of earthquake recurrence parameters.
Four ground motion prediction equations for tectonically similar regions to SSA were implemented
using logic tree formalism in the calculation, with all equations weighted equally. With a 1-1000
year period considered, the computed Gutenberg-Richter b-value, activity rates, and regional maxi-
mum possible magnitudes ranged from 0.69 to 1.0, 1.6 to 2.1, and 5.2 to 7.2 respectively. Peak ground
accelerations ranged from 0.02g to 0.2g for a 10% chance of exceedance in 50 years and seismic haz-
ard maps for 0.1s, 0.2.s, 0.3s, 0.5s, and 0.15s periods were produced. Results are expected to make
significant contribution to planning in the vast region.

P1.2-062 – Seismotectonics of the 2018 Abuja Earthquakes and Probabilistic
Seismic Hazard Assessment in Nigeria

Author: Umar Afegbua Kadiri1

Co-authors: Friday Ezomo2; Monday A. Isogun3; Tahir Yakubu3

1Centre for Geodesy and Geodynamics, National Space Research and Development Agency, Ministry of Science and
Technology

2University of Benin, Benin City, Nigeria
3Centre for Geodesy and Geodynamics (CGG), National Space Research and Development Agency (NASRDA)

Contrary to earlier beliefs of being aseismic, Nigeria witnessed numerous earthquakes between 2018
and 2022. The 5-7 September 2018 events with moment magnitudes 2.5-3.7 and intensity II-V, oc-
curred in Mpape, Abuja, about three kilometers from Nigeria’s presidential villa and critical facilities
such as dams, nuclear research reactors, etc. This study aims to adopt an integrated investigation
using seismological, geophysical, geological and space-related techniques to ascertain the causes
and implications of the seismic activities. Data were acquired from field surveys, local networks
and international agencies. A probabilistic seismic hazard assessment was also performed through-
out Nigeria and its surroundings. Findings showed the causes of recent seismicity were tectonics,
as evidence of a fault was established at Mpape. The b-value, activity rate and regional possible
maximum magnitude were 0.69±0.07, 1.684±0.462 and 6.7±0.34. Annual activity rates of earthquake
magnitudes 2.0-3.0 are high, while the likelihood of earthquakes of magnitudes 5.0-6.0 occurring
annually, 50 years, 100 years, and 1000 years were 0.7%, 75.81%, 99.70%, and 100%, respectively. Re-
turn period of magnitude 6.0 earthquake is 143 years. The PGAs for a 10% chance of exceeding in
50 years range between 0.01-0.08g. Results are useful for planning and as baseline parameters for
establishing seismic building codes in Nigeria.
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P1.2-064 – Study on Source Parameters of Local Earthquakes in Tehri Dam Site
and Hinterlands in the Himalayas

Author: Daya Shanker1

Co-author: Abhishek Pathak1

1Indian Institute of Technology Roorkee

Tehri dam is an earth and rock filled dam situated in the 700 km long earthquake gap in between
the 1905 Kangra earthquake in the west and the 1934 Bihar-Nepal earthquake in the east region of
Himalaya and built across the Bhagirathi River. The purpose of the dam is to provide irrigation and
generate hydroelectricity for nearby areas. It is operated and maintained by Tehri Hydro Power Cor-
poration andmonitored by the Department of Earthquake Engineering, IIT Roorkee. The hypocentre
parameters of three local events (1.3≤Mw≤3.2) that occurred around the Tehri dam region are esti-
mated using the HYPOCENTER program given in SEISAN software and the code EQK_SRC_PARA
was used for earthquake source parameters estimation in which source model fitted in displacement
spectra and acceleration spectra. The seismic moments (M0), Brune stress drop and source radii
ranges from 2.2×1018 to 6.6×1020, 1 to 63 bars and 65.1 m to 667.4 m, respectively. The maximum
stress drop of 63 bars is observed at a source radius of 146.7 m. The radiated seismic energy varies
from 1.1×1014 to 3.9×1016. The radiated seismic energy follows the relationship with seismic mo-
ment as Es= 3×10-5M01.013. Study advocates that the seismic moment has an increasing trend with
increase in source radius.

P1.2-078 – Ambient Noise During Nyepi in Denpasar

Author: I Putu Dedy Pratama1

Co-authors: Dwi Karyadi Priyanto1; Pande Komang Gede Arta Negara1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

Nyepi is a rare activity in the world that only exists in Bali, where all human outdoor activities
stop for a day. This study used Nyepi to measure its impact on ambient noise in Denpasar, the
capital of Bali province. We used broadband and period seismometer, which operates 24 hours a day,
to measure the difference before, during, and after Nyepi. Results of processing signal data using
methods Horizontal-to-Vertical Spectral Ratio shows an increase in the dominant frequency during
Nyepi, but fluctuating every hour. Overall, the 3-day data dominant frequency is in the range of
1.60-1.70 Hz. The amplification factor at the Nyepi day is at the lowest value compared to the day
before and after Nyepi. The seismic vulnerability index when Nyepi is at its lowest value compared
to the average before and after Nyepi. The current seismic vulnerability index value of Nyepi is 23
998. This value is 3.906 lower than the average day before and after Nyepi. This suggests that a
decrease in human activity has an impact on decreasing the seismic vulnerability index.

P1.2-100 – Double-Difference Hypocentral Relocation and Seismic Moment
Calculation of Valle de la Trinidad Seismic Sequence, Baja California, Mexi-
co

Author: Alejandra Martinez1

1Ensenada Center for Scientific Research and Higher Education (CICESE)

Seismic events recorded by the Northwest Mexico Seismic Network are initially located through
an automatic system and then manually refined by an analyst. However, this procedure is far from
ideal because the considerable dispersion observed in the earthquake cluster does not allow a precise
source location. To obtain higher resolution hypocentral locations and thus providemore knowledge
and definition of the zone’s tectonics, the double-difference algorithm (HypoDD) will be applied to
a seismic sequence near the town of Valle de la Trinidad, northern Baja California. This sequence
began on August 17, 2020, with an earthquake of local magnitude ML=5.1, and the catalogue to
be used for this study will cover until June 2022, resulting in a total of 888 seismic events. This
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seismicity is still active today and comprises a range of magnitudes from 1≤ML≤5.1. Seismic source
parameters of the sequence will be calculated, with particular attention to the seismic moment (Mo),
to observe the behaviour of the Mo-ML relationship that several authors have reported as non-linear
for southern California and northern Baja California, specifically in the magnitude range 4≤M≤6.8.

P1.2-101 – Improve Jordan Seismological Observatory Events Location by Re-
ducing Azimuth Gab Using Regional Seismic Travel Time Workshop Recom-
mendation

Author: Shadi Alzoubi1

1Jordan Seismological Observatory (JSO)

The Jordan Seismological Observatory (JSO) participated in a workshop in Nepal on improved seis-
mic event location using the regional seismic travel time (RSTT) method. The JSO contributed with
a list of selected seismic events to be analysed and tested.
After selecting the most matched event from the list and ensuring it was compatible with RSTTmod-
ule specification, the result of the analysis of event location by RSTT wasn’t within the expected
range. This was because of the high azimuth gab due to lack of stations coverage from all direction.
The JSO should start to solve this issue by reducing the azimuth gab by adding stations from Lebanon.
Additionally, a study undertaken to add new seismic stations where no station coverage is found and
by getting data from the International Data Centre or data from other seismological centers.

P1.2-110 – Moment Tensor Solutions of Small to Moderate Earthquakes along
Vlora-Elbasani-Dibra Transversal Fault Zone

Author: Olgert Gjuzi1

Co-authors: Rrapo Ormeni1; Fatih Turhan2

1Institute of Geosciences
2Boğaziçi University, Kandilli Observatory and Earthquake Research Institute, Regional Earthquake Tsunami Moni-

toring Center

The transversal fault zone Vlora-Elbasan-Dibra (VED) with Northeastern strike dislocated the struc-
ture of Albanides along all their width. This transverse fault is the most active zone, which has
generated earthquakes along its entire length. This study covers the period from 2004 to 2022.,This
time period was chosen because it consists of the increase in the installations of digital broadband
stations. The seismicity that occurred along VED was well detected by the Albanian Seismological
Network and Hellenic Unified Seismic Network, but moderate earthquakes are recorded by almost
all seismic stations in the region. For this purpose, data used in this study are broadband waveforms
retrieved from online FDSN services which belong to different networks. The data are analysed
using the Pyrocko package. This seismic zone has presented interesting characteristics by being
activated in different parts of it, continuing from Dumre diapir with complex fault but dominated
by dextral strike-slip mechanisms from Elbasani to Dibra region it works as a normal fault with a
dextral component of strike-slip, and form Dibra to Mavrovo in North Macedonia as a normal fault
in N-E direction.

P1.2-125 – Spatial and Temporal Variations in Coda Q Attenuation of Seismic
Waves in the Lower St. Lawrence Region, Southeastern Canada

Authors: Amir Mansour Farahbod1; John F. Cassidy1

1Geological Survey of Canada
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We investigated seismic attenuation characteristics of the Lower St. Lawrence seismic zone. This
zone is located ~400 km downstream from Quebec City and is between the Quebec North Shore and
the Lower St. Lawrence. Coda Q was determined using 847 earthquakes (2.0 ≤ M ≤ 5.1) recorded on
ten stations of the Canadian National Seismic Network (CNSN) inQuebec from 1985 to 2022. We find
that the lowest overall average of Q0 (Q at 1 Hz) values are at the three stations (GSQ, ICQ and SMQ)
within 100 km of a moderate earthquake of mN 5.1 in 1999 (e.g., Q0 of 81, 88 and 80, respectively). We
determined temporal variations in attenuation following the 1999 earthquake. The overall average
of Q0 decreased from 87 (before the mainshock) to 77 (GSQ), from 92 to 85 (ICQ) and from 88 to 82
(SMQ). These results are in agreement with global studies that show a decrease in Q0 following a
major earthquake, likely the result of increased fracturing and fluids in the epicentral region. An
average for all the data results in a Q relationship of QC = 86f^1.07 for the frequency band of 2 to 16
Hz for the entire region.

P1.2-139 – Using a Consistent Travel-Time Framework to Compare Three-Di-
mensional Seismic Velocity Models for Location Accuracy

Author: Michael L. Begnaud1

Co-authors: Kathy Davenport2; Andrea Conley2; Robert Porritt2; Christine Gammans1; Sanford Ballard3

1Los Alamos National Laboratory (LANL)
2Sandia National Laboratories (SNL)
3U.S. Department of Energy, National Nuclear Security Administration

Location algorithms have relied on one-dimensional (1-D) velocity models for fast, seismic event
locations. The fast computational speed of these models made them the preferred type of velocity
model for operational needs. Three-dimensional (3-D) seismic velocity models are becoming readily
available and usually provide more accurate event locations over 1-D models. The computational
requirements of 3-D models tend to make their operational use prohibitive. Comparing location
accuracy for 3-D seismic velocity models tends to be problematic as each model is determined us-
ing different ray-tracing algorithms. Attempting to use a different algorithm than used to develop a
model usually results in poor travel-time prediction. We have previously demonstrated and validated
the ability to quickly create 3-D travel-time correction surfaces using an open-source framework
(PCalc+GeoTess, www.sandia.gov/salsa3d, www.sandia.gov/geotess) that stores spatially-varying
data, including 3-D travel-time data. This framework overcomes the ray-tracing algorithm hurdle
because the lookup tables can be generated using the preferred ray-tracing algorithm. We have
created first-P 3-D travel-time correction surfaces for several publicly available 3-D models (e.g.,
RSTT, SALSA3D, G3D, DETOX-P2, etc.). We demonstrate using these correction surfaces to com-
pare models fairly and consistently for seismic location accuracy via a set of validation events and
International Monitoring System stations.

P1.2-145 – Design Response Spectra for Selected Cities Along the Northwest-
ern Coast of Egypt

Author: Hanan Mahmoud Gaber Farghly1

Co-author: Mahmoud El-Hadidy1

1National Research Institute of Astronomy and Geophysics (NRIAG)

Unknown to the most Egyptians, of all natural hazards earthquakes pose the greatest damage poten-
tial. Large scale events are fortunately quite rare, however, if they strike, they can cause far reaching
and very costly damage, which lead to potentially hundreds or even thousands of fatalities. So far,
earthquakes cannot be prevented or even reliably predicted. But, due to extensive research, much is
now known about how often and intensively the earth could shake at given location.
Probabilistic seismic hazard analysis (PSHA), at the national level, enables societies to make well in-
formed decisions on earthquake safety. On a technical level, a PSHA defines, for building engineers,
the kind of ground motions which can be expected for an earthquake and to couple them to the re-
sponse of local soil and the building characteristics. The design response spectrum considering the
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different soil conditions for five selected sites along the northwestern coast of Egypt, have been esti-
mated. Seismic hazard maps and design response spectrum are illustrated as selected hazard output
for the selected five cities (Alexandria, Alamein, Dabaa, Marsa Matrouh and Negelah).

P1.2-157 – Improving Location Accuracy for Seismic (GT5) Events in Jordan

Author: Murad Alhomaimat1

1Jordan Seismological Observatory (JSO)

Jordan seismic activities are attributed to the Dead Sea Fault. It is an active transform fault extended
from the Red Sea to the Taurus/Zagros Mountains. In cooperation with the Comprehensive Nuclear-
Test-Ban Treaty Organization we used available local data, IMS data, and arrival times of seismic
events with a magnitude greater than 3.5 to be able to validate the location accuracy. The selected
events are local and regional and should satisfy the criteria according to Bondár et al. (2004) to assign
and determine the events as ground truth events.

P1.2-188 – Seismicity and Tectonics of the Caucasus Region Revisited

Author: Istvan Bondar1

Co-authors: Eric Cowgill2; Tea Godoladze3; Gurban Yetirmishli4; Stephen Myers5; Tuna Onur6; Rengin Gok7;
Andrea Chiang5

1Research Centre for Astronomy and Earth Sciences (ELKH)
2University of California Davis (UC Davis)
3Ilia State University
4Republic Seismic Survey Center of Azerbaijan National Academy of Sciences
5Lawrence Livermore National Laboratory (LLNL)
6Seemann Consulting, Inc., Victoria, British Columbia, Canada
7U. S. Department of Energy, National Nuclear Security Administration

TheCaucasus region lacked a comprehensive catalog, despite its role in Arabia-Eurasia convergence
between the Black and Caspian Seas. The Lawrence Livermore National Laboratory and the Institute
of Earth Sciences (IES) at Ilia State University generated a new, comprehensive seismic catalog for
the period from 1951 to 2019 for the Caucasus region by combining data in the IES bulletin with
bulletins of the Republic Seismic Survey Center of Azerbaijan, monitoring centers in Turkey and
Armenia, and the ISC.
We present ~20,000 newly relocated events in this bulletin. We relocated each event using the single-
event location algorithm iLoc and regional seismic travel time predictions and identified GT events.
We relocated the entire seismicity of the Caucasus region with the multiple-event location algorithm
Bayesloc, using the iLoc results as initial locations and the GT events as constraints.
We show that each relocation step leads to significant improvements, as indicated by tightening of
event clusters. The improved view of the seismicity reveals a narrow band of crustal events along
the southern flank of the Greater Caucasus we interpret as a megathrust, and confirms both a region
of deep seismicity beneath the northeastern Caucasus and a possible area of slab detachment in the
central part of the range.

P1.2-206 – Inter-Seismic Strain Accumulation and Estimation of Stress Distri-
bution on the Main Marmara Fault

Author: Yasemin Korkusuz Ozturk1

Co-authors: Ali Özgün Konca1; Nurcan Meral Özel1

1Bogazici University
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The objective of this study is to characterize the recent stress distribution on the Main Marmara
Fault (MMF) through quasi-static modeling of inter-seismic strain accumulation by considering past
earthquakes and heterogeneous interseismic coupling. Since the MMF is prone to creating large
earthquakes, it is crucial to infer the state of stress on the fault. The obtained pre-stress distribution
will serve as a basis for simulating dynamic earthquake ruptures via derived stress changes and
calculating a realistic map of the peak ground velocity. Due to lack of observed data for future
events, InternationalMonitoring System seismic stationsmay be used to verify future groundmotion
simulations for destructive earthquakes. To calculate accumulated stress distribution on the locked
part of the MMF, interpolated GPS velocities and slip-rates along the unlocked portions of the fault
interface are used as boundary conditions. Previous studies of interseismic coupling and seismicity
studies including the repeating earthquakes are also considered. A three-dimensional-FEMmesh for
the region is built using a mesh size of ~500 m. Consequently, heterogeneous stress distributions are
obtained via elaborative usage of recent geodetical investigations. Because the magnitude of stress
can’t be measured within the earth crust, such heterogeneous stress change calculations are crucial.

P1.2-213 – S Wave Velocity Structure Beneath the San Miguel Volcano, El Sal-
vador, Estimated from Seismic Ambient Noise

Author: Kevyn Pineda1

Co-author: Takumi Hayashida2

1Ministerio de Medio Ambiente y Recursos Naturales
2International Institute of Seismology and Earthquake Engineering

The San Miguel volcano is considered one of the most active volcanoes in El Salvador due to its
multiple eruptions; however, its structural properties are not fully understood. Four broadband
seismometers were deployed by the Ministry of Environment of El Salvador from February 2014 to
April 2014. We analysed ambient noise data using the spatial autocorrelation (SPAC) method and
seismic interferometry technique. The SPAC method enabled us to calculate the phase velocity of
the surface waves from 0.2 to 1.0 Hz. We derived the SPAC coefficients for each sensor-to-sensor
pair (1.5–5.5 km). We directly converted the derived SPAC coefficients to Rayleigh wave phase
velocities between 0.2 and 0.4 Hz and inferred phase velocities above 0.4 Hz using the zero-crossing
frequencies. We also calculated Rayleigh wave group velocities with seismic interferometry, for
each sensor-to-sensor pair. The combined use of the two methods offered ways to gain information
about the subsurface seismic velocity structure from the same dataset. Considering the fundamental
mode phase and group velocities, the resultant dispersion curve was obtained in a frequency band
of 0.2-1.3 Hz. Our results made it possible to perform a joint inversion of phase and group velocities
to obtain the S wave velocity structure of the volcano.

P1.2-217 – Seismic SourceModeling for the 2018 LombokEarthquake Sequence
Estimated from the Empirical Green’s Function Method

Author: Aldilla Damayanti Purnama Ratri1

Co-authors: Akram Mujahid1; Angga Wijaya1; Hiroe Miyake2; Saeko Kita3; Takumi Hayashida3

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)
2Earthquake Research Institute, University of Tokyo, Japan
3International Institute of Seismology and Earthquake Engineering (IISEE), Japan

In 2018 a series of large damaging earthquakes in Lombok-Indonesia occurred close together, caus-
ing many casualties and property damage. Therefore, we conducted source models composed of
asperities for the 2018 Lombok Earthquake sequence using strong motion data and estimated by the
empirical Green’s function method. We simulated the target event with a smaller event in the sur-
rounding area. Then, the source model parameters were determined by comparing the synthesized
to observed broadband ground motions. We obtained the best fit of the size and rupture starting
point of the strong motion generation area (SMGA) by doing a grid search calculation. We found
that the pulse waveforms extend radially toward the bottom right-hand direction due to the forward
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directivity effect. Furthermore, there is a relationship among the foreshock, the mainshock, and the
largest aftershock that may have triggered each other and have similar source characteristics with
rupture directions.

P1.2-252 – Small Aperture Seismic Array, Oman

Author: Yasir Alrawahi1

1Sultan Qaboos University

Seismic array was developed in 1960s mainly to enhance signal noise ratio. Since then many array
have been deployed around the world with varying geometry and aperture length based on the
purpose of study. Many seismic analyses techniques have been developed, such as beamforming and
F-K analysis, in order to achieve the desired results from the data. Hoqain seismic array in Oman
is one of the local small aperture array that was deployed in March 2015 with nine 3-C stations
and a total aperture of around 2 km and set in complex geological setting of ophiolite and sequence
of sedimentary rock in northern Oman. A python scripts is utilized to calculate beam power by
scanning the data every one second around the frequency of interest. This study includes searching
for slowness and back azimuthal values that can give the optimal beam out of the nine stations.
STA/LTA detector is applied for an auto picking through a continuous data stream. The study is
able to detect some minor earthquakes around Oman Mountains that our local network is not dense
enough to detect. Some of these events can be correlated to known rock mining activity while others
could be of tectonic origin.

P1.2-253 – Stress and Deformation Regime in San Salvador, El Salvador, from
Inversion of Focal Mechanisms and GNSS Data

Author: Rosa Amelia Garcia Castro1

Co-authors: Carlos Eduardo Reinoza Gómez; José Antonio Álvarez Gómez

1Ministerio de Medio Ambiente de El Salvador

El Salvador is located in northern Central America, along the Pacific Ocean margin. San Salvador
is located in a region with a high rate of seismic activity, as it is part of the El Salvador Fault Zone
(ESFZ). Currently, there is no detailed information on the stress and deformation regime in San
Salvador. In this sense, the present project is oriented to the analysis of the local seismotectonic
characteristics, which are intended to be essential inputs for the analysis of the seismic hazard and
risk in the capital of the country. It is proposed to elaborate stress and deformation maps based on
inversion of focal mechanisms and data from the Global Navigation Satellite System (GNSS), to carry
out a statistical analysis of the seismicity recorded from 1984 to 2021 and to correlate macroseismic
data with the stress regime. With the inversion of the focal mechanisms, we seek to obtain the main
stress axes in the area and calculate the shape factor, which is a measure of the relative magnitude
of the predominant stresses. Finally, the classification and inversion of focal mechanisms in the
study area will allow a better understanding of the seismic source, whether volcanic, tectonic or
anthropogenic.

P1.2-286 – SeismicMicrozonationMapof theChiangMaiBasin,Thailand

Author: Patinya Pornsopin1

1Earthquake observation division, Thai meteorological department

Seismic site effect is a dominant parameter of seismic hazards analysis. We present an experimental
study of microtremor data to investigate the dynamic characteristics of soil and structures at the
Chiang Mai basin, Northern Thailand. The Chiang Mai basin was constructed on terrace sediments
and alluvium sediments. The horizontal vertical spectral ratio (HVSR) analyses of ambient noise
data at 101 sites were processed and quality controlled, then interpreted for the amplification fac-
tor and fundamental resonance frequency. The results indicate that the low resonance frequency
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ranges between 0.15–0.4Hz in the middle and indented to the west of the Chiang Mai basin, which
is proximity to the location of the basin depocenter. The western edge of the basin has distinctly
low frequencies before the highland, indicating that the western edge of the basin has a steep slope.
The amplification factor ranges from three to five times in middle of the basin. We also evaluate
the shear wave velocity (Vs30) using the HVSR inversion technique, where most of the basin area
classified as site D soil (stiff soil) relative to alluvium sediments and the class C soil (very dense soil)
conform to the quaternary sediments area are located on the eastern edge of the basin.

P1.2-289 – Ground Motion Prediction Equation in Thailand

Author: Sophon Chaila1

1Thai Meteorological Department

This research is to study earthquakes strong motion. According to the fact that the factor affecting
peak ground acceleration (PGA) is distance, measurement PGA of earthquakes events were collected
and have been selected and analysed to find the ground motion prediction equation (GMPEs) in
Thailand to estimate seismic hazard or an effected area during a future earthquake in Thailand. The
equation can be used to improve the accuracy of seismic hazard maps of Thailand. From a study of
28 local earthquake events, magnitude 3.0 to 6.4 range from 10 km to 600 km from the epicenter with
465 values of data set from seismic stations. In order to make the highest R-squared (R2) of the peak
ground acceleration, the researcher has divided GMPEs into three equations according to earthquake
magnitude which are less than 4.0, between 4.0 - 4.9 and 5.0 and above. The result of R2 of the peak
ground acceleration is 86.63%, 86.17, 57.96, respectively. By comparing to six GMPEs equations in
other countries, it is found that Jain’s equation conforms to this research for all three equations.
Therefore, these equations and Jain’s equation can be used as GMPEs, as optional.

P1.2-300 – Near Surface Non-linear Material Behaviour due to Coupling of At-
mospheric Pressure and Solid Earth

Author: Richard Kramer1

Co-authors: Yang Lu1; Götz Bokelmann1

1University of Vienna

Variations in strain/stress and fluid content can change seismic velocities in the subsurface. Mon-
itoring velocity changes, e.g. using ambient seismic noise, may thus constrain these variations as
well as the material elastic properties and their non-linear behaviour. In our study we investigate
variations of seismic velocity on a short time scale. We use coda wave interferometry to inspect con-
tinuous data from the GERES array (CTBTO network) in southern Germany. This results in relative
seismic velocities (dv/v) that show temporal variations on the order of 10−4. Spectra of the veloc-
ity time series contain strong daily and sub-daily behaviour indicating that the daily and sub-daily
changes in the seismic velocity are primarily caused by the coupling of atmospheric processes and
solid earth. We also note the influence of temperature changes on daily variations, but as a second-
order effect. The explanatory model focuses on depth variations of the groundwater table, linking
atmospheric pressure (loading and de-loading the Earth’s surface) to variations in seismic velocity.
Our results highlight an important environmental influence on seismic velocity that needs to be
considered before seismic velocity variations can be used for inspecting fluid and stress variations
in situ.

P1.2-346 – Crust-Uppermost Mantle Structure Beneath the Caribbean Region
from Seismic Ambient Noise Tomography

Author: Bladimir Moreno Toiran1

Co-authors: Abdelkrim Aoudia2; Daniel Manu-Marfo2; Radia Kherchouche3; Surya Pachhai4

1CENAIS. Centro Nacional de Investigaciones Sismologicas
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2ICTP. The Abdus Salam International Center for Theoretical Physics
3USTHB. Université des Sciences et de la Technologie Houari Boumediene
4The University of Utah. Department of Geology and Geophysics

We present a new 3-D shear velocity model for the crust-uppermost mantle structure beneath the
Caribbean region from the surface down to 150 km depth. Our velocity model was derived from
joint inversion of group and phase velocity dispersion data obtained from ambient noise and earth-
quake data. The group and phase dispersion curves estimated from ambient noise were calculated
from cross-correlation using up to four years of continuous data. Perturbations in group and phase
surfaces wave velocities within a resolution of 1x1 degrees show the relevant geotectonic units in
the Caribbean plate. Plate boundaries, ocean basins, rises, rifts and microplates are well defined by
shear wave velocity impedances. The 3-D shear wave velocity inversion along profiles shows the
thickening of the crust from the ocean to continental margins. We present a new Moho interface
map with depths undulating between 11 km and 17 km beneath most parts of the sea and 25 km to 45
km below the continental areas. Low velocity zones were found in the uppermost mantle indicating
a highly laterally heterogeneous area.

P1.2-350 – Rapid Magnitude Estimation Using Local Earthquake Waveform
Data and the Application to Earthquakes in Indonesia Including the 2010Men-
tawai Tsunami Earthquake

Author: Aziz Widiarso1

Co-authors: Akio Katsumata2; Bunichiro Shibazaki3

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)
2Toyama University
3Building Research Institute of Japan

This study aims to estimate earthquake magnitude quickly using vertical component data from
Broadband seismographs for the improvement of tsunami warnings. Empirical relationships were
obtained for displacement and integrated displacement with moment magnitude. Data selection of
seismic records was done before estimating the relationships of amplitudes by observing the num-
ber of amount of data to unselect records with gaps and the maximum amplitude to eliminate spike
data. We compared the magnitudes of the formulas for displacement (MD) and integrated displace-
ment (MID). We found that MID yielded better estimates than MD. MID also produced appropriate
estimates for earthquakes with strike-slip focal mechanisms. On the other hand, for deep earth-
quakes, MD yielded a better estimate. In the case of the 2010 Mentawai tsunami earthquake, MID
produced an underestimated whereas the estimate was obtained no more than three minutes after
the earthquake origin time.

P1.2-353 – SeismicHazardAssessmentAlong theCentralRegionCoast ofGhana.

Authors: Ruth Annan1; Emmanuel Mensah1; Nelson Foli1; Edmund Okoe Amartey1; Prince Larbi1

1Ghana Atomic Energy Commission (GAEC)

Ghana is positioned far from any active plate boundaries at the southeastern part of theWest African
Craton. Elmina, Cape Coast, Saltpond, andWinneba are the four main towns located along the coast
of Central region, being one of Ghana’s sixteen regions. The seismicity in the regions are stable,
with the exception of Greater Accra, Eastern, and part of Volta region that are notable earthquake
hotspots. The Central region has been subjected to damaging earthquakes since 1615, when an
earthquake was felt in Elmina along the coast of Cape Coast. Tremors have recently been felt by
residents of the Cape Coast, specifically at the university Cape Coast campus. Though there were
no recordings at the Ghana Geological Survey to support it, verbal communication and observation
of some of their structures point to seismic activity in the area. Moreover, a compilation of data
from the International Data Centre of the Comprehensive Nuclear Test Ban Treaty Organization
reveals the recording of seismic occurrences in the Gulf of Guinea along the coast of Ghana, with
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the intensity being felt on land. The measured local magnitude (ML) ranges from 2.0 to 4.1, and the
body magnitude (Mb) ranges from 2.0 to 4.6.

P1.2-363 – AdjointWaveformTomographyModels for ImprovedMoment Ten-
sor Inversions withThree-Dimensional Greens Functions and Sparse Regional
Networks

Author: Arthur Rodgers1

Co-authors: Andrea Chiang1; Nathan Simmons1

1Lawrence Livermore National Laboratory (LLNL)

Seismicmoment tensor (MT) inversions have become an important method for characterizing source
type (e.g. earthquake, explosion, collapse), seismic moment and depth. However, these methods
commonly use average plane-layered one-dimensional (1-D) Green’s functions (GF’s). For areas
where path-specific structure is complex, 1-D GF’s cannot fit observed waveforms and source pa-
rameters from MT inversions are poorly resolved. These problems are compounded for shorter
periods and/or longer paths where structural effects accumulate. We are developing improved three-
dimensional (3-D)models on a regional- and continental-scale using AdjointWaveformTomography.
Thesemodels provide improved simulations of regional distancewaveforms comparedwith 1-Dmod-
els, particularly at far-regional distances, say > 1000 km. MT inversions using 3-D GF’s show greater
variance reductions (improved waveform fit) and smaller phase delays between observed and sim-
ulated waveforms. We have developed models for the western United States where we have good
data coverage for the tomography and ample source types to evaluate MT inversion performance.
Results for other regions and will be presented at the conference. We are particularly attuned to MT
inversions in tectonically complex parts of the world with sparse regional observations, such as the
International Monitoring System.

P1.2-394 – Seismotectonic Setting andCoulomb’s StressChange for Earthquakes
in Aswan, Egypt

Authors: Mona Abdelazim Abdallah Metwally1; Mohamed Nabil Mohamed ElGabry1; Mohamed M. Gobashy2;
Hesham Hussein1

1National Research Institute of Astronomy and Geophysics (NRIAG)
2Geophysics Department, Faculty of Science, Cairo University

Aswan is a very important city located in the southern part of Egypt, with several cultural heritage
sites and critical infrastructure, including the High Dam. The High Dam is located near one of the
most seismotectonically active zones, the Kalabsha fault zone. This zone witnessed the strongest in-
strumental earthquake in Aswan in November 1981, with Mw = 5.8. The current study aims to study
the seismotectonic setting of Aswan depending on (1) Updating the fault plane solutions catalogue
by constructing the Focal Mechanism Solution (FMS) for the earthquakes that happened in the vicin-
ity of Aswan from 2012 to 2022 (2) stress tensor inversion using the FMS. Also, it was known that
Aswan suffered from two historical earthquakes along the Kalabsha fault. In this study, Coulomb’s
stress change was estimated for these earthquakes to determine if they occurred along the Kalabsha
fault and their relation to the 1981 earthquake.

P1.2-433 – Seismic Velocity Structure of P-Wave Beneath The Java Region, In-
donesia Using Simultaneous Seismic Tomography Method: A Preliminary Re-
sult

Author: Mufti Putra Maulana1

Co-authors: Mohamad Ramdhan2; Wandono Wandono3
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1Indonesian Agency for Meteorological, Climatological and Geophysics (BMKG)
2National Research and Innovation Agency of Indonesia (BRIN)
3Indonesian School of Meteorology Climatology and Geophysics (STMKG)

Java Island is an area with high earthquake activity, one of these activities is caused by the impact of
the Indo-Australian Plate, which hits the Eurasian Plate, causing a subduction zone along Java Island.
Besides the subduction route, Java Island also has earthquake sources from active faults. This study
aims to image tectonic patterns based on the structure of wave velocity models. The data used are
the travel time of P waves from 9238 earthquakes from January 2009 to December 2020 captured by
128 seismic sensor networks. The initial velocity model used in this study is the one-dimensional (1-
D) global velocity model AK135. For the simultaneous inversion process, we used SIMULPS12 code.
The results of the tomographic inversion show several tectonic patterns. In addition, earthquakes
were detected due to volcanic activity and shallow earthquakes associated with the fault line. The
horizontal tomogram activity successfully depicts the distribution of volcanic structure under the
volcanic array in the study area. The vertical tomogram successfully depicts a slab field that sharpens
at a depth of <250 km and a partial melting structure under the volcano.

P1.2-436 – Estimating the Recurrence Periods of Earthquake in Sabah Using
the CTBTO International Monitoring System Data

Author: Muhammed Zulfakar Zolkaffly1

Co-author: Faisal Izwan Abdul Rashid1

1Malaysian Nuclear Agency

Sabah is the most seismically active state in Malaysia where it has recorded higher number of mod-
erate seismological activities for the past decades. The seismicity map of Sabah shows the presence
of two zones of distinctive seismicity, which are Ranau in Kota Kinabalu and Lahad Datu in the
southeast of Sabah. The International Monitoring System (IMS) network set-up by the Comprehen-
sive Nuclear-Test-Ban Treaty Organization (CTBTO) has successfully detected seismic events that
occurred in Sabah for the past decades. This paper aims at quantifying the recurrence periods and
probabilities of occurrence of earthquake in Sabah using the IMS seismic data. The Extreme Value
Distribution Type-I has been applied in this study to evaluate the maximum magnitude data, where
the results of analysis have enabled the quantification of recurrence periods and probabilities of
occurrence at any given earthquake magnitude. Consequently, the findings from this study could
be utilized to further assess the impact of seismic events that are certainly useful to assist relevant
entities in planning for disaster management in Sabah.

P1.2-437 – Data Assesment and Regional Seismic Travel Time (RSTT) Mod-
elling in Venezuela and the Caribbean Sea

Author: Keyla Ramirez1

1Fundacion Venezolana de Investigaciones Sismologicas (FUNVISIS)

Geophysical data has been gathered to assess these data sets to achieve reliable earthquake re-
localisation. These data would serve as input for the Regional Seismic Travel Time (RSTT ) global
model’s workflow to achieve accurate RSTT in Venezuela and the Venezuelan part of the Caribbean
Sea. Therefore, the data sets are extensive including the compilation of earthquakes, mine blasts and
seismic data shots from various seismic projects that have taken place in the last decades, which
would serve as a significant improvement in the RSTT model and the International Monitoring Sys-
tem (IMS ) data for re-localization, proposed in the area region. Most of these data sets have served
in the past for geological characterization and basin analysis within the oil exploration industry,
geohazard assessment, and local velocity model building for a better understanding of seismic risk.
However, proper data integration would allow a significant improvement, given the previous efforts
made in data integration, to achieve consistent Moho depths that best describe addressing the lateral
variations and heterogeneities within the Venezuelan crust, which would benefit improving seismic
phases picking for the National Data Center and IMS data.
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P1.2-446 – One-Dimensional Velocity Model at the Bending of the Southern
Carpathians, Inferred from the Analysis of Local Earthquakes

Authors: Raluca Dinescu1; Felix Borleanu1; Camelia Andreea Chircea1; Mihaela Popa1; Natalia Poiata2; Ioan
Munteanu3

1National Institute for Earth Physics (NIEP)
2International Seismological Centre (ISC)
3University of Bucharest, Faculty of Geology and Geophysics

The purpose of this study is to improve the hazard model and the accuracy of the Romanian earth-
quake catalogue (ROMPLUS) by determining the one-dimensional (1-D) velocity model in a complex
collision setting at the bending of Southern Carpathians. To achieve this aim, we investigate 314 low
tomoderate-sized local, crustal events (Mw 1.0 - 3.4) that occurred from 2019 to 2021. Thewaveforms
were recorded by the permanent stations of the Romanian Seismic Network (RSN) over a distance
of up to 200 km. The P and S wave travel times determined in the selected distance range were
inverted using the VELEST algorithm and the IASP91 velocity reference model. The resulting high
precision 1-D velocity model and the station corrections were further used to relocate the seismic
events recorded in ROMPLUS catalogue within the selected area. Our results provide a significant
decrease in RMS location errors and, in agreement with previous findings, show a good correlation
with local geological structure. Consequently, the relocated events place key constraints on natu-
ral seismicity patterns, representing the first step towards more detailed seismotectonic analyses.

P1.2-447 – The Contribution of the Auxiliary Seismic Station MLR in Interna-
tional Data Centre Products and Comparison of the International Data Centre
Reviewed Seismic Bulletins with the Bulletins from the National Data Centre
of Romania

Author: Camelia Andreea Chircea1

Co-authors: Daniela Ghica1; Mihaela Popa1; Raluca Dinescu1

1National Institute for Earth Physics (NIEP)

Romania’s participation in the global system of verification of nuclear experiments by seismological
means is carried out within the National Institute for Earth Physics by hosting the National Data
Centre of Romania (ROM-NDC) and operating andmaintaining the auxiliary seismic stationMuntele
Rosu (AS081, MLR) as part of International Monitoring System (IMS). The main purposes of this
study are first, to compare the reviewed seismic bulletins (REBs) produced by ROM-NDC with the
REBs produced by International National Data Centre (IDC) and second, to highlight the use of the
MLR station in IDC products for local and regional earthquakes as well as in the ISC bulletins on
a global scale. In order to achieve these goals, we are analysing seismic events with a magnitude
ML above 3.5, that occurred in 2021 on Romania‘s territory and surrounding areas, by applying
both statistical methods as well as processing and comparing the data recorded by the Romanian
Seismic Network and the IMS network for these events using the Antelope and Geotool softwares.
The comparison between IDC and ROM-NDC bulletins shows that an important percentage of such
events are commonly missed in IDC REB solutions for the events with a magnitude ML above 3.5
(approx. 50%).

P1.2-462 – Toward Macro Seismic Intensities Computation for Bolivian Earth-
quakes

Author: Mayra Nieto Canaviri1

Co-author: Gonzalo Antonio Fernandez1

1Observatorio San Calixto
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Macro seismic intensities are a key factor to support the seismic hypocenter location, moreover, this
kind of information contributes to sample the Mercalli Modified Intensities (MMI) felt in each city,
which can vary along the earthquake ray path. In our country the MMI has been collected since the
OSC-NDC foundation, however, over the last 20 years this task was discontinued due to the lack of a
collection protocol. To resolve this issue, since 2018, we re-did an intensity form so people would fill
it in. As a result, we produced visually appealing questions and provided check box options. As the
Covid-19 pandemic started and forced institutions to migrate to digital and teleworking procedures,
we implemented a digital form to fill in through tested information technologies, such as, WhatsAPP
and Google Forms. MMI computation output’s goes to a database from where the expert can draw
intensities curves and evaluate the effect along a city. The latest results proved that the new digital
form works efficiently and enhances the maps along the region that felt the earthquake.

P1.2-493 – Earthquake History in Azerbaijan and Contemporary Days: Chal-
lenges Ahead

Authors: Tair Ismailzade1; Gulam Babayev1

Co-author: Mirzali Aliyev1

1Azerbaijan National Academy of Sciences

This research presents seismic studies review through history up to contemporary days to under-
stand the behavior of earthquake occurrences in Azerbaijan and the interrelation between geody-
namics and seismicity. Azerbaijan is situated within the central part of the Mediterranean active belt
with seismicity stipulated by intensive geodynamic interrelation of Eurasian and Arabic lithosphere
plates. Azerbaijan is characterized by high seismicity with a great number of historical strong earth-
quakes with М≥6. Developments in seismological instrumentation and power systems have allowed
increasing the number of seismic stations in the country since the 2000s for high quality as well as
cost effective seismological observations. Great efforts have been directed towards developing prob-
abilistic and deterministic seismic hazard assessment standards in Azerbaijan, plotting analytical
models, graphs, maps and understanding their implications for seismic hazard and risk assessments.
Rising number of strong and damaging earthquakes in the world, growth of data and knowledge in
line with new engineering demands and needs for the operational safety for community initiated the
research of more effective approaches incorporating new multidisciplinary concepts and integrated
tools. Challenges in exploring recent innovative developments in computational techniques, numer-
ical modeling of classical and new seismology problems is further ahead in Azerbaijan.

P1.2-523 –Gravimetric Investigation ofGeological Structural Anomalies

Authors: Nishath Ranasinghe1; Charlotte Rowe1

1Los Alamos National Laboratory (LANL)

We report on advances in capabilities toward detailed three-dimensional (3-D) density evaluation of
shallow underground features. We are currently developing software to use a 3-D Geological Frame-
work Model (GFM) to predict gravitational anomalies from underground structures such as faults,
cavities or tunnels that might be detected with surface and/or subsurface gravity measurements.
This software is being built within a Python operating environment and is leveraging paralleliza-
tion capabilities of Python to accelerate the computations for large models (billions of elements)
parameterized at high resolution. The models ingested by the algorithm are built upon a grid of
right rectangular prisms with associated densities. The gravitational contribution of each prism is
estimated using the method of Nagy (1966) for each measurement position in a survey. Because the
gravitational field is a linear sum of the independent prisms for each station, the problem is well-
suited to parallelization. The goal of our development is to build an inverse capability which would
allow for iterative model adaptation based upon measured gravity in an area of interest. We present
the status of this tool and its application to gravity survey locations at the Nevada National Security
Site. LA-UR-22-31036.

P1.2-532 – Probabilistic Seismic Hazard Studies for Madagascar
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Authors: Rakotondraibe Tsiriandrimanana1; Fenitra Andriampenomanana2

1Institute and Observatory of Geophysics of Antananarivo (IOGA)
2University of the Witswatersrand

Seismic hazard assessment for Madagascar based on probabilistic analysis method (PSHA) is carried
out after determining the three main parameters such as the mean seismic activity rate (λ), the b-
value called Gutenberg-Richter value, and themaximummagnitudemmax. An earthquake catalogue
was compiled from data combined between two sets of bulletins by theMACOMO and National Data
Centre databases. Duplicate events were removed and the catalogue was homogenized to moment
magnitude (MW) scale before being declustered. A seismotectonic model for Madagascar developed
from latter studies was used for the delineation of seismic source zones. A total of seven areal
source zones were introduced in this study. Each zone is characterized in terms of its recurrence
parameters andmaximummagnitude using the homogenized catalogue. Seismic hazard calculations
were performed for a grid spacing of 0.5o x 0.5o throughout the country. The logic tree formalization
was implemented to account for uncertainties in the input parameters. The hazard values from 10%
and 2% probabilities of exceedance for 50 years are estimated with the spectral accelerations for
periods 1.0 s and 3.0 s. Relatively high hazard values were observed within the central regions of
Madagascar comparing results from previous studies.

P1.2-562 – Local Seismicity type of Kuwait

Author: Abdelaziz Khairy1

Co-authors: Hamada Saadalla2; Farah Al-Jeri1; Abdulla Al-Enezi1

1Kuwait institute for Scientific Research (KISR)
2National Research Institute of Astronomy and Geophysics (NRIAG)

The current manuscript comes to answer a controversial question: Is the local earthquake activity
in Kuwait a result of tectonic circumstances or anthropogenic? Kuwait is an oil-producing country
from which oil is extracted in many places and earthquakes occur simultaneously with the extrac-
tion of oil. Seismic activity inside Kuwait is monitored with high accuracy and continuously after
the establishment of the Kuwait National Seismic Network (KNSN) in 1997 through an ambitious
plan to study the micro-earthquake activity in Kuwait. The KNSN network recorded more than 1000
micro/minor local earthquakes. Two areas were distinguished in Kuwait in which earthquakes only
occur. The recorded earthquakes in those areas are characterized by small magnitudes and shallow
focal depths. In the current work, several modern geophysical techniques including waveform in-
version, Double-Couple and Compensated Linear Vector Dipole signatures, stress drop values, and
stress patterns have been used to distinguish between types of seismicity of different origins. The
results obtained clearly show that the earthquakes that occur in Kuwait involve tectonic and anthro-
pogenic components. This means that the local earthquakes in Kuwait occur in places that have
active network faults and are triggered by the oil extraction in these places alone.

P1.2-574 – Nonlinear Elasticity: Application to Resolve the Stress-Field Orien-
tation from Ambient Seismic Noise

Author: Yongki Andita Aiman1

Co-authors: Andrew Delorey1; Götz Bokelmann1; Yang Lu1

1University of Vienna

Crustal rocks containing cracks and other internal flaws are characterized by nonlinear elasticity, a
phenomenon that can be observed in laboratory experiments under applied stress. Stress sensitivity
of elastic moduli is associated with opening/closing of cracks under applied stress. In this study we
emulated rock laboratory protocols by measuring elastic wave speed using empirical Green’s func-
tions (probe) at different points of earth tidal strain cycle (pump) in natural pump-probe experiment
to infer the orientation of SHmax in the crust, independently from borehole measurement and earth-
quake mechanisms. We validated the approach using large data set in the Northern Alpine Foreland
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region where SHmax orientation is well-known. The approach is then applied to the Central East-
ern Alps to understand contemporary stress pattern. We confirm that the method can be applied
in large scale seismic arrays. For the validation area it resolves NNW-SSW to N-S directed SHmax
which agree with conventional methods and recent crustal stress model. Furthermore, our results
show rotation of SHmax orientation from NW-SE in the southwest of Central Eastern Alps to N-S in
the east of the Central Eastern Alps. The approach can also be applied to nuclear test sites, provided
that there are continuous seismic stations in the region.

P1.2-586 –Detection, Localization andCharacterization of the Seismicity: Deep
Learning Methods for Accuracy Improvements of Regional Seismic Bulletins

Authors: Benoit Derode1; Gonzalo Antonio Fernandez2

Co-authors: Céline Hourcade3; Jean Letort4; Laurent Bollinger5; Sebsatien Chevrot4; Stephanie Godey5; Yoann
Cano5

1University of Toulouse & Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2Observatorio San Calixto
3University of Nantes
4University of Toulouse
5Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

The recent strong densification of seismic networks and the increase of data availability from differ-
ent type of sensors/networks (low-cost, Raspberry-shake, temporary deployments with hundreds
of nodes, etc.) questions our ability to automatically and accurately detect, locate and character-
ize seismic events combining these composite and large data sets. These steps are however key
issues to monitor natural and anthropogenic seismic activity, an important goal of the CTBTO
community. Here we present a protocol/workflow that takes into account the latest advances in
deep learning methods for seismology, aiming to automatically build seismic bulletins and discrim-
inate/label events, for national needs as for scientific research. We validate this protocol/workflow
and proved its robustness to different sets of data, from the local scale of a dense seismic network
(200 nodes), to a regional scale of a temporary broadband network completed by Raspberry-shakes
(Pyrenees and Bolivian Altiplano). We show the gain reached both in terms of calculation time and
hypocentral location accuracy. The increase in accounted phase picks due to joint use of permanent/
temporary/low-cost sensors, and automatic deep learning based approaches, provides more exhaus-
tive and accurate seismic bulletins, leading to a better characterization of the regional seismicity and
allow the construction of trustable natural and anthropogenic seismic events database.

P1.2-772 – Local Site Characteristics Around the PS14-ROSC Seismic Station

Author: Patricia Pedraza Garcia1

Co-authors: Helber García1; Luisa Castillo1

1Colombian Geological Survey

The primary seismic station PS14-ROSC is located near the town of Rosal in the central part of the
eastern cordillera, close to the Colombian National Seismological Network headquarters. The signal
to noise ratio of seismic data shows low quality data. Using the power spectral densities (PSD), we
analysed changes in the seismic background noise levels in the station. We integrated microtremor
measurements with geological observations to characterize the local site effects of the station and
surrounding area in order to find an optimal place to relocate the bunker and improve the quality of
the data. We conducted miniature microtremor array measurements to estimate the S wave velocity
structure beneath the studied area. The spectral relationship of the horizontal components with the
vertical H/V allows us to estimate the fundamental period of the ground. We calculated the phase
velocity dispersion curves of Rayleigh waves using the methodologies SPAC, CCA, NC-CCA and we
inferred the shear wave velocity profiles Vs by inversion technique.
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P1.2-810 – The Mw 6.7 21 July 2021 Panama Fracture Zone Earthquake

Author: Ronnie Quintero1

Co-authors: Guillermo Alvarado2; Jiri Zahradnik3

1Observatorio Vulcanológico y Sismológico de Costa Rica, Universidad Nacional (OVSICORI-UNA)
2Instituto Costarricense de Electricidad de Costa Rica
3Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic

Seismic data collected by the Costa Rican OVSICORI-UNA seismic network is used to study the
spatiotemporal seismicity and tectonic, related with the Mw 6.7, 21 July 21:15:07, 2021 earthquake,
located in the Panama Fracture Zone, 114 km south of the Burica Peninsula. In this zone the relative
motion of the Cocos and Nazca plates, accommodates the stress mainly by right-lateral strike-slip
motion along the Panama Fracture System as supported by relocated fore and aftershocks distribu-
tion and calculated moment tensor nodal plane of the main event (strike=186º, dip=88º, rake=-152º).
The rupture evolution started from south of epicenter, moving north toward mainland, rupturing
over 45 km in length and 30 km width, reaching a maximum slip of 0.6 m.

P1.2-832 – Reimaging the Fennoscandian Microseismicity

Author: Tommi Antton Tapani Vuorinen1

Co-authors: Jennifer Hällsten1; Kati Oinonen1; Tuija Orvokki Luhta1

1University of Helsinki, Institute of Seismology

The conventional picture of the seismicity in Finland, and the rest of Fennoscandia, has been that
earthquakes are mostly individual or doublet events without fore or aftershocks. This notion of
apparent singularity is based on automatic detection and classification tools and manual analysis
workflow designed for regional events visible on multiple stations over a relatively sparse seismic
network. On the other hand, in Wyborg rapakivi batholith, located in south-east Finland, earth-
quakes have been known to exhibit a more swarm type behaviour, where a single larger – ML 1.0
to 3.0 – event can be surrounded by tens if not hundreds of smaller events above ML 0.0. In this
study, we apply a cross-correlation based event detection suite, developed for a dense array based
seismic network monitoring enhanced geothermal system in the Helsinki capital region, to various
Fennoscandian earthquakes. Using a template created from a selected earthquake, the suite is able to
identify smaller seismic events with a location and source mechanism similar to the template event.
In areas with a dense station coverage, we can detect events down to ~ML -1.0. This provides us
with an improved image on the nature of microseismicity related to the Fennoscandian earthquakes.

P1.2-872 – Comparison of Mb (IDC) to Mb (ISC) for the East Africa Region
Using the Empirical Regression Equations

Author: Gladys Kianji1

1University of Nairobi

Data collected from IRIS Reviewed Bulletin for East Africa is used to generate empirical regression
equations using orthogonal least square regression (OLSR). The regression best-fit line yields a re-
gression equation y=0.517x+ 2.1787 with R2 0.6208 for 972 events with a cut-off magnitude of 2.5.
While the R2 error is relatively high the result compare published regression equations. The slight
variations may be due to the IDC body wave calculation method. The equation bridges the data gap
where no other magnitude type is provided and allows for the extension of the seismic catalogue by
22 events not reported by any other network. Further, it helps increase our understanding of the
seismicity of the region and contributes to more representative hazard mapping.
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P1.2-874 – Seismic Tomograms of the Uppermost Subcontinetal Lithosphere
in Southern Africa Based on P Wave Arrival Times from Local, Regional, and
Mining-InducedEarthquakesRecorded by SASE and InternationalMonitoring
System Stations

Author: Tarzan Kwadiba1

Co-authors: Elisha E. Shemang1; Lara S. Wagner2; David E. James2; Mohamed F. Abdelwahed3; Dapeng Zhao4;
Jianshe Lei5; Raymond J. Durrheim6; Ame T. Selepeng1; Loago Molwalefhe1; Moikwathai Moidaki7; Rapelang E. Si-
mon7

1Botswana International University of Science and Technology
2Carnegie Institution for Science
3Geohazards Research Center, University of King Abdulaziz, Jeddah, Saudi Arabia
4Department of Geophysics, Tohoku University
5National Institute of Natural Hazards, Ministry of Emergency Management of China, Beijing, China
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Seismic tomograms of the uppermost subcontinental lithosphere (USCL) beneath southernAfrica are
key to improving knowledge of the correlation between the surface geology and velocity anomalies
in the region. The regional distribution of seismic wavespeed anomalies (SWAs) provides a means
to delineate known structural features and to find new regions of SWAs within the model space.
Delineated SWAs enable a better understanding of the relationship between SWAs and the USCL
density and thermal variations. The present study investigates the anatomy of the USCL beneath
southern Africa by tomographic inversion of absolute P wave arrival times from local, regional, and
mining-induced earthquakes recorded by 82 broadband stations of the 1997–1999 Southern Africa
Seismic Experiment (SASE) and three seismic stations of the International Monitoring System (IMS)
located in the study area. The P wave geotomograms were determined through the application of a
hybrid iterative tomographic inversion method in which travel times and ray paths are calculated
rapidly and accurately using a 3-D ray tracer, and the linearized iterative inversion utilizes the conju-
gate gradient-type LSQR algorithm. The reliability of the SWAs was assessed through checkerboard
resolution test. The geotomograms determined in the present study indicate that the P wave speed
structure of the USCL is heterogeneous across southern Africa.

O1.3 The oceans and their properties

O1.3-307 – T-waves from Kermadec Earthquakes Acquired by CTBT Hydro-
phones

Author: Tiago Oliveira1

Co-authors: Dirk Metz1; Ying-Tsong Lin2; Christos Saragiotis1; Megan Slinkard1; Mario Zampolli1; Georgios Har-
alabus1

1CTBTO Preparatory Commission
2Woods Hole Oceanographic Institution

In addition to monitoring the oceans for signs of nuclear explosions, International Monitoring Sys-
tem (IMS) hydroacoustic data have been used for a broad range of civil and scientific applications,
including the study of submarine earthquakes. This work analyses T wave signals recorded at CTBT-
IMS hydrophone station HA3 (Juan Fernández Islands, South Pacific Ocean) triggered by Kermadec
earthquakes from 2014 to 2022. These T waves present complex arrival characteristics at HA3, and
different arrivals within the duration of the earthquake signals can be identified. Earlier arrivals are
due to the conversion from seismic to acoustic waves far from the epicenter in a generation zone cov-
ering the chain of seamounts in the Louisville Ridge and the Kermadec Trench slope. Later arrivals
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are mainly due to reflected propagation paths induced by bathymetric features along the about 8000
km path from the epicentre to HA3. Although the analysed earthquakes had different magnitudes,
epicenters, and fault mechanisms, their T waves present similar arrival characteristics at HA3. A
discussion is provided on the similarity and correlation of the arrivals.

O1.3-536 – Analysis of Bathymetric Effects on Long Range Acoustic Propaga-
tion Using Two and Three Dimensional Transmission Loss Models in Signals
Generated by Airgun Arrays

Authors: Igor Prario1; Juan Domingo Gonzalez1; Edmundo Lavia1; Rui Marques Rojo1; Patricio Bos1; Silvia Blanc1

1Argentinian Navy Research Office (ARA) & UNIDEF (CONICET)

Currently, ocean acoustic models codes provide accurate predictions of sound propagation for vari-
ous realistic scenarios. However, for long range propagation of signals generated by airgun arrays,
some issues remain unsolved. Most implementations apply to isotropic sources but airgun arrays
are strongly directional. When modelling their source level, this directionality must be correctly
coupled to the computed acoustic field. Typical two-dimensional implementations don’t account for
the variability of the coupling of source energy to the sound channel due to bathymetric features in
the survey area, nor diffraction effects which often constitute a significant concern. Sound pulses
from airgun arrays generate low frequency signals that under favourable conditions are received
at the CTBT hydroacoustic stations with high signal to noise ratio. The International Monitoring
System (IMS) provides useful data to evaluate acoustic propagation and source level models when
comparing predictions with registered signals. Initial results presented at the SnT2021 as a work in
progress are deepened here through spectral and time based analyses of airgun shots recorded by
the IMS during oil and gas surveys in Argentina Basin North. A 3-D model, instead of a 2-D one,
is used for evaluating its capability of capturing bathymetric effects in the near field. Additional
techniques to account for the far field directionality are discussed.

O1.3-579 – Detection of T Waves Associated with Mid-Ocean Ridge Seismicity
Recorded by Hydroacoustic Networks: Manual Versus Automatic Approaches

Authors: Vaibhav Vijay Ingale1; Pierre-Yves Raumer1; Sara Bazin1; Jean-Yves Royer1

1Laboratoire Geo-Ocean, Technopôle Brest-Iroise

Land based networks deficit the low-magnitude seismic events associated with magmatic and tec-
tonic processes at mid-ocean ridges due to expeditious attenuation of seismic waves in the solid
Earth. However, low frequency T waves generated by such events travel over very long distances
in the sound fixing and ranging (SOFAR) channel with little attenuation and can be monitored by
regional underwater hydrophone networks. Hydroacoustic data recorded by autonomous hydro-
phones of OHASISBIO temporary network along with three permanent hydroacoustic stations of
IMS-CTBTO at Diego Garcia, Cape Leeuwin and Crozet in the Indian Ocean, is analysed to detect
magmatic and/or tectonic seismicity. Such T wave signals are commonly manually picked to deter-
mine the location and origin time of seismic events. In this way, we have scrutinized several seismic
swarms in the Indian ocean over the last 12 years. However, this process is cumbersome and its
efficiency differs from one user to another. To overcome this difficulty, we have started to develop
an automatic underwater acoustic signal processing algorithm. In a preliminary step, we tested a
supervised learningmethod by training the model on subsets of manually processed Twave catalogs.
The next step is to apply the algorithm to extended catalogs and to evaluate the completeness of the
detections.
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P1.3 The oceans and their properties

P1.3-267 –Modeling LowFrequencyAcoustical Propagation in a Shallow-Water
Wedge

Author: Piotr Borejko1

1TU Wien

In shallow-water environments long range propagation proceeds by repeated reflections from the
surface and the bottom of the channel, as is the case for underwater sound of a wide spectral range,
whose very low frequencies may propagate over large distances, without significant losses. In this
paper, a 3-D benchmark model of the fluid wedge over an elastic bottom is applied to explain low
frequency long range propagation in shallow water overlaying a sloping elastic-type seabed, such
as a sedimentary rock exhibiting rigidity. The modeling approach is based on the modified method
of generalized ray that furnishes a complete acoustic signal, thus comprised of contributions from
all of the wave motions typical for the model (not only from the source signal and the regularly
[specularly] reflected waves but also from the refracted [lateral] waves and the pseudo-Rayleigh
and the Scholte interface waves), received in order of their arrivals at a large distance from the
point source. When the source emits signals of a low frequency content, the contribution from the
Scholte waves becomes dominant at large distances. Hence, low frequency long range propagation
in a shallow-water wedge (coastal wedge) may indeed be governed by the Scholte waves.

P1.3-299 – Changes in the Noise Levels of the Indian Ocean and their Relation-
ship to Shipping Patterns

Author: Tarun Chandrayadula1

1Indian Institute of Technology Madras

Long term observations using hydrophones installed by the CTBTO in the Indian Ocean, suggest
that noise levels increased from 2002 to around 2012. Since then they have been decreasing. While
the increase in noise levels was related to growth in ship traffic, the reasons for the decrease are
not known. This paper investigates the reasons for the decrease in two steps. The first step builds
an acoustic model that uses shipping densities from the Automatic Identification System (AIS) for
several years to simulate ship positions in the Indian Ocean. The ship positions are then used to
model the low frequency noise levels due to cargo and tanker traffic. The second step further incor-
porates other inputs in the model, such as potential changes in ship velocities, and observations of
long term oceanographic changes to investigate the drift in noise levels. Preliminary results suggest
that a potential decrease in ship speeds is the reason for the reduction in noise levels.

P1.3-349 – Historical Tsunami in Eastern Mediterranean

Authors: Mohamed Nabil Mohamed ElGabry1; Asem Salama1; Hany Mohammed Hassan ElSayed1

1National Research Institute of Astronomy and Geophysics (NRIAG)

The eastern Mediterranean Basin was always the main trade route and cultural exchange between
the old-world continents. Being centered in the middle of the three continents, the region is often
referred to as the cradle of civilization. Meanwhile, it has suffered several catastrophic events, in-
cluding earthquakes and Tsunamis. Due to its populated coasts, the possibility to record damage and
casualties provided one of the longest historical tsunami and earthquake catalogues in the world. In
this paper, we investigate the coastal deposits to find high energy deposits and correlate them to the
historical tsunami catalogue to provide insights into the size and impact of such events. The results
showed a strong impact of large tsunamis from the Hellenic arc on the Egyptian coasts but also left
open questions about possible unrecorded tsunamis in our historical catalogues.
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P1.3-435 – Anthropogenic Noise in the sea: The Mediterranean Sea Versus
Ocean Basins

Author: Ingo Grevemeyer1

1GEOMAR Helmholtz Centre for Ocean Research

Anthropogenic noise pollution may mask natural sounds, which are fundamental to survival and
reproduction of wildlife, especially for marine cetaceans as they are highly dependent on underwater
sounds for basic life functions. In the 21st century, shipping in the ocean has increased significantly
and causes low frequency (10–100 Hz) noise which affects or hinders vital communication of large
baleen whales at 15 to 30 Hz. Noise in the ocean has been monitored as a byproduct by International
Monitoring System stations of the CTBTO. However, elsewhere for example at ocean gateways or in
marginal seas little is known about the soundscape. Here, we report long term and short term low
frequency noise measurements from Gibraltar, the gateway into the Mediterranean Sea and from
the Pelagos Sanctuary, a Marine Protected Area, in the Ligurian Sea, Mediterranean. Ambient noise
is derived from calibrated moored ocean-bottom-hydrophones deployed for earthquake monitoring
and seismic campaign work. Observations are compared to noise levels in the range of 1 to 100 Hz
as revealed at CTBTO monitoring sites in the Atlantic, Indian and Pacific Ocean. Most profoundly,
noise levels in the Mediterranean and near Gibraltar are significantly higher by up to 20 dB at 40 Hz
when compared to the open oceans.

P1.3-515 – Hydroacoustic Modeling in a Rapidly Evolving Arctic Ocean

Authors: Siobhan Niklasson1; Susan Bilek2

Co-authors: AndrewRoberts1; Charlotte Rowe1; MatthewDzieciuch3; MilenaVeneziani1; PeterWorcester3; Stephen
Price1

1Los Alamos National Laboratory (LANL)
2New Mexico Institute of Mining and Technology
3University of California San Diego (UCSD)

TheArctic Ocean is rapidly warming. The hydroacoustic environment will be impacted by the chang-
ing thermohaline structure, increased marine traffic, changes in sea ice coverage, and possible in-
creases in microseism/storm noise. This will inevitably lead to obsolescence for today’s ocean acous-
tic models. The only sophisticated way to make predictions is using decadal to centennial integra-
tions of fully coupled Earth system models (ESMs). At the Los Alamos National Laboratory we are
working to create the first version of an ESM, the Department of Energy’s Energy Exascale Earth Sys-
tem Model (E3SM), capable of driving an acoustics model in a rapidly evolving Arctic Ocean. Here
we analyse existing E3SM simulations to investigate howwell we currently capture water properties
for the upper 1000 m of the Arctic water column, including changes that could impact acoustic wave
propagation. We present preliminary results of model validation against temperature and salinity
observations from ice-tethered ocean profilers. The goal of this effort is to provide boundary ocean
conditions to the acoustic model, to enable quantification of the ocean acoustic implications of cli-
mate change as well as to create a climate aware atlas of global acoustic noise and propagation
adjustments for non-proliferation signal detection.

P1.3-516 – Comparison of Ambient Noise Between Ocean-Bottom Seismic Net-
works

Author: Siobhan Niklasson1

Co-authors: Charlotte Rowe1; Susan Bilek2

1Los Alamos National Laboratory (LANL)
2New Mexico Institute of Mining and Technology
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Seismic sensors have traditionally been largely restricted to on-land installations, yet the oceans
comprise roughly 70% of the Earth’s surface. Coupled with heterogeneous distribution of seismic-
ity, this results in many regions being poorly sampled for Earth model development, and poorly
monitored for detection of natural and anthropogenic seismic sources. To mitigate this deficiency,
extending our seismic measurements and observations into the oceans is an important future direc-
tion in seismology. Sea floor seismic sensing maymitigate manymonitoring issues from a geometric
perspective, but the ambient noise level recorded by ocean-bottom seismometers (OBS) is in general
much higher than the ambient noise levels on land. Details of the sea floor noise regime are not well
described, and to exploit the broadest regions for potential instrumentation, we must characterize
the noise environment to aid in selection of sites for permanent sensors. We present a preliminary
comparison of seafloor seismic noise at several temporary sea floor deployments, located in different
parts of the global ocean. We detail how noise varies as a function of oceanographic, meteorological,
and other dynamic variables at these sites. Our aim is to eventually develop a worldwide dynamic
sea floor seismic noise model to guide us in optimizing future deployments for seismic monitoring.

P1.3-534 – Extending the Boundary Element Method to Three-Dimensional
Acoustic Propagation Problems in the Ocean

Authors: Edmundo Lavia1; Juan Domingo Gonzalez1

1Argentinian Navy Research Office (ARA) & UNIDEF (CONICET)

Recently, some efforts have beenmade to apply the Boundary ElementMethod (BEM) to propagation
problems in shallowwaters, motivated by its neat mathematical formulation and the fact that, unlike
other 3-D methods, only 2-D boundary integration is required. However, its chances of becoming
a real competitor in the area are undermined by the large sizes of the discretized computational
boundaries and by the inhomogeneities in the wave equation resulting from the non-uniform sound
speeds that any realistic ocean description requires. Here, we present and discuss results concern-
ing a BEM formulation aimed at predicting sound propagation in an ocean environment of arbitrary
bathymetry. A marching scheme is considered so that only a fraction of the total computational do-
main (the bathymetry) needs to be handled at once thus providing an affordable way to tackle long
range propagation problems. The parameters required for an appropriate domain partition crucially
depend on the features of the bathymetry, involving in general an irregular step size. Additionally,
a set of theoretical integral equations are presented that take into account the sound speed inhomo-
geneities by using surface and volume potentials. Finally, the numerical schemes obtained from this
theoretical formulation are shown, as well as some implementation details.

P1.3-552 – Determining Crustal Attenuation With Seismic T Waves in South-
ern Africa

Author: Yong Zhou1

Co-authors: Xiaofei Chen2; Sidao Ni3; Yunyi Qian4; Yayun Zhang1; Chuanhai Yu1; Qiu Zhong1; Tingting Zheng1;
Min Xu1

1South China Sea Institute of Oceanology, Chinese Academy of Sciences
2Southern University of Science and Technology
3Institute of Geodesy and Geophysics, Chinese Academy of Sciences
4Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences

Crustal attenuation structures obtained at high frequencies (>1 Hz) are important for seismic risk
assessment and geodynamics studies in stable continents. However, it is difficult to infer attenua-
tion in low seismicity regions using body and surface waves. In this study, we explore the potential
of using seismic T phases to constrain the crustal attenuation. We analysed the characteristics of T
waves recorded on the seismic array deployed in southern Africa. The converted station-side T-P
and T-S phases were identified by analysing the waveform, travel time, polarization, and frequency-
wavenumber features. The distinct differences in polarization and slowness are used to quantify
contributions from T-P and T-S conversions. The inverted frequency dependent Qp and Qs (attenua-
tion factor of local P and S waves, respectively) in the southern Africa are found to be 204f^1.48 and
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685f^0.53, respectively. Our method could be extended to infer crustal attenuation features near the
coasts of other continents.

P1.3-566 – Continuous Analysis of International Monitoring System Hydro-
phone Array Signals for the Detection of Submarine Volcanic Activity

Author: Satoru Tanaka1

Co-authors: Masayuki Obayashi1; Masaru Nakano1; Tomoya Nakajima1; Junko Yoshimitsu1; Dirk Metz2

1Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
2CTBTO Preparatory Commission

International Monitoring System hydrophone stations are useful for the monitoring of submarine
volcanic activity, especially in the western Pacific Ocean. Therefore, we started to routinely anal-
yse the signals of triplet H11S, located off the coast of Wake Island, from July 2022 onwards. The
SeedLink server of the Incorporated Research Institutions for Seismology (IRIS) provides the data;
the SeisComP5 software is used for access and storage in daily mseed files. We process one-day
hydrophone data as follows: 1. Removing the instrument response, 2. Band-pass filtering of the
waveforms (4-8 Hz), 3. Semblance analysis to determine the incoming direction and apparent veloc-
ity across the triplet per 10-s time window, using intervals of 1° and 0.002 km/s (1.45 to 1.55 km/s),
respectively, 4. The results are posted on our internal website. The obtained maximum semblance
values typically vary from 0.5 to 0.9, and only values ≥ 0.7 are interpreted to be significant.

P1.3-738 – Retrieval of Sea Surface Current using Himawari-8 SST Data and
Particle Image Velocimetry Method in the Flores Sea

Author: Kadek Setiya Wati1

Co-authors: I Wayan Gede Astawa Karang2; Takahiro Osawa3

1Indonesian Agency for Meteorology Climatology and Geophysics
2Udayana University
3Center for Research and Application of Satellite Remote Sensing (YUCARS) Yamaguchi University, Japan

Surface ocean currents are important maritime weather parameters because they influence both
human activity and the global climate. In Indonesia, real time observations of surface ocean currents
are currently made using HF-Radar installed in two locations, one of which is the Flores Sea. Because
observational data is still scarce, efforts to provide surface ocean current data are required. One of
the techniques used is the use of Himawari-8 geostationary satellite data on Sea Surface Temperature
(SST). Particle Image Velocimetry (PIV), which is based on the cross-correlation technique, was used
to calculate surface ocean currents from Himawari-8 SST data. The short term analysis of Himawari-
8 SST in the Flores Sea during the northern summer shows
a high SST with values reaching 31 ̊C, especially around the north coast of Flores Island. Meanwhile,
the south coast of Flores Island shows a low SST with a value of less than 26 ̊C. The direction of
movement of surface ocean currents in the Flores Sea varies with the dominant direction towards
theWest according to the synoptic wind direction where the Australian monsoon occurs. Validation
with HF radar data shows a similar pattern of ocean currents with a correlation value of up to 0.6.

P1.3-802 – ARecent Episode of Submarine Volcanic Activity in the South Sand-
wich Arc – Insights from International Monitoring System Hydrophone and
T Phase Station Data

Authors: Dirk Metz1; Paulina Bittner1; Isobel Yeo2; Tiago Oliveira1; Julien Vergoz3; Wolfgang Sommerer1; Mario
Zampolli1; Georgios Haralabus1
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1CTBTO Preparatory Commission
2National Oceanography Centre
3Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

We present a recent example for the civil and scientific application of International Monitoring
System (IMS) hydroacoustic data. On 24 April 2022, IMS stations detected a cluster of impulsive,
seismoacoustic events in the South Sandwich Arc, a volcanically active chain of remote islands and
seamounts in the southern Atlantic Ocean. Preliminary results from automated and interactive anal-
ysis of hydrophone and T phase station data suggest that these events, which occurred over a period
of less than two hours and which were preceded by at least two hour-long episodes of low level
tremor, are likely volcanic in nature, and originated at or near one of several recently discovered
seamounts offshore Candlemas and Saunders Island. Our findings are consistent with waveform
data gathered by non-IMS stations as well as satellite observations and further highlight the poten-
tial of the IMS hydroacoustic network for detecting and studying submarine volcanic activity in
some of the most remote regions on the planet.

P1.3-858 – Improvements to Hydroacoustic Processing UtilizingThree-Dimen-
sional Ocean Acoustic Propagation

Author: Kevin Heaney1

Co-authors: Emanuel Coelho1; Mark Prior2; Tiago Oliveira3; Christos Saragiotis3; Mario Zampolli3; Georgios
Haralabus3

1Applied Ocean Sciences
2TNO
3CTBTO Preparatory Commission

In support of the Comprehensive Nuclear-Test-Ban Treaty, the International Monitoring System
(IMS) has implemented a set of deep water open ocean hydroacoustic stations for monitoring (detect-
ing and localization) any nuclear tests. As acoustic propagation satisfies the acoustic wave equation
sound is subject to three-dimensional effects (refraction, diffraction, reflections) when in the pres-
ence of horizontal gradients due to bathymetry, oceanography or the presence of continents. The
current processing system ignores these effects (using in-plane propagation for all acoustic paths)
and has large error bars in azimuth for event association. In this work, a set of acoustic propagation
codes are being used to integrate 3-D propagation into the automated event localization algorithm as
well as into the IMS analyst work flow. A summary of the acoustic models as well as demonstrations
of observed 3-D phenomenon for large underwater events will be presented as well as a programme
plan to update the IMS processing approach.

O1.4 Multidisciplinary studies of the Earth’s subsystems

O1.4-085 – The 2022 Hunga Volcano Eruption from the Multi-Technological
Perspective of CTBT Monitoring

Author: Stefanie Donner1

Co-authors: Andreas Steinberg1; Christoph Pilger1; Dorothee Rebscher1; Eva P. S. Eibl2; J. Ole Ross1; Johanna
Lehr3; Lars Ceranna1; Patrick Hupe1; Peter Gaebler1; Sebastian Heimann2; Thomas Plenefisch1

1Federal Institute for Geosciences and Natural Resources (BGR)
2Institute for Geosciences, University of Potsdam
3Federal Institute for Geosciences and Natural Resources
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The explosive eruption of the Hunga Volcano on 15 January 2022 provided an ideal test case for
reviewing established methods to analyse source processes, especially because the key task of dis-
criminating different kinds of explosive sources such as a nuclear test and a volcano eruption can be
challenging. Standard techniques were applied to analyse critical events in the frame of the CTBT,
i.e. all three waveform technologies (seismology, infrasound, and hydroacoustic) and atmospheric
transport modelling of radionuclides. The potential of standard analysis methods to discriminate a
source were assessed. This paper shows that the methods applied work well to identify, investigate,
and discriminate a critical event. During discrimination it was not only possible to exclude a shear-
source (i.e. earthquake) but also distinguish the volcanic explosion in contrast to a human-made
explosion. However, some tasks remain difficult with the available methods. These tasks include
the estimation of the strength of a non-shear event and thereupon a yield estimation of a possibly
critical event. In addition to evaluating these methods, the results were related with specific phases
of the eruption process providing a more detailed insight into what happened.

O1.4-514 – International Monitoring System Observations of Infrasound and
Acoustic Gravity Waves Produced by the January 2022 Volcanic Eruption of
Hunga, Tonga: A Global Analysis

Author: Julien Vergoz1

Co-authors: Alexis Le Pichon1; Christoph Pilger2; Constantino Listowski1; Emanuele Marchetti3; Lars Ceranna2;
Milton Garces4; Nikolai Shapiro5; Patrick Hupe2; Peter Gaebler2; Philippe Labazuy6; Piero Poli5; Quentin Brissaud7;
Rodrigo De Negri8; Sven Peter Nasholm7; Pierrick Mialle9

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2Federal Institute for Geosciences and Natural Resources (BGR)
3University of Firenze (UNIFI)
4Infrasound Laboratory, University of Hawaii
5Université Grenoble Alpes
6Université Clermont Auvergne
7Norwegian Seismic Array (NORSAR)
8University of California, Santa Barbara
9CTBTO Preparatory Commission

The 15 January 2022 Hunga, Tonga, volcano’s explosive eruption produced the most powerful blast
recorded in the last century, with an estimated equivalent TNT yield of 100–200 megatons. The
blast energy was propagated through the atmosphere as various wave types. The most prominent
atmospheric wave was a long period (>2000 s) surface guided Lamb wave with energy comparable to
that of the 1883 Krakatoa Lamb wave; both were clearly observed by pressure sensors (barometers)
worldwide. Internal gravity, acoustic gravity, and infrasound waves were captured in great detail
by the entire infrasound component of the International Monitoring System network with periods
from ~1 h to a few Hz. Such atmospheric waves and selected barometers near the source provide
insight on Earth’s impulse response at planetary scales. Infrasound waves (<300 s period) were seen
to circumnavigate the Earth up to eight times. Seismic, hydroacoustic and tsunami waves were
also clearly captured by the seismic and hydroacoustic components of the International Monitoring
System network.

O1.4-540 – Infrasound Observations of the 22 September 2020 Earth-Grazing
Fireball

Author: Elizabeth Silber1

Co-authors: Daniel Bowman1; Miro Ronac Giannone1; Sarah Albert1

1Sandia National Laboratories (SNL)

Meteoroids larger than about 10 cm in diameter produce shockwaves upon entering dense regions
of the Earth’s atmosphere, where the local Knudsen number corresponds to the continuum flow
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regime. Shockwaves generated by the hypersonic flight and fragmentation of meteoroids decay to
low frequency sound (infrasound). Given desirable propagation conditions and sensor availability,
meteoroid generated infrasound can be detected by microbarometers at large distances. As such, me-
teoroids serve as a natural laboratory for high altitude sources of infrasound and provide valuable
ground truth information that otherwise would not be available. Earth grazers are a rare class of
meteoroids; these objects enter at a very shallow angle and traverse the upper regions of the atmo-
sphere, producing a luminous path spanning as much as several hundreds of kilometers. Unless they
completely ablate or slow down to fall down to Earth, Earth grazers exit back into space at a slower
velocity and an altered orbit. While direct observations of Earth grazers are extremely uncommon,
detection of infrasound generated by such objects is even more scarce. We report infrasound de-
tection and analysis of a rare horizon-to-horizon Earth grazer event that occurred over northern
Europe on 22 September 2020. SNL is managed and operated by NTESS under DOE NNSA contract
DE-NA0003525.

O1.4-875 – Transformation of the Formof Pressure Signal fromTongaVolcano
with Increasing Distance from it

Author: Igor Chunchuzov1

Co-authors: Sergey Kulichkov1; Oleg Popov1; Vitaly Perepelkin1

1A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences

A propagationmodel for atmospheric pressure signal generated by the eruption of the Hunga-Tonga-
Hunga-Haʻapai volcano (hereafter abbreviated as Tonga) is proposed. The model is used to explain
the changes in the wave form of the observed signal with increasing distance from the volcano. The
model is based on the solution of the linearized Korteweg de Vries (KDV) equation, which describes
the change in the wave form of the Lamb wave as a function of distance from the source. The
model signals are obtained as a superposition of the Lamb wave and the acoustic modes calculated
by parabolic equation method for three infrasound stations (IS22, IS24, and IS30). These signals
are compared with the observed signals The energy of the volcanic eruption is estimated from the
pressure amplitude and characteristic duration of the signal. This work is supported by RSF grant N
21-17-00021.

P1.4 Multidisciplinary studies of the Earth’s subsystems

P1.4-053 –Detection of Infrasound Sources usingArrayData from 2019 to 2021
Deployed at the Lützow-Holm Bay Region, Antarctica

Author: Masaki Kanao1

1National Institute of Polar Research

Time-space variations of infrasound source locations from 2019 to 2021 were studied using a com-
bination of two local arrays in the Lützow-Holm Bay (LHB), Antarctica. The local arrays deployed
at two outcrops clearly detected temporal variations in frequency content as well as propagating
directions during the three years. A large number of infrasound sources were detected and many of
them located in N-NW directions from the arrays. These source events were generated within the
Southern Indian Ocean to the northern part of LHB with frequency content of a few seconds; that is
the microbaroms from oceanic swells. From austral summer to fall season, many infrasound sources
orientation are determined to be north-eastward direction. These sources might be related to the
effect of katabatic winds of the continental coastal area. Furthermore, several sporadic infrasound
events during winter seasons had predominant frequency content of a few Hz, which are clearly
higher than microbaroms. On the basis of a comparison with sea-ice and glacier distribution form
MODIS satellite images, these high frequency sources were considered to be cryoseismic signals
associated with cryosphere dynamics. In this regard, infrasound could be a useful tool to monitor
surface environment involving climate change in the coastal area of Antarctica.
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P1.4-112 – On the Infrasound Emission Generated by Large Wind Turbines

Author: Lars Ceranna1

Co-authors: Christoph Pilger1; Peter Gaebler1; Patrick Hupe1; Gernot Hartmann1; Andreas Steinberg1

1Federal Institute for Geosciences and Natural Resources (BGR)

Aerodynamic infrasonic signals generated by large wind turbines can be detected by highly sensitive
micro-barometers showing spectral peaks at the blade passing harmonics, which are above the back-
ground noise level. As infrasound is one of the four verification technologies for the compliances
with the Comprehensive Nuclear-Test-Ban Treaty, decreases in detection capability for dedicated
infrasound arrays have to be avoided. Therefore, for BGR preventing such decrease is particularly
important for IS26 and IS27, which are International Monitoring Stations infrasound arrays and have
to meet stringent specifications with respect to their infrasonic ambient noise levels.
In 2004, infrasonic signatures of a single horizontal-axis wind turbine were measured during a field
experiment. As one of the results, a minimum distance to wind turbines for undisturbed recording
conditions at infrasound array IS26 was estimated based on numerical modelling, validated with
this dataset. Nevertheless, for broadening the dataset further infrasound measurements at two wind
parks with modern large wind turbines have recently been carried out. Here various instruments
(micro-barometers, microphones, pressure sensors) have been deployed in a comparative manner.
An overview of these campaigns is given followed by first results of analysis and interpretation.

P1.4-272 – End to endNumerical Simulation of aComet’s Reentry, Impact, Cra-
tering, Fireball and Cloud Generation: Local and Global Consequences

Author: Souheil Ezzedine1

1Lawrence Livermore National Laboratory (LLNL)

Simulations of a 1 to 2 km comet striking Earth on solid ground and on ocean waters have been
conducted. Models include hydrostatic equilibrium profiles of temperature, pressure, and densities
for atmosphere and ocean, in order to accurately predict impact consequences. Phase changes, such
as melting and vaporization, combined with the material’s tensile, shear, and compressive strength
responses, under high temperature and high strain conditions, along with anisotropic responses, are
considered in greater detail than in previous work. Our simulations illustrate the erosion of the
comet and the creation of a dusty tail, the breakup of the comet into fragments, the erosion of some
of the fragments, and the survival of others. The reentry of fragments into the stratosphere and their
flattening is also demonstrated. For the first time, we present results of an integrated simulation of
water and ground impact, the resulting crater formation, fireball evolution and cloud generation
and transport of dust and debris to hundreds of kilometers from the impact site. We illustrate the
seismoacoustic signature of an asteroid impacting Earth. Computations were conducted on LLNL
HPC using SME++ framework developed over the last 7 years.

P1.4-472 – Timing Statistics of theMultiple Passages of the PressureWaveGen-
erated by the 2022 Hunga Tonga- Hunga -Ha’apai and Comparison with the
1883 Krakatoa Pressure Wave

Author: Ronan Le Bras1

Co-authors: Gerard Rambolamanana2; Paulina Bittner2

1Former CTBTO Preparatory Commission
2CTBTO Preparatory Commission

The Hunga Tonga - Hunga Ha’apai (HTHH) eruption of 15 January 2022 was an exceptional event
by the period, magnitude, and duration of propagation of the atmospheric waves it generated, cir-
cling the globe multiple times. Even though several volcanic eruptions in the past 150 years era of
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scientific instrumentation generated notable barometric disturbances, the HTHH eruption is com-
parable only to the Krakatoa eruption of 1883 by the magnitude of the atmospheric pressure waves
that it generated. The very energetic Mt Pinatubo eruption of 1991 did not produce pressure waves
of the same period and magnitude as the Krakatoa or HTHH eruptions. An analysis of the timing of
the multiple passes at barometric stations is reported in Symons (1888) for the Krakatoa. Since the
HTHH event gave rise to the only pressure wave to have circled the Earth’s atmosphere multiple
times in the last 139 years, it is of interest to perform similar timing statistics on the multiple pas-
sages at stations that recorded them. A review of the Krakatoa analysis and a comparison with the
HTHH are presented, with possible implications for the changes in the global state of the atmosphere
during the interval between the two events.

P1.4-482 – Integrated Analysis Based on all-sky Cameras and Infrasonic Array
for the Characterization of Small Fireball Events

Author: Giacomo Belli1

Co-authors: Daniele Gardiol2; Dario Barghini2; Duccio Gheri1; Emanuele Marchetti1

1University of Firenze (UNIFI)
2INAF – Osservatorio Astrofisico di Torino

The entry meteoroids and meteorites into the earth’s atmosphere is a powerful source of infrasonic
waves. The generated infrasound can be recorded at the ground and, using an array of sensors, char-
acterized in terms of wave parameters, indicative of the source and its position. This study presents
the integrated analysis of ~15 small fireball events based both on images of the all-sky cameras of the
PRISMA meteor surveillance network and on the infrasonic data recorded at two infrasonic arrays
deployed by the University of Florence in Northern and Central Italy. Thanks to the analysis of the
light signals recorded by multiple all-sky cameras, the detected events were physically characterized
in terms of time of occurrence, observed optical trajectory and pre-atmospheric speed, mass, dimen-
sions and kinetic energy. Using the occurrence time provided by the all-sky cameras, the recorded
signals, analysed through array processing, are back-propagated using ray-tracing techniques to re-
construct the infrasound propagation, locate the fireball event and reconstruct its trajectory.
Finally, the optically derived parameters are compared with the infrasonic amplitude retrieved at the
source and with the frequency content of the recorded infrasonic signals, to investigate the potential
of using infrasound to reconstruct the energy of the meteoroid events.

P1.4-487 –High Precision Characterization of Seismicity from the 2022Hunga
Tonga-Hunga Ha’apai Volcanic Eruption

Authors: Jonas Kintner1; William Yeck2; Paul Earle2; Stephanie Prejean2; Jeremy Pesicek2

1Los Alamos National Laboratory (LANL)
2United States Geologic Survey (USGS)

The earthquake swarm accompanying the January 2022 Hunga Tonga-Hunga Ha’apai (HTHH) vol-
canic eruption includes many post-eruptive moderate magnitude seismic events and presents the
unique opportunity to use remote monitoring methods to characterize and compare seismic activity
to other historical caldera-forming eruptions. We compute improved epicentroid locations, magni-
tudes, and regional moment tensors of seismic events from this earthquake swarm using regional
to teleseismic surface wave cross correlation and waveform modeling. Precise relative locations of
91 seismic events derived from 59047 intermediate period Rayleigh and Love wave cross correlation
measurements collapse into a small area surrounding the volcano and exhibit a southeastern time
dependent migration. Regional moment tensors and observed waveforms suggest that these events
are a similar mechanism and exhibit a strong positive CLVD component. Precise relative magni-
tudes agree with regional moment tensor MW estimates, while also showing that event sizes and
frequency increase during the days after the eruption, followed by a period of several weeks of less
frequent seismicity of a similar size. Our analysis of the HTHH eruption sequence demonstrates
the value of potentially utilizing teleseismic surface wave cross correlation and waveform modeling
methods to assist in the detailed analysis of remote volcanic eruption sequences.
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P1.4-584 – Hydroacoustic SignalsConverted at Coastal International Monitor-
ing System Stations

Author: Paulina Bittner1

Co-authors: Moulay Ali Kasmi1; Sherif Ali1; Marcela Villarroel1; Ivana Jukic1

1CTBTO Preparatory Commission

The hydroacoustic International Monitoring System (IMS) network was designed to detect under-
water nuclear explosions. Two types of stations belong to this network. Six of them record signals
with hydrophone triplets placed in the Sound Fixing and Ranging (SOFAR) channel. Remaining five
are T phase, seismic stations which detect hydroacoustic signal converted to seismic wave at a steep
shore slope. T phase stations measure arrival time but, unlike in case of hydrophone stations, do not
provide other detection parameters (i.e. azimuth estimate). Analysts consider correlation with sig-
nals at other stations or observations for similar events to include T phase station detections in event
solutions. Hydroacoustic signals generated by large magnitude seismic events are also observed at
coastal seismic or infrasound IMS stations, which are configured to measure detection parameters,
i.e. azimuth, or slowness. Correct identification of such signals will help analysts to include them
in International Data Centre bulletins. Investigation of these additional hydroacoustic data will also
allow to estimate whether detection parameters can increase confidence in correct associations of T
phase station detections.

P1.4-587 – Seismoacoustic Monitoring of Wind Turbines Around a Proposed
Einstein Telescope Site

Authors: Shahar Shani-Kadmiel1; Bjorn Vink2; Jelle Assink1; Läslo Evers1; Frank Linde3

1Royal Netherlands Meteorological Institute (KNMI)
2Antea Group
3Nikhef (National Institute of Subatomic Physics)

Wind turbines emit vibrations due to the rotation of the blades and the movement of the tower. Vi-
brations radiated from wind turbines are known to interfere with operational seismoacoustic mon-
itoring of natural and induced seismicity. Additionally, the contribution of such vibrations to the
ambient seismoacoustic noise field can significantly hinder the performance of sensitive optical sys-
tems. One such example is the Einstein Telescope, a subsurface gravitational-wave detector, cur-
rently under development. The sensitivity of the Einstein Telescope is strongly affected by the am-
bient seismoacoustic noise field. To characterize the noise generated by wind turbines in the region
of interest, we deployed five seismic mini-arrays west of the Aachen wind park and recorded the
ambient seismic field over the course of 35 days. In addition to analysing the power spectral density
at each station, we employ array-processing techniques to identify and characterize various sources
in the region. Our analysis indicates that the amplitude of distinct spectral peaks decreases as a
function of distance from the wind park. Additionally, we found that the amplitude, of the entire
spectrum, but specifically of these spectral peaks is in correlation with wind speed.

P1.4-733 –The Volcanic Ash Dispersion Simulation of Huge Volcanic Eruption
with the PUFF LagrangianMethod : A case Study of Tonga Eruption 15 January
2022

Author: I Kadek Nova Arta Kusuma1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

The PUFF Model is a volcanic ash dispersion model used in Indonesia to help predict the distribu-
tion of volcanic ash for aviation safety purposes. This model uses the Lagrangian method taking
into account wind, diffusion, and gravity parameters. The eruption of Mount Tonga on 15 January
2022 with a volcanic explosivity index (VEI) of 5 which exceeded Galunggung 1982 and Kelud 2014
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is an interesting phenomenon to study with the PUFF model because of the relatively large distribu-
tion of ash eruptions. Volcanic eruptions with VEI >= 3 have different characteristics from VEI <3
which often occur in Indonesia. The simulation is carried out by changing the value of the diffusion
parameter in the model and comparing it with satellite imagery to find a suitable value for a large
type of eruption. It was found that increasing the value of the diffusion coefficient can increase the
accuracy of the distribution of volcanic ash. The accuracy of the volcanic ash distribution area is
very significant for flight safety.

P1.4-792 – Data Analysis of the Hunga-Tonga-Hunga-Ha’apai Eruption and
Mauna Loa Eruption with Three International Monitoring System Technolo-
gies

Author: Yasameen Hameed Shamkhi1

1Iraqi National Monitoring Authority

Theeruption of theHunga-Tonga-Hunga-Ha’apai volcano on 15 January 2022was the largest recorded
since the eruption of Krakatoa in 1883. The eruption triggered tsunami waves of up to 15m which
struck the west coast of Tongatapu, ‘Eua and Ha’apai.
In this work we analyse data of this event. With a magnitude of mb 4.2 at 04:14:59 UTC, the eruption
was detected by the three International Monitoring System (IMS) technologies. This work includes
data analysis with the HA11 and HA3 hydroacoustic stations with the integration of the location
of the event with the seismic and infrasound data of the stations close to the event. In addition we
analyse signals related to the Mauna Loa eruption from infrasound, seismic and hydroacoustic IMS
stations, which detected an event located in Hawaii, USA, 28 November 2022 at 08:56 UTC.

P1.4-795 – Seismoacoustics Wavefield Generated by the Beirut Explosion: An
Application of the UnfittedHybridizable Discontinuous GalerkinModel

Authors: Laurent Guillot1; Romain Mottier1; Gael Burgos1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

Understanding and predicting seismoacoustic waveforms may be a real conundrum, depending on
the complexity of the source term, but also on the geological features a wavefield is propagating
through. Transmission of elastic energy (i.e. coupling) between the solid Earth and fluid layers
(atmosphere, ocean) can bring a wealth of information about the characteristics of a source, but may
be highly dependent on the geological settings (topography). To overcome these challenges, two
numerical tools are presented that can deal efficiently with the propagation of elastic wavefields in
complex media. The first is an extension of the now classical finite spectral-element method (SEM)
to the so-called hybridizable discontinuous Galerkin (HDG) model. The HDG-formulation allows
to mitigate meshing constraints inherent to the SEM at a reasonable numerical cost, by introducing
hybrid and nonconforming meshes. Also implemented in the HDG software, the second tool goes
further, in the sense that without any loss of numerical convergence, material interfaces need not
fit element boundaries, which is the classical paradigm in finite element methods; one coins these,
unfitted or cut (finite) elements. Both tools are applied to simulate the accidental Beirut explosion
and help to understand seismic conversions in the near-field of the source and receivers.

P1.4-796 – Acoustic Data Analysis of the Tonga Submarine Volcanic Eruptions
in January 2022

Author: Uchenna Onwuhaka Madu1

Co-authors: Awwal Bisallah1; Chad Chinaemelu Anyaegbu1

1Nigeria Atomic Energy Commission (NAEC)
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One of the sources of acoustic signals is underwater volcanic eruptions. Climatic phase of such
underwater eruptions results in an ash cloud being ejected into the stratosphere thus generating
infrasound signals while at the same time generating acoustic signals. The active volcano in Hunga
Tonga-Hunga Ha’apai (HTHH) one of the Tonga Island groups erupted violently on 15 January 2022
triggering tsunamis. International Monitoring System (IMS) infrasound and hydroacoustic stations
recorded the event from the foreshock to aftershock. Submarine and subaerial components were
identified in the study of acoustic signals obtained from these IMS stations. A complex source se-
quence was detected by the stations analysed during the eruption phase. DTK-GPMCC was used
to study the wave properties with the time frequency bands at lower frequency (0.001-1Hz). The
wave parameters of back-azimuth, frequency, the root-mean-square amplitude, and the apparent
velocity were calculated. Result of the event showed acoustic gravity, Lamb wave and infrasonic
features. This study is an indication of the importance of IMS stations towards the understanding of
submarine volcanic eruptions.

P1.4-821 – Stratospheric Balloon Observations of Infrasound Waves from the
15 January 2022 Hunga Eruption, Tonga

Author: Aurélien Podglajen1

Co-authors: Albert Hertzog1; Alexis Le Pichon2; ChristopheMillet2; Christopher Bedka3; Konstantin Khlopenkov4;
Raphaël Garcia5; Sergey Khaykin6; Solène Gérier5

1LMD, PSL Research Institute
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3LaRC - NASA Langley Research Center
4SSAI - Science Systems and Applications, Inc.
5ISAE-SUPAERO
6STRATO - LATMOS

The 15 January 2022 eruption of the Hunga volcano (Tonga) generated a rich spectrum of waves,
some of which achieved global propagation. Among numerous platforms monitoring the event, two
stratospheric balloons flying over the tropical Pacific provided unique observations of infrasonic
wave arrivals, detecting five complete revolutions. Combined with ground measurements from the
infrasound network of the International Monitoring System, balloon-borne observations may pro-
vide additional constraint on the scenario of the eruption, as suggested by the correlation between
bursts of acoustic wave emission and peaks of maximum volcanic plume top height. Balloon records
also highlight previously unobserved long range propagation of infrasound modes and their disper-
sion patterns. A comparison between ground and balloon based measurements emphasizes superior
signal to noise ratios onboard the balloons and further demonstrates their potential for infrasound
studies.
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O2.1-118 – STM_toolkit: a Radionuclide Source-term Modeling Package for
Rapid Scenario Determinations at the French NDC

Author: Eric Pili1

Co-authors: Pascal Achim1; Aliaksei Pazdniakou2; Pierre Adler3; Sylvia Generoso1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2UPMC
3Sorbonne Université

Besides improved instrumentation and operational measurement analysis, radionuclide technology
used at National Data Centres (NDCs) also benefits from atmospheric transport modeling (ATM)
in their dedication to detect, discriminate and characterize nuclear explosions. A way to enhance
NDC expertise is to provide ATM with a likely radionuclide source term emitted to the atmosphere
following underground nuclear explosions, thanks to evaluated scenarios.
We have developed a code with user-oriented digital tools to build such scenarios, qualitatively
and quantitatively. STM_toolkit first computes the cavity radionuclide inventory for all the CTBT-
relevant fission nuclides. Then, the nuclear test is configured by fusion of data from other tech-
nologies as well as tabulated data, leading to estimates of the cavity gas pressure and distance of
migration, based on empirical laws derived from former nuclear tests. Rapid one-dimensional fluid
mechanics calculations determine the gas released for i) prompt venting due to drill-back, with cus-
tom delay, or preexisting conduits or fractures, ii) late-time seepage due to barometric pumping. Gas
release and cavity inventory determine the atmospheric source term converted to expected activity
concentrations at monitoring stations thanks to empirically-parameterized simple ATM. Compari-
son with measurements allows the scenario to be refined before it is used for state-of-the-art ATM.

O2.1-164 – Collapse Events and Treaty Monitoring

Author: Michael Pasyanos1

Co-authors: Gene Ichinose1; William R. Walter2; Sean Ford1

1Lawrence Livermore National Laboratory (LLNL)
2U.S. Department of Energy, National Nuclear Security Administration

Besides earthquakes, other sources can generate seismic and other observable geophysical signals
that could potentially be misidentified or misinterpreted as explosions. One common source of such
signals are collapses which, like explosions, are generally shallow and, consequently, have many
identifying features similar to explosions. In this study, we collect, analyze and characterize collapses
from around the world which are associated with mining activity or nuclear testing. While most of
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the collapses are from more recent activity, a portion of the signals are derived from legacy seismic
recordings of post-shot collapses made during days of active nuclear testing. We present on progress
we are making toward the development of a collapse source model, as complementary to the more
commonly recognized earthquake (e.g. Brune) and explosion (e.g. Mueller-Murphy) source models.
We also discuss and test several identificationmethods for collapses, including cross-spectral (low-to-
high frequency) ratios, coda-derived source spectra and event identification on the moment tensor
hypersphere.

O2.1-290 – Using Moment Tensor Inversions for Rapid Seismic Source Char-
acterization: From Nuclear and Regional Seismicity Monitoring to Tsunami
Warning

Author: Aurelie Guilhem Trilla1

Co-author: Marine Menager1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

Rapid full source characterization provides useful information after the occurrence of an event of
interest such as a nuclear test. Techniques using full moment tensor inversions based on long-period
seismic waveforms recorded at regional distance helps to confirm the isotropic component of a seis-
mic source, if any. Used on a grid of potential locations and by scanning continuous seismic wave-
forms, it is possible to implement a rapid detector of seismic events providing the full information
of the sources (origin time, location, magnitude, mechanism). The applications of such implementa-
tion are numerous and range from rapid nuclear monitoring to seismic monitoring for seismological
laboratories, to detection of large magnitude earthquakes for tsunami warning centers. Here, we
present the developments made for the tool developed at CEA for the seismic monitoring of the
North Korean region using only a limited number of seismic stations. We show its overall perfor-
mances on past DPRK nuclear tests and regional earthquakes. We also show further advancements
toward improving the monitoring of small magnitude (3.5 and less) earthquakes in France. On the
opposite side, the approach is also under implementation at the French National Tsunami Center for
rapid detection of potentially tsunamigenic earthquakes located in the Mediterranean Sea.

O2.1-326 – Bayesian Inversion of Seismograms for Source Parameters of Con-
tained Democratic People’s Republic of Korea Underground Nuclear Explo-
sions

Author: Anton Ziolkowski1

1University of Edinburgh

Source parameters and source time functions of the five contained Democratic People’s Republic of
Korea underground nuclear explosions, 2009-2017, are obtained fromMDJ seismograms by Bayesian
inversion. The test site is a few kilometres across. Therefore, the Earth impulse response, or Green’s
function, from each event to a given distant seismometer, is essentially the same. The Green’s func-
tion is estimated by deconvolving the seismogram for the modelled source time function. The likeli-
hood of the Green’s function is defined as the reciprocal of the normalized root mean square differ-
ence of the Green’s functions obtained from two sources. Prior probability density functions (pdfs)
are applied to the following independent source parameters: internal pressure, Poisson’s ratio, P-
wave velocity and resonant frequency. The posterior pdf (PPD) is proportional to the likelihood of
the Green’s function multiplied by the prior parameter probabilities. The estimated source param-
eters are obtained by a grid search to find the maximum PPD. The estimated Green’s functions for
the five Democratic People’s Republic of Korea events 2009-2017 to the MDJ seismometer are nearly
identical, as they should be. The Green’s function from the test site to any other seismometer can be
obtained by deconvolving the seismogram for the now known corresponding source time function.
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O2.1-638 – Systematic Seismic Events Discrimination at Kenya National Data
Centre

Author: Josphat Kyalo Mulwa1

Co-author: Edwin Dindi2

1University of Nairobi, Department of Earth and Climate Sciences
2University of Nairobi

The International Data Centre routinely applies event screening or discrimination in order to char-
acterize events as either natural or anthropogenic. A number event discriminants are presented in
literature. At the Kenya National Data Centre (KE-NDC), a systematic and step by step procedure
of events discrimination are applied to seismic events. Results from the discriminants adopted are
obtained within a short time and the discriminants are easy and fast to use. The discriminants used
at KE-NDC are ranked in an hierarchy based on complexity and ease of returning results within
the shortest time possible to allow events discrimination and dissemination of results. Some of the
discriminants used include (i) hypocenter parameters based on events relocation, (ii) magnitude de-
termination, (iii) mb:Ms criteria and (iv) focal mechanism determination. These discriminants and
examples of events characterization will be presented during the SnT2022.

P2.1 Characterization of Treaty-relevant events

P2.1-222 –Advantages and Issues ofApplyingMachine LearningBasedDenois-
ing on Inversions of the Democratic People’s Republic of Korea Nuclear Tests

Author: Andreas Steinberg1

Co-authors: Christoph Pilger1; Peter Gaebler1

1Federal Institute for Geosciences and Natural Resources (BGR)

We apply a current state-of-the-art machine learning based denoising algorithm on the seismological
and hydroacoustic waveform records of the selected Democratic People’s Republic of Korea nuclear
tests. We use the DeepDenoiser algorithm to reduce the noise present in the waveform records of
the larger Democratic People’s Republic of Korea nuclear tests. The denoising of waveform records
using machine learning has obvious advantages on the picking of phases and signal detection but the
question is if the currently available techniques can be used beyond that. We investigate the impact
the denoising has on the source mechanism inferences by comparing the seismic moment tensor
inversion results of original and denoised data. Because of the good signal to noise ratio and as the
source type is well known we can in this case establish if the denoised waveforms can be used for
further source analysis. We find that care needs to be taken using the modified waveform data but
also find promising results hinting at possible further use of the technique in the future for standard
analyses. We further investigate if the application of the chosen denoising algorithm allows for the
better resolution of the seismic moment tensor of the smaller Democratic People’s Republic of Korea
nuclear tests.

P2.1-287 – Mis-associated Surface Waves Within the Automated Processing
Flow of the Reviewed Event Bulletin

Author: John Condon1

Co-author: Neil Selby1

1Atomic Weapons Establishment (AWE) Blacknest
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When monitoring for potential underground nuclear tests, distinguishing shallow earthquakes from
explosive sources can often be achieved using the ratio of the body-wave magnitude to the surface-
wave magnitude (mb:Ms), as explosive sources often produce less energetic surface wave excitations
than earthquakeswith the samemb. Currentmethods for surface-wave detection at the International
Data Centre (IDC) rely on a dispersion test. A global group-speed model is used to predict a time
window based on origins in the IDC Reviewed Event Bulletin (REB). The waveforms in the predicted
time window are filtered into eight frequency bands - if the time of the maximum energy of at least
six of these bands sits within a specified error of the expected dispersion curves, a surface wave
is detected. The current version of this algorithm was implemented into provisional operations at
the IDC in 2010 (Maxpmf). We have designed interactive software to review the IDC automatic
surface-wave detection algorithm. We investigate mis-associated surface wave arrivals in the REB,
caused by a processing limit of surface wave detection to 100 degrees distance. Examples of surface
waves originating from greater than 100 degrees distance and being associated with a closer event
are presented.

P2.1-323 –Radioxenon toRadioiodineRatios inEmissions fromNuclear Power
Plants

Author: Martin B. Kalinowski1

Co-author: Halit Tatlisu1

1CTBTO Preparatory Commission

For the purpose of monitoring for compliance with the Comprehensive Nuclear-Test-Ban Treaty
(CTBT), the International Monitoring System (IMS) includes 80 sites with particulate radionuclide
samplers, 40 of which also have a noble gas sensor system. The coincidence of radioiodine and ra-
dioxenon observations at the co-located systems may offer an opportunity for event screening. This
study gains knowledge of typical radioxenon to radioiodine ratios of releases from nuclear power
plants (NPPs) and compares these ratios with the signatures that may indicate a nuclear explosion.
The study presented here builds on the previous publication about the radioxenon emission inven-
tory from NPPs for the calendar year 2014. The radioiodine emissions of the same reactors will be
retrieved, and the distribution of the ratios established for the atomic masses of 131, 133 and 135 as
well as for the most frequently observed isotopes of these two elements, namely Xe-133/131I. The
purpose of this presentation is to investigate whether these radioxenon to radioiodine ratios can be
used for screening methods and to enhance understanding of the impact of known sources on the
IMS background observations.

P2.1-324 – Exploring the use of Radioxenon to Radioiodine Isotopic Ratios as
Additional Screening Method Regarding Possible CTBT-relevant Events

Author: Martin B. Kalinowski1

Co-author: Jonathan Bare1

1CTBTO Preparatory Commission

Xenon and iodine isotopes are, among other CTBT-relevant radionuclides, major indicators for nu-
clear explosions. They are therefore globally monitored by the International Monitoring System to
verify compliance with the CTBT, using different technologies. Xenon isotopes are intermediate de-
cay products of radioiodine. If originating from the same source, the radioxenon to radioiodine ratio
of isotopes from the same mass chain may be suitable for additional screening of events. This study
investigates the radioxenon to radioiodine isotopic activity concentration ratios, as they occur in
samples of co-located noble gas and particulate systems that significantly overlap in sampling time.
These IMS observations are compared to ratios of the same isotopes for different sources that may
be observed. These are simulations of nuclear explosions and nuclear facilities (NPPs and MIPFs), as
well as empirical data from published reports for both historic nuclear tests and for releases from nu-
clear facilities. Based on this comparison, conclusions can be drawn on the usefulness of radioxenon
to radioiodine ratios for event screening in CTBT monitoring.
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P2.1-357 – Analysis of Anomalous Seismic Events in India

Author: Thomas VanDeMark1

Co-authors: Gregory Johnson1; Jorge Roman-Nieves1; Mark Woods1; Rongmao Zhou1

1Air Force Technical Application Center (AFTAC)

TheUS National Data Centre (NDC) observed five relatively large seismic events in the Chhattisgarh
Province of India from September 2018 through October 2022. These events are of interest as they
exhibit some explosive characteristics, and their respective yields are approximately equivalent to a
1 kiloton underground nuclear explosion. The events occurred near a known coal mine that uses re-
treat style mining, which has been known to cause catastrophic collapses at other mining areas. The
US NDC conducted Interferometric Synthetic Aperture Radar (InSAR) analysis in concert with wave-
form correlation and cluster analysis to show that these events can likely be attributed to randomly
occurring collapses at the mine. Further, the radius of the InSAR observed surface deformation was
compared to the theoretical cavity/chimney radius of an equivalent size underground nuclear test.
This comparison excludes the possibility of the events being nuclear related.

P2.1-494 – Using Low Frequency Electromagnetic Signals to Explore Historic
Nuclear Test Observations

Author: William Junor1

Co-authors: Gordon MacLeod1; Xianjin Yang2

1Los Alamos National Laboratory (LANL)
2Lawrence Livermore National Laboratory (LLNL)

Impulsive, low frequency, electromagnetic signals were observed during historic United States un-
derground nuclear tests. The source of these signals is uncertain though a prime candidate is the
so-called “magnetic bubble”. This mechanism creates a magnetic signature when the hot plasma
shell from the explosion expands in the Earth’s magnetic field. At low frequencies, this signal can
diffuse to the surface where it can be detected. We have conducted experiments with an under-
ground synthetic source at the Nevada National Security Site to emulate possible magnetic bubble
signals and to investigate propagation through the intervening overburden. The synthetic source
has a peak magnetic dipole moment of 100 kA-m2. The signals from the source can be detected
at ranges of several hundred of meters through the saturated tuff overburden using commercially
available induction magnetometers and capacitive electric field sensors. The principal noise sources
in our experiments have been anthropogenic noise (utility 60 Hz and harmonics) and impulsive at-
mospheric noise.

P2.1-507 – A Case Study on Using High Resolution Atmospheric Transport
Modelling on Historical Democratic People’s Republic of Korea Announced
Tests

Author: Anne Tipka1

Co-authors: Jolanta Kusmierczyk-Michulec1; Robin Schoemaker1; Martin B. Kalinowski1

1CTBTO Preparatory Commission

Detection of radionuclides released from a nuclear explosion is an essential task performed by the
Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) as mandated under the Compre-
hensive Nuclear-Test-Ban Treaty. Identifying possible source regions for relevant radionuclide ob-
servations and identifying potential stations for measuring releases from known source locations is
done by atmospheric transport modelling (ATM). The CTBTO currently investigates the potential
benefits of using high resolution ATM (HRATM). Past announced underground nuclear tests at the
Punggye-ri Nuclear Test Site from the Democratic People’s Republic of Korea are used as case stud-
ies to scale CTBTO’s capability to identify sites of the International Monitoring System (IMS) that
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might detect a hypothetical release. These events are also used to identify the capability to locate
Punggye-ri as the possible source location. The current study evaluates the performance of CTBTO’s
HRATM approach compared to previous results. Variations in spatial resolution of meteorological
input data (0.5° to 0.01°), meteorological models European Centre for Medium-Range Weather Fore-
casts
(ECMWF) andWeather Research and Forecasting Model (WRF), ATMmodels (Flexpart and Flexpart-
WRF) and physical parameterization demonstrate the sensitivity to configurations. Evaluating the
potential increase in accuracy by using metrics from previous ATM challenges shows what enhance-
ments can be acquired with HRATM and what configuration works best.

P2.1-509 – Transportable Absolute Yields of Underground Nuclear Explosions

Authors: Brent Delbridge1; William Scott Phillips1; Jonas Kintner1; Joshua Carmichael1

1Los Alamos National Laboratory (LANL)

The framework developed and presented here provides a new and transportablemethod to determine
the yields of seismically recorded underground nuclear explosions. The key advantage of thismethod
over other methods which estimate absolute explosive yields is that this method does not require
any a priori calibration and can be immediately applied to any region of interest. This method
uses the source information obtained from the spectral ratios of envelopes of measured seismic
coda waves to simultaneously invert for the source parameters describing a set of seismic events
including both explosions and earthquakes. The only requirement of this method is that the source
region must contain several (>3) seismic sources which have been well recorded (SNR > 2) by a set of
shared stations. For regions with only a few events and/or extremely band-limited observations, for
which the depths of burial are unknown, an earthquake with a known magnitude may be required
to obtain accurate and robust yield estimates. We apply this method to the six declared Democratic
People’s Republic of Korea nuclear tests and report new independent absolute yield and depth of
burial estimates which are commensurate with previously determined source parameters.

P2.1-521 – Development of Automatic Procedures for Selecting Samples Asso-
ciated with a Release Event Based on the Evolution Consistency of Isotopic
Ratios

Author: Joshua Kunkle1

Co-authors: Boxue Liu1; Martin B. Kalinowski1; Robin Schoemaker1; Yuichi Kijima1

1CTBTO Preparatory Commission

The International Data Center (IDC) at the Comprehensive Nuclear-Test-Ban Treaty Organization
routinely analyses data from radionuclide measurement stations of the International Monitoring
System (IMS) in support of its mandate. The Standard Screened Radionuclide Bulletin (SSREB) is a
product of the IDC that is generated for each radionuclide sample having measured concentrations
of CTBT-relevant radionuclides above abnormal thresholds. In addition, States Parties can request
an expert technical analysis (ETA) in which IDC experts perform an in-depth analysis of IMS data
with the possibility of including additional data to produce the State Requested Methods Report
(SRMR). To facilitate radionuclide ETA, automatic procedures have been developed that assist ex-
perts in sample selection and event association based on the consistency of isotopic ratio evolution
utilizing measurements from multiple radionuclide samples. The implementation of automatic pro-
cedures enables experts to gain an improved understanding of release events and assists experts to
more quickly produce the SRMR. Furthermore, automatic processing can identify sample sets which
are used to validate new methodologies. In this presentation we will describe the algorithms devel-
oped for automatic procedures and show preliminary results. Building from these developments, we
plan to improve the automatic processing algorithms to contribute to other IDC products such as
the SSREB.
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P2.1-553 – A Novel Radioxenon Event Classification Method Based on Cat-
Boost

Author: Yungang Zhao1

Co-authors: Ruiying Li; Shilian Wang1; Qi Li1; Xinjun Zhang; Yuanqing Fan; Huaimao Jia1; Ruiqin Zhang1

1CTBT Beijing National Data Centre and Beijing Radionuclide Laboratory

Four technologies are used for compliance verification of the comprehensiveNuclear-Test Ban Treaty
(CTBT), hydroacoustic, infrasound, seismic and radionuclide monitoring. Forty radionuclide sta-
tions will have the radioxenon monitoring capability. For the last few years, a lot of research have
been done in order to discriminate radioxenon derived from an explosion and anthropogenic sources.
The explosion data are rare, for quite few nuclear test were done and little radioxenon was released
from the underground. The civil facilities also emit mounts of radioxenon and the stations near
those facilities will have a high radioxenon background. It is difficult to discriminate the background
events and background plus explosion events. In this work, radionxenon monitoring data sets were
modelled based on International Monitoring System xenonmonitoring data over the past decade and
the xenon ratios emitted by nuclear explosion. Dozens of features, including the four radionxenon
concentrations, flags on xenon detected, xenon ratios, were analysed. We used CatBoost algorithm
to establish a two classification model.

P2.1-575 – Interactive Analysis Prospective on Implementation of the NET-
VISA in the International Data Centre Bulletin Production

Author: Sherif Ali1

Co-authors: EhsanQorbani Chegeni1; OnkgopotseNtibinyane1; Ronan Le Bras2; Gerard Rambolamanana1

1CTBTO Preparatory Commission
2Former CTBTO Preparatory Commission

Data from the International Monitoring System (IMS) stations of the Comprehensive Nuclear-Test-
Ban Treaty Organization (CTBTO) are being processed by automatic processing, Global Association,
interactively analysed and reviewed, resulting in International Data Centre (IDC) bulletins. The
Network Processing Vertically Integrated Seismic Analysis (NET-VISA) is a Bayesian seismic moni-
toring system designed to process IMS data to reduce the number of missed and false events in the
automatic processing. NET-VISA has been implemented in operation as an additional event scanner
in operation since January 2018. In this study we assess the effect of NET-VISA automatic scanner
on the number of events in the IDC bulletins, Late Event Bulletin (LEB) and Reviewed Event Bulletin
(REB). In particular, the impact of NET-VISA scanner on the number of scanned events during the
interactive analysis is assessed. We use three distinct time periods to evaluate the NET-VISA per-
formance as well as the effect of the other possible factors, such as global seismicity and network
performance. The results show a 4.6% increase in the number of LEB events after including the NET-
VISA scanner in operation, with an average of seven events per day and a notable increase of 17.90%
in the number of scanned events.

P2.1-600 – Root Mean Square Lg AmplitudeMeasurements for the Democratic
People’s Republic of Korea Underground Nuclear Tests

Author: Won-Young Kim1

1Lamont-Doherty Earth Observatory, Columbia University

We determined root mean square (RMS) amplitudes of Lg waves from the six known underground
nuclear tests conducted by the Democratic People’s Republic of Korea. We analysed waveform data
from a dozen seismographic stations situated in the Republic of Korea, the People’s Republic of China
and the Russian Federation operated by the International Monitoring System, Global Seismic Net-
work, and the Korea Meteorological Administration. The RMS Lg amplitude measurements indicate
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consistency between the stations situated in the continental crust. The measured RMS Lg amplitude
at pairs of stations shows stability with an interstation standard deviation of as low as 0.03 mag-
nitude units for the six explosions. The RMS Lg amplitude measurements on vertical records are
well correlated to the teleseismic body wave magnitude mb of the six explosions with a very small
standard deviation ranging from 0.03 to 0.08 magnitude units. The stability of RMS Lg amplitudes
suggests that it can be used to estimate the yield of the Democratic People’s Republic of Korea’s
nuclear tests.

P2.1-678 – Radioxenon Isotopic Composition of Release Scenarios Based on
RealisticModels of UndergroundNuclear ExplosionCavity Evolution and Sub-
surface Gas Transport

Author: Yunwei Sun1

Co-authors: Boxue Liu2; Charles Carrigan1; Martin B. Kalinowski2; Yining Qin1; Joshua Kunkle2; Tarabay Antoun1

1Lawrence Livermore National Laboratory (LLNL)
2CTBTO Preparatory Commission

Isotopic ratios of radioxenons can be used to verify the occurrence of an underground nuclear explo-
sion (UNE). Simplified analytical models and closed-form solutions using Bateman equations simu-
late a idealized radioactive decay/ingrowth chain in a closed andwell mixed system. The partitioning
of the radionuclide inventory between a gas phase and rock melt created by the detonation and the
gas transport from the cavity to host rock or ground surface are not addressed properly. Either sub-
surface transport or prompt release that is principally responsible for gas signatures are inconsistent
with the simple closed-system assumption. In this study, a realistic model about post-detonation
cavity processes were developed. A closed-form solution representing time dependent source term
activities is extended by considering the cavity partitioning process, slow seepage, and/or prompt
release of gases from the cavity and applied to realistic systems, influencing the evolution of isotopic
ratios over the course of UNE histories. A library of radioxenon composition in the cavity and host
rock can be simulated with different parameters, which is used for event discrimination and further
for estimation of the detonation time with respect to noble gas measurements at International Mon-
itoring System stations. It can also be used for the event discrimination based on machine learning.

P2.1-681 – Impacts on Characterization of a CTBT-Relevant Nuclear Event Us-
ing Isotopic Ratios Caused by the Radioxenon Background Subtraction at In-
ternational Monitoring System Stations

Authors: Boxue Liu1; Robin Schoemaker1; Christian Maurer2; Joshua Kunkle1; Anne Tipka1; Jolanta Kusmierczyk-
Michulec1; Jonathan Bare1; Yuichi Kijima1; Martin B. Kalinowski1

1CTBTO Preparatory Commission
2Central Institute for Meteorology and Geodynamics (ZAMG)

Radionuclide stations in the International Monitoring System (IMS) network routinely collect air
samples and assess activity concentrations. Activities collected in samples are often caused by emis-
sions from nuclear facilities, but they could also indicate a noble gas release from an underground
nuclear explosion. A discrimination can be done by estimating and analysing activity ratios of CTBT-
relevant radioxenon isotopes under assumed scenarios. One of the issues in the isotopic ratio estima-
tion is whether the contribution of the radioxenon background at IMS stations needs to be subtracted.
This work will investigate the impact of the radioxenon background subtraction on the discrimina-
tion of a nuclear release event. Simulations are performed with atmospheric transport modelling
to determine the concentrations originating from hypothetical radioxenon releases of pre-defined
underground nuclear explosions distributed over a global semi-regular grid at different times of the
day. The latter are studied independently and in the form of synthetic concentrations on top of real
observations to account for the radioxenon background. The ratios of detected radioxenon isotopes
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are compared between the real IMS observations (typical radioxenon background from 2014), simu-
lated concentrations from hypothetical nuclear explosion sources (pure signals without radioxenon
background) and synthetic ones.

P2.1-743 – Joint Regional Waveform, First Motion Polarity, and Surface Dis-
placement Inversion Using a Layered Elastic Model with Topography for the
People’s Democratic Republic of Korea Nuclear Explosions

Author: Rodrigo Chi-Durán1

Co-authors: Arthur Rodgers2; Douglas Dreger1

1University of California, Berkeley
2Lawrence Livermore National Laboratory (LLNL)

On 7 September 2017, the Democratic People’s Republic Korea carried out its latest and largest nu-
clear test (DPRK6). Recent efforts have been made to increase understanding of this and previous
nuclear tests using seismic waveform, and synthetic aperture radar (SAR) geodetic deformation data
(e.g. Wei 2017, Chiang et al. 2018, Myers et al. 2018, Wang et al. 2018). In our previous work
(Chi-Durán et al. 2021) we performed a joint regional waveform, first-motion polarity, and surface
displacement inversion demonstrating improved discrimination of the source type of the event. In
this work, we have applied the aforementioned joint inversion with a layered velocity model based
on satellite observations of discontinuities and inferred lithology (e.g. Pabian and Coblentz, 2015)
and published ranges of seismic velocity for the inferred lithology to DPRK6 and an earlier event
(DPRK4, 2016/01). We find that the consideration of the layered velocity model improves the recov-
ery of source depth, and in both cases the joint inversion is found to provide better discrimination
of the source type and better constrain the scalar seismic moment needed for downstream yield
estimation.

P2.1-787 – Improvement of Methods for Characterizing CTBT-Relevant Ra-
dionuclide Events Based on Data from the Temporary High Density Network
Formed by the International Monitoring System Noble System JPX38 and the
two Transportable Radioxenon Measurement Systems

Author: Jonathan Bare1

Co-authors: Martin B. Kalinowski1; Robin Schoemaker1; Joshua Kunkle1; Boxue Liu1; Yuichi Kijima1

1CTBTO Preparatory Commission

Since 2008, the CTBTO has been conducting temporary radioxenon measurement campaigns using
transportable systems. These campaigns are focused on improving the performance of the verifica-
tion system as described in the Treaty. In 2017, the Government of Japan made a voluntary contribu-
tion to boost CTBTO capabilities to detect nuclear explosions. In early 2018, two transportable noble
gas systems were deployed in Japan where they form, together with the International Monitoring
System (IMS) system JPX38, a high density network. As of today a few thousand samples have been
measured by the two transportable systems. Measurement spectra are automatically sent to the In-
ternational Data Centre, processed in a non-operational database and reviewed with focus on the
four CTBT-relevant xenon isotopes. Reviewed data are used to improve methods and methodologies
for understanding the radioxenon background that are applicable to any IMS noble gas system. Pos-
sible sources regions (PSR) and evolution consistency of isotopic ratios in samples collected by the
systems forming the high density network were estimated first, and the impact on isotopic ratio con-
sistency and on both standard and consistency specific PSRs was investigated. Further applications
include isotopic ratio screening, Xe-135 observations, and enhancements of concentration estimates
from known sources.

P2.1-806 – Seismic Data Analysis for the Discrimination, Detection, and Loca-
tion of Seismic Events of the People’s Democratic Republic of Korea
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Author: Iulia Stefania Armeanu1

Co-authors: Daniela Ghica1; Felix Victor Borleanu1; Cristian Neagoe1; Lavinia Vărzaru1

1National Institute for Earth Physics (NIEP)

The main purpose of this study consists in applying discrimination methods to distinguish known
nuclear tests conducted by the Democratic People’s Republic of Korea from surrounding natural
seismicity, based on various seismic signal processing algorithms. To characterize the Democratic
People’s Republic of Korea’s seismic activity between 2006 and 2022, spectral analysis, waveforms
cross-correlation techniques and amplitude ratios of Pg/Lg and Pn/Sn waves computed in different
frequency bands were applied. For the selected events, we analysed waveforms recorded by seismic
stations with epicentral distances going up to 70 degrees. The Democratic People’s Republic of Ko-
rea’s nuclear tests were relocated using relative algorithms to validate and calibrate these methods.
Additionally, we investigated continuous recordings of nearby stations (epicentral distances below
three degrees) using waveforms cross-correlation techniques to identify possible microearthquakes
induced by the the Democratic People’s Republic of Korea’s nuclear tests. The proposed discrimi-
nants successfully separate tectonic events from nuclear tests, but its success rate is heavily influ-
enced by the epicentral distance. The relocations of the Democratic People’s Republic of Korea’s
nuclear tests showed differences of up to 5 km compared to the results of previous studies, high-
lighting a good accuracy of the proposed methods. These findings represent the first step in the
development of future artificial intelligence algorithms.

O2.2 Challenges of On-Site Inspection

O2.2-178 – New Horizons for Characterizing Treaty-Relevant Events: the Ben-
efits and Challenges of Using Robotic Systems

Author: Emily Schultz-Fellenz1

Co-authors: Adam Collins1; Brandon Crawford1; Damien Milazzo1; Dane Coats1; Eric Guiltinan1; Erika Swanson1;
James Lee1

1Los Alamos National Laboratory (LANL)

Using robotic systems for scientific field data acquisition has expanded tremendously in the last
five years and includes underground explosion monitoring and verification applications. Robotic
platforms offer safer and more affordable ways to collect multiple data modalities, including visual
and thermal infrared information, in challenging environments. An example of a new application
space for robotics is data collection surrounding Treaty-relevant events within the CTBT verification
framework. In these instances, robotic platforms may provide increased data collection efficiency
over broad areas, relative to other surveying methods, to facilitate anomaly and artifact observa-
tion. We present analyses from multiple underground conventional high-explosive experiments in
Nevada, USA, where robotic platforms obtained time-series imagery data before and after the ex-
periments, using commercial off-the-shelf cameras. Using structure-from-motion photogrammetry,
we can identify high resolution surface changes and other anomalies and artifacts resulting from
these underground explosions. This presentation examines the use of such tools and technologies
to characterize underground explosions with different emplacement conditions. Further, we high-
light (1) the range of anomalies and artifacts that can be identified using imagery, (2) the training
and readiness required for appropriate robotic data collection system use, and (3) the challenges and
limitations in adoption of robotic systems in the verification regime.

O2.2-682 – The Use of Satellite Imagery and Other Open Source Information
for Nuclear Test Site Monitoring

Authors: Jaewoo Shin1; Marcy Fowler1

Co-authors: Nikita Degtyarev1; Tianran Xu1; Sarah Laderman1
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1Open Nuclear Network, a programme of One Earth Future

In environments where there is relatively little available open source information the analysis of
satellite imagery data can be of particular value in monitoring for indications of nuclear weapon
test preparation activities, such as signs at suspected nuclear weapon test locations of increased
vehicle traffic, construction of support buildings, and tunnel excavations. This paper will use the
People’s Democratic Republic of Korea Punggye-ri nuclear test site as a case study and will explore
various imagery types, methodologies, and processing techniques of satellite imagery for nuclear
test site monitoring. Additionally, this paper will assess how other open source information can
support satellite imagery focused monitoring efforts.

P2.2 Challenges of On-Site Inspection

P2.2-354 – Theoretical Signature of a Cavern Created by an Underground Nu-
clear Explosion in 2-D Exploration Seismic Data

Authors: Jonas De Basabe1; Stephany Ortiz2

1CICESE
2ITE

The On-Site Inspections (OSI) are the final verification regime of CTBT. Its principal purpose is to
detect if an underground nuclear explosion (UNE) has been carried out. Several geophysical tech-
niques are used on a suspicious area to detect cavities, holes or devices that indicate the realization
of a nuclear essay. One of these techniques is seismic reflection. There is scarce information in
the literature about the seismic response of caverns created by UNEs, for this reason, in this work
we use wave-propagation simulations to obtain the seismic signature of these types of caverns. We
solve the elastic wave equation in the time domain using the spectral element method with fourth
order basis functions and quadrilateral elements. We show the results for models with cavities and
caverns corresponding to explosions of 1, 20 and 100 kilotons. In seismic traces we can observe the
effect of these structures and we can see that cavities behave like points or diffractor bodies, depend-
ing on their sizes, whereas caverns, which are more complex structures, behave like two concentric
diffractor bodies.

P2.2-467 – Resonance Seismometry: Search for Tiny Tot UndergroundNuclear
Explosion at Nevada Test Site

Author: Rolf Häfner1

Co-authors: Manfred Joswig1; Marco Walter1

1Sonicona GbR

Sonicona was contracted by the CTBTO to explore processing methods for the development of on-
site inspection resonance seismometry capabilities. The motivation is to analyse seismic earthquake
recordings to detect any anomalies indicative for a cavity or rubble zone caused by an underground
nuclear explosion. We have developed the onset-delay method for strong earthquakes from regional
to teleseismic distances. The underground disturbance will change the plane wavefield of seismic
body waves. This change depends strongly on dimension, shape and depth of the rubble zone/cavity,
and on all geological contrasts (heterogeneities, faults, etc.) in the surrounding area.
The data set from Source Physics Experiments 5 and 6 at the Nevada National Security Site, the
former Nevada Test Site, was used for the performed analysis. Wewere able to identify six anomalies
which are mostly related to geology, and man-made underground structures, e.g. tunnel systems.
Excluding these anomalies by external knowledge one anomaly remained, and could be related to
the former UNE at Tiny Tot performed in 1965.
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P2.2-576 – On-Site Inspection in Challenging Environments

Author: Feihong Kuang1

Co-author: Gustavo Haquin Gerade

1CTBTO Preparatory Commission

An on-site inspection (OSI) could be triggered in any environment. Environmental factors affect not
only the signatures and observables of a nuclear explosion, but also the performance of the inspec-
tion team. Pursuant to the work on the OSI Action Plan 2016-2019 Project 1.5 on Operationalization
of OSIs in Different Environments, this poster summarizes typical nuclear test explosion scenar-
ios, key elements to be considered when developing OSI capability for different OSI environments
and identifies challenging environments, i.e. mountainous areas, high seas, extreme climates and
high/densely vegetated areas. Given the significant challenges that lie ahead for the development of
OSI capabilities in challenging environments, it is envisaged that with the support of States Signa-
tories and the involvement of the scientific community, a comprehensive OSI capability with strong
climatic and environmental adaptability will be established.

P2.2-596 – Fire Detection in an On-Site Inspection Area

Authors: Ahlam Khekan1; Omar Addeb2

1University of Information Technology and Communication. Iraq
2Inma

Fires are still a large concern in several countries due to the social, environmental and economic
damages they cause. Computer vision is focusing a lot of their attention on improving object detec-
tion as one of the fundamental challenges in the field. The aim of this research is to propose a system
to predicate or to detect a fire accident in an on-site inspection area in real time using a monitoring
system using a deep learning based approach.

P2.2-625 – Improvements inMethods and Chain of Custody forMeasurements
of Soil Gas Samples

Author: Henrik Olsson1

Co-authors: Mattias Aldener1; Klas Elmgren1; Tomas Fritioff1; Lindsay Karlkvist1; Johan Kastlander1; Catharina
Söderström1

1Swedish Defence Research Agency (FOI)

An important aspect of on-site inspection (OSI) is a rigid chain of custody, where the risk of human
error is minimized. Since 2016, FOI has conducted four field campaigns in Kvarntorp (Sweden), with
the aim of understanding the radioactive xenon background in uranium-rich soil. During these
campaigns, we have developed methodologies for sample collection and analysis. During the most
recent campaigns, we utilized Wi-Fi controlled soil gas samplers with automatic logging of relevant
quality parameters (e.g. pressure, flow, volume, CO2, O2, Rn). Sample information and metadata
are transferred to a digital field protocol and written to a RFID-tag when the collected air sample is
compressed and transferred to a pressurized bottle. The SAUNA Field system, used for processing
and analysis of the samples, has been equipped with a multi-sample inlet module that holds six
bottles. The inlet automatically reads the information from the RFID tags, making it easy to start
a measurement by selecting samples in the system GUI. This minimizes the risk of human error as
well as ensures a tracking of the samples and all associated data. In this work, we aim to present
lessons learned and how this could help to improve the chain of custody in an OSI context.

P2.2-855 – Innovation of the the Chain of Custody of Samples During On-Site
Inspections
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Author: Antonietta Rizzo1

Co-authors: Stefano Salvi1; Elisabetta Nava1; Alberto Ubaldini1; Chiara Telloli1; Fabio Borgognoni1

1Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA)

A chain of custody (COC) is required in many laboratories that must analyse forensic materials and
also to assure reliability of reported results. Tracking a reliable COC during an on-site inspection
can be laborious but it is mandatory as it must assure that the evidence is authentic and traceable.
The sampling methodology of the material, its transport and all the analysis steps as well people
involved must be reported as information on the COC or chain of evidence. Although there is no
limit to the number of transfers, it is crucial to keep this number as low as possible. A new solution
for the future will be proposed: sample based COC, which could be innovative to eliminate problems
with duplicates and/or splitting samples; location based COC based on RFID radio frequency identi-
fication; container based COC using electronic data key that can additionally detect any breach of
integrity (evidence tampering).

O2.3 Seismoacoustic sources in theory and practice

O2.3-171 –TheRockValleyDirectComparisonExperiment: AnOverview

Authors: Catherine Snelson1; Robert Abbott2

Co-authors: William R. Walter3; Cleat Zeiler3

1Los Alamos National Laboratory (LANL)
2Sandia National Laboratories (SNL)
3U.S. Department of Energy, National Nuclear Security Administration

In 1993, a shallow earthquake sequence occurred in Rock Valley, Nevada National Security Site. The
largest event, M3.7, was followed by eleven M>2 events ranging in depth from 1-3 km. All events
were well constrained due to the deployment of stations early in the sequence. Comparison of these
shallow events to nearby historic nuclear tests identified gaps in our ability to discriminate these
event types. To answer the question about the physics of shallow earthquakes, the Rock Valley
Direct Comparison Experiment was conceived. We will conduct two chemical explosions at similar
hypocenters to the earthquake sequence to understand the discrimination features between these
types of events. We have systematically relocated the 1993 events, varying velocitymodels and codes,
but using a common pick data set to choose the experiment borehole. Three additional boreholes
are planned and will be instrumented to obtain microseismicity data, sample fault properties, and
record the chemical explosions. We are installing a dense seismic network, including re-occupying
stations that recorded the 1993 earthquakes. We have developed a 3-D geologic framework model
for visualization, and for modeling and simulation efforts. We expect this unprecedented data set
will address seismic waveform differences between earthquake and explosion sources.

O2.3-270 – Simulations and Analyses of Source Physics Experiments: Impact
on Explosion Monitoring and Discrimination

Author: Souheil Ezzedine1

Co-authors: Oleg Vorobiev1; William R. Walter2; Jeffrey Wagoner1; Tarabay Antoun1

1Lawrence Livermore National Laboratory (LLNL)
2U.S. Department of Energy, National Nuclear Security Administration

The Source Physics Experiments (SPE) are a series of controlled chemical explosions at the Nevada
National Security Site to gather observations, validate physics-based numerical models and under-
stand the genesis of shear waves to improve nuclear discrimination and monitoring capabilities.
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Executed between 2011 and 2016, Phase I of SPE encompassed six collocated chemical explosions
executed in hard granite with different yields at different depths. Phase II included four chemical
explosions executed in 2018 and 2019 in soft dry alluvium. Phase III, however, includes two planned
chemical explosions in a dominant dolomite geology and collocated with a 1993 shallow earthquake.
LLNL has developed a comprehensive numerical framework to simulate from source-to-receivers,
the waves generated from the non-linear explosion source-region to linear-elastic seismoacoustic
distances. We present the analysis of SPE Phases I & II collected data, summarize how modeling pre-
dictions compared to observed data and draw lessons learned. We share insight on the main mech-
anisms of generating shear motions in granite, alluvium and dolomite. Moreover, we developed
schemes of uncertainty propagation of the geological characterization and geophysical parameters.
We present impacts of those uncertainties on designing of Phase III tests, predicting the near-field
responses of planned tests, and enhancing source discrimination.

O2.3-340 – The Korean Infrasound Bulletin: Detection, Association and Event
Location

Author: Junghyun Park1

Co-authors: Stephen Arrowsmith1; Il-Young Che2; Chris Hayward1; Brian Stump1

1Southern Methodist University
2Korea Institute of Geoscience and Mineral Resources (KIGAM)

Long term infrasound event bulletins are useful for identifying repeating sources from a common
location, quantifying source characteristics and studying the time-varying nature of the atmosphere.
We produce a regional infrasound bulletin in the Korean peninsula region for the time period from
1999 to 2021. We use data from six infrasound arrays in South Korea, cooperatively operated by
Southern Methodist University and Korea Institute of Geoscience and Mineral Resources, and from
two International Monitoring System infrasound stations in Russia and Japan. The detection pro-
cedure uses an adaptive F-detector that inputs arrival time and back azimuth into the Bayesian In-
frasonic Source Location procedure. The bulletin consists of 34 218 events spanning over 23 years
and produces locations indicative of repeated events from many different source types, including
shallow-depth earthquakes, explosions from limestone mines and quarry operations. Most events
occur during working hours and days, suggesting a human cause. We quantified the false association
using the perturbed detection time simulation and reviewed the events with many associated arrays.
The ray tracing using the Ground-to-Space atmospheric model generally predicts the infrasound ar-
rivals when strong stratospheric wind exists, while local weather data can contribute to explaining
the propagation path effects to arrays in some cases.

O2.3-448 – Seismic Source Characterization and Screening with Moment Ten-
sors: Case Study of the mb 4.7 Mining Event in Kiruna, Sweden, on 18 May
2020

Author: Celso Alvizuri1

Co-authors: Andreas Kohler1; Ben Dando1; Tormod Kværna1

1Norwegian Seismic Array (NORSAR)

On 18 May 2020, a seismic event with mb 4.7 and MS 3.9 (International Data Centre) occurred in
Kiruna, northern Sweden, at an active iron mine (Luossavaara-Kiirunavaara AB, LKAB). This event
was widely observed at broadband seismic stations throughout Nordic countries and as far away as
Iceland, Greenland, the UK and continental Europe. Both the operatingmining company and various
seismological agencies have reported the event as induced or anthropogenic. However, screening
procedures at the International Data Centre reported an MS/mb score of -2.03, and as a result the
event could not be screened out as non-nuclear in origin. Using waveform data from all possible
InternationalMonitoring System stations and openly available seismic stations, we estimatemoment
tensors with uncertainties for this and other events using the methodology of Alvizuri et al (2018)
which has proven successful in characterizing and screening various other events, including the
six nuclear tests in the Democratic People’s Republic of Korea and a collapse event eight minutes
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after the 2017 nuclear test at the same location. The results for the nuclear tests reveal mechanisms
with positive isotropic parameters, while collapse events as observed at Kiruna and the Democratic
People’s Republic of Korea reveal negative isotropic parameters, which suggest that future screening
criteria would benefit from using moment tensors and source-types.

O2.3-744 – The use of a Local Infrasound Mobile Array and the International
Monitoring System IS42 Station in Monitoring Seismovolcanic Crisis on São
Jorge Island, Azores in 2022

Authors: Maria do Céu Jesus1; Sandro Matos1

Co-authors: Giacomo Belli2; Duccio Gheri2; Nicolau Wallenstein1; Emanuele Marchetti2

1Instituto de Investigação em Vulcanologia e Avaliação de Riscos (IVAR)
2University of Firenze (UNIFI)

The São Jorge seismovolcanic crisis in 2022 provided an opportunity to deploy a portable infrasound
array (SJ1) on the island, in a collaborative work between the University of the Azores (UAc) and the
University of Florence (UniFI). This four-element array became operational on 2 April 2022 firstly
with a diamond geometry, and after 3 May 2022 with a centred triangular design. Therefore, SJ1 in
association with the International Monitoring System infrasound station IS42, located on Graciosa
Island at ~41 km distance, formed a temporary monitoring network, aiming to assist the monitoring
activities related with the volcanic unrest in São Jorge Island. Both have different equipment, mainly
regarding on sensor’s type: SJ1 is composed of four differential pressure transducers and the signal is
digitized at 100 sps, while IS42 is formed by eight absolute microbarometers rearranged into a three-
element triangular small aperture within a five-element pentagonal aperture and signal digitized at
20 sps. We present here two examples of detections registered: (1) seismoacoustic signals associated
to a low magnitude earthquake at São Jorge, and (2) a meteor offshore north of São Miguel Island,
allowing to validate the overall detection capability and the importance of this type of solution to
monitor local seismovolcanic activity.

P2.3 Seismoacoustic sources in theory and practice

P2.3-137 – The Rock Valley Direct Comparison instrumentation plan

Author: Robert Abbott1

Co-authors: Christian Poppeliers1; Richard Alfaro2; Arben Pitarka3; Cleat Zeiler4

1Sandia National Laboratories (SNL)
2Los Alamos National Laboratories (LANL)
3Lawrence Livermore National Laboratory (LLNL)
4U.S. Department of Energy, National Nuclear Security Administration

The Rock Valley Direct Comparison (RV/DC) project is the third phase of the Source Physics Ex-
periment (SPE). Under RV/DC, two chemical explosions will be detonated near the hypocenters of
a sequence of anomalously shallow earthquakes on the Nevada National Security Site. The explo-
sions (nominally 1,000 and 10,000 kg TNT-equivalent) will be recorded by an extensive array of
multi-physics sensors. This will be the first direct comparison of earthquake and explosion signa-
tures originating from nearly identical hypocenters. The direct comparison will enable researchers
to exploit the physical differences between explosion and earthquake sources sharing the same prop-
agation path and recording sensors.
Here, we present the multi-physics sensor network we plan to deploy, which includes seismic, infra-
sound, distributed fiber optic and GPS stations. These instruments will be deployed on the Earth’s
surface, in deep boreholes, and on aerial balloon platforms. A full distribution of propagation ranges
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will be covered, from near-source (tens of meters), to regional (hundreds of kilometers) distances. We
anticipate these signals will provide key metrics in next generation monitoring systems.

P2.3-166 – Kazakhstan IMS Stations Recording the Quarry Blasts Conducted
on the Territory of the Former Semipalatinsk Test Site

Author: Aidyn Mukambayev1

Co-author: Natalya Mikhailova1

1National Nuclear Center of the Republic of Kazakhstan

On the Semipalatinsk Test Site territory there are several mineral deposits at some of which the
active mining is observed. The most blasts are conducted at Karazhyra coal quarry. Three IMS
stations, Makanchi (PS23), Borovoye (AS057), Kurchatov-Cross (AS058), are recording these quarry
blasts. The quarry-to-stations distance is 452 km, 668 km, and 68 km respectively. For 19 years of
observation, about 2800 quarry blasts were recorded. The analysis of the routine processing results
from the automated and interactive bulletin of Kazakhstan NDC showed that the field of obtained
epicenters exceeds the quarry size. To understand the reasons of such scatter, the waveforms were
processed in detail. For the processing and analysis of the waveforms, Geotool and DTK – GPMCC
software were used. It was revealed that the azimuths values of different regional phases Pn, Pg, Sn,
Lg differ from each other and have different dispersion. There are systematic deviations of azimuths
for some phases. The clear dependence of the epicenter accurate measurement on energy (yield) of
blasts was noted. The human factors influencing on the estimations accuracy were also found. The
recommendations on processing were given to the KNDC analysts to improve location accuracy and
discriminations of seismic events.

P2.3-189 – The Central and Eastern European Infrasound Network

Author: Istvan Bondar1

Co-authors: Tereza Sindelarova2; Daniela Ghica3; Ulrike Mitterbauer4; Oleksandr Liashchuk5; Cristian Neagoe3;
Marcell Pásztor6; Jiri Base2; Jaroslav Chum2; Constantin Ionescu3; Csenge Czanik1; Daniel Topal1; Alexis Le Pichon7

1Research Centre for Astronomy and Earth Sciences (ELKH)
2The Czech Academy of Sciences, Institute of Atmospheric Physics
3National Institute for Earth Physics (NIEP)
4GeoSphere Austria
5Main Centre of Special Monitoring, State Space Agency of Ukraine
6ELTE Eötvös Loránd University, Institute of Geography and Earth Sciences
7Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

We introduce the Central and Eastern European Infrasound Network (CEEIN) established in 2018 as
a collaboration between the Zentralanstalt für Meteorologie and Geodynamik, Vienna, Austria; the
Institute of Atmospheric Physics of the Czech Academy of Sciences, Prague, Czech Republic; the Re-
search Centre for Astronomy and Earth Sciences of the Eötvös Loránd Research Network, Budapest,
Hungary; the National Institute for Earth Physics, Magurele, Romania and the Main Centre of Spe-
cial Monitoring National Center for Control and Testing of Space Facilities, State Agency of Ukraine.
Waveform data of the CEEIN stations are archived at the NIEP EIDA node, and can be downloaded
from www.ceein.eu.
We demonstrate that CEEIN improves infrasound event detection capabilities in Southern and East-
ern Europe, and show that adding infrasound observations to seismic data in the location algorithm
improves location accuracy. We identify coherent noise sources observed at CEEIN stations. We
present the biannual CEEIN bulletin of infrasound and seismo-acoustic events, our contribution to
the European infrasound catalogue. Many of the events in the CEEIN bulletin are ground truth
events that can be used in the validation of atmospheric models.
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P2.3-191 – Registration of Exogenous Phenomena by Seismic Stations in Kyr-
gyzstan

Author: Elena Pershina1

Co-authors: Inna Sokolova2; Anna Berezina1

1Institute of Seismology, National Academy of Sciences of the Kyrgyz Republic
2Geophysical Survey Russian Academy of Sciences

The National Data Center of Kyrgyzstan daily monitors seismic events of various nature, most of
which are tectonic earthquakes and quarry blasts. Sometimes seismic stations in Kyrgyzstan regis-
ter unusual phenomena associated with exogenous geological processes, such as landslides, snow
avalanches, rockfalls and mudflows. Landslides and snow avalanches can be caused by both tec-
tonic processes and geological, geomorphological and hydrogeological conditions, climate change,
as well as the impact of a complex of anthropogenic factors. According to the records of Kyrgyzs-
tan’s seismic networks the features of the waveform of a powerful landslide on November 30, 2019
~23-43 GMT in the area of the Kumtor gold deposit were studied, the volume of which was 12.825
million cubic meters. The waveforms of another landslide on September 14, 2020 in the area of the
Kara-Keche coal deposit with a volume of ~1 million cubic meters were studied. As well as seismic
records of a glacier retreat with a volume of ~2 million cubic meters in the area of the Juuku gorge on
July 8, 2022 ~08-44. It is shown that landslides in the areas of the Kara-Keche and Kumtor deposits
are caused by anthropogenic activity, and the glacier collapse is caused by climate change.

P2.3-199 – Seismic Events in Central Kazakhstan According to the Monitoring
Network of the National Nuclear Center of the Republic of Kazakhstan

Author: Abylay Uzbekov1

Co-author: Natalya Mikhailova1

1National Nuclear Center of the Republic of Kazakhstan

Over the past ten years of observations by the seismic monitoring network of the National Nuclear
Center of the Republic of Kazakhstan, seismic events of a different nature have been registered on
the territory of central Kazakhstan. The largest number of these events are quarry explosions at
deposits of solid minerals. But there are also tectonic earthquakes and natural-technogenic events
induced by prolonged explosive activity in the field. Despite the fact that earthquakes are rarely
recorded in such ‘weakly seismic’ areas, quite strong earthquakes can occur there, causing damage
to the existing infrastructure near their sources. The paper presents materials on the study of the
nature of seismic events and their interrelations with the deep structure of the environment, the
tectonics of Central Kazakhstan and the distribution of anomalies of geophysical fields.

P2.3-234 – Military Depot Bursts in the South of Kazakhstan and Uzbekistan
by Data of Kazakhstan Monitoring Network Stations

Author: Nurbek Seinassinov1

Co-authors: Aidyn Mukambayev1; Natalya Mikhailova1; Ruslan Uzbekov1

1National Nuclear Center of the Republic of Kazakhstan

In recent years there were several tragic accidents at military depots in the south of Kazakhstan
(Arys, Taraz) and in Uzbekistan (Malik) resulting in destruction of buildings, injuries and loss. All
these bursts were recorded by Kazakhstan seismic stations. The closest station to the epicenters
of all bursts was Karatau seismic array, part of the National Nuclear Center monitoring system of
the Republic of Kazakhstan. Using the data of this station, the explosions were located, energy
parameters were calculated and the waveforms were analysed in detail. Each of the three cases had
a different “scenario” of explosion sequence. In Arys, there were more than 30 bursts with energy
class (K) ranging from 4.8 to 7.8. In Taraz there were 17 bursts, with K value ranging from 4.3 to
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8.1. In Uzbekistan there was one explosion with K=7.8. The wave pattern and spectral density were
analysed using the f-k analysis, DTK – GPMCC, Geotool. The knowledge of the exact epicenter
location of the bursts allowed them to be considered as ground-truth events. The location accuracy
of different bursts using the data of one seismic array was estimated. The regional travel-time curve
of seismic waves for south Kazakhstan was specified.

P2.3-306 – Evaluation of Nordstream Explosions Using NDC in a Box Software

Author: Ulrike Mitterbauer1

1GeoSphere Austria

Two seismoacoustic events occurred on 26 September 2022 close to Bornholm Island in the Baltic
Sea. Both events were listed in the Reviewed Event Bulletin of CTBTO as they were detected with
the International Monitoring System. As the events were classified as a critical event by the Austrian
National Data Centre, the available data were analysed in detail. The earlier event, with a published
body wave magnitude mb 3.1, at 00:03 UTC was recorded at three seismic stations and at the in-
frasound station IS26. The later event at 17:03 UTC with a body wave magnitude mb 3.2 was even
recorded at seven seismic stations and at the two infrasound stations IS26 and IS43. Furthermore,
the later event was detected at the Austrian infrasound station ISCO.
A first assessment of data, which were analysed by using the DTK-GPMCC, confirmed the explosive
nature of the events due to extraordinary infrasonic detections. Further analysis was carried out
using waveform analysis tools available within NDC in a box (GeotoolQt and Geotool). Seismic data
of the events from 26 September 2022 were compared with data of a natural seismic event which
occurred in Croatia on 1 October 2021 and the explosive character of the events could be confirmed.

P2.3-317 – Constraining Moment-Tensor and Source Depth of a Mine Quake
Using Local Infrasound Data

Author: Antoine Turquet1

Co-authors: Quentin Brissaud1; Sven Peter Nasholm1; Celso Alvizuri1; Johan Kero2; Constantino Listowski3; Tor-
mod Kværna1; Alexis Le Pichon3

1Norwegian Seismic Array (NORSAR)
2Swedish Institude of Space Physics (IRF)
3Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

Previousworks have demonstrated potential in using infrasound data to constrain earthquake source
properties (Hernandez 2016; Shani-Kadmiel 2018, 2021; Averbuch 2020). Typically, the applied ap-
proaches are based on comparing modelled and recorded signals. In the current study we seek to
constrain the source depth and moment-tensor. We use infrasound data from local and seismic data
from local and regional stations. We use the data from the Kiruna 2020 mine quake of which the local
and regional recorded infrasound signatures have been presented at previous venues. This event is
one of the largest Scandinavian mining-induced earthquake. It produced signals recorded by three
infrasound arrays at distances of 7 km (KIR), 155 km (IS37) and 286 km (ARCI). Our recent stud-
ies show: (1) Full moment-tensor estimated from the seismic data, and source-type analysis shows
that this event has collapse features. (2) Data simulation comparison of seismoacoustic data for
various possible source depths using SPECFEM-DG concludes that the local infrasound data helps
estimating source depths. (3) Comparison of simulated infrasound signals using full moment ten-
sor solution estimated in this study and the full moment tensor solution from GCMT showed that
our full moment-tensor solution produces infrasound signals having a better agreement with the
observations.

P2.3-322 – Open Access Products from International Monitoring System Infra-
sound Bulletins for Atmospheric Science Applications
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Author: Patrick Hupe1

Co-authors: Lars Ceranna1; Alexis Le Pichon2; Robin Samuel Matoza3; Pierrick Mialle4

1Federal Institute for Geosciences and Natural Resources (BGR)
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3University of California, Santa Barbara
4CTBTO Preparatory Commission

We introduce infrasound data products of all certified International Monitoring System infrasound
stations for scientific studies and applications. We have reprocessed the IMS infrasound waveform
data of the last 20 years using the Progressive Multi-Channel Correlation (PMCC) method, config-
ured with one-third-octave frequency bands between 0.01 and 4 Hz. From the comprehensive de-
tection lists we derived four products for each of the 53 stations. These cover different frequency
ranges and temporal resolutions, and thus different sources. The low-frequency product (0.02–
0.07 Hz, 30 min) primarily covers mountain-associated waves. The second product mainly reflects
the spectral peak of microbaroms (0.15–0.35 Hz, 15 min). Higher frequencies of microbaroms and
other sources are summarized in the third product (0.45–0.65 Hz, 15 min). Observations with centre
frequencies of between 1 and 3 Hz (5 min) are part of the high frequency product. Our intention for
these data products is to facilitate using this unique global infrasound dataset for scientific applica-
tions. The products open up the IMS observations to user groups who do not have access to IMS data
or are unfamiliar with data processing using the PMCC method. We demonstrate the data products
based on recent and global atmospheric infrasound sources, such as volcanic eruptions and ocean
ambient noise.

P2.3-339 – A Collection of Romanian Infrasound Observations from Ground
Truth Sources

Author: Daniela Ghica1

Co-authors: Radu Mihai Popovici1; Constantin Ionescu1

1National Institute for Earth Physics (NIEP)

Starting with 2009, three infrasound stations have been deployed on the Romanian territory by the
National Institute for Earth Physics: (1) IPLOR (in central Romania), (2) BURARI (in northern Roma-
nia) – under cooperationwithAFTAC (USA), and (3) I67RO temporary PTS portable array (inwestern
Romania) as a two-year experiment (2016-2018), within a collaboration project with the Provisional
Technical Secretariat. Data recorded with these stations are continuously processed and analysed
at theRomanian National Data Centre by running a duo of infrasound detection-oriented software –
DTK-GPMCC and DTK-DIVA – packaged into NDC in a box. A significant set of detected infrasound
signals could be associated to ground truth events located by the International Data Centre (REB,
LEB) and seismological centres (EMSC, ISC). Further details were obtained from the fireball database
published by CNEOS/JPL. The main types of ground truth sources observed with Romanian infra-
sound arrays are bolides, earthquakes, chemical/accidental/military explosions, volcanic eruptions,
and anthropogenic activity (mining, sonic booms). Collected information summarizes the ground
truth source, Romanian infrasound stations detecting the event, predicted infrasound arrivals, asso-
ciated infrasound detections, and detection plots related to the event, and is accessible via HTML
interface. The geographical distribution of the ground truth events can be plotted with Google Earth
software using a KML file containing the location of the events.

P2.3-377 – Acoustic Signal Identification of Submarine Seismic

Authors: Shiyan Wei1; Yanming Yang1; Hailin Ruan1

1Third institute of oceanography, Ministry of natural resources

International Monitoring System H phase stations have great potential for submarine earthquake
monitoring in the southern hemisphere. The hydrophones could record low frequency sounds from
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extensive areas. However, some seismic signals from different areas would have similar characteris-
tics in a short time interval. It is difficult to locate the epicenter using only the azimuth and arrival
time from the hydrophone triplet. Therefore a submarine seismic location model was built based on
the time delay of the P-wave and T-wave at a hydrophone to obtain the sound propagation distance.
Arrival times were extracted based on the Akaike information criterion. Combined with the back
azimuth, the event time and location could be acquired via a single triplet. Furthermore, the pro-
posed method is applicable to the identification of hydrophone signals under the informed seismic
bulletin. The correspondence between signals and earthquakes contributes to the construction of AI
algorithmic datasets for seismic signal detection. Over 940 submarine earthquakes (≥M 4.0) were lo-
cated using the proposed method, and the locations were verified by using the USGS bulletin which
were recorded from 2014 to 2020 by two hydrophones triplets of International Monitoring System
hydroacoustic station HA3 located at the Juan Fernandez Islands.

P2.3-398 – Systematic Event Analysis of International Monitoring System Hy-
drophones to Identify and Categorize Hydroacoustic Sources

Author: Christoph Pilger1

Co-authors: Peter Gaebler1; Andreas Steinberg1

1Federal Institute for Geosciences and Natural Resources (BGR)

In this study we aim at discriminating hydroacoustic sources by identifying on the one hand source
typical signal features derived from event catalogues and by characterizing on the other hand wave-
form similarities using clustering analyses of raw hydroacoustic data. Wemake use of event bulletins
derived from the application of the Progressive Multi Channel Correlation method on International
Monitoring System hydrophone data and from Reviewed Event Bulletin (REB) entries with hydro-
phone stations involved. We apply a general source discrimination by quantifying signal parameters
like frequency content, time duration, waveform shape and signal amplitude and categorize sources
using previously identified signal properties from literature. We further compare the rawwaveforms
of International Monitoring System hydrophone data during time segments of event detections and
apply clustering analyses to separate waveform families by their similarity to each other and to
certain reference events. We also suggest to include additional information from propagation mod-
elling, bathymetry and ocean conditions to explain the observed event signatures and to connect
them to different hydroacoustic sources and source regions. We finally compare our results with
other approaches on signal discrimination and classification and try to estimate the precision and
sensitivity as well as general feasibility and usefulness of our method.

P2.3-410 – ParMT –Parallel Software for Shallow Seismic Events JointMoment
Tensor, Depth and Magnitude Determination

Authors: Mikhail Rozhkov1; Ivan Kitov2

Co-author: Ilya Dricker1

1Instrumental Software Technologies, Inc. (ISTI)
2CTBTO Preparatory Commission

The International Data Center is required to conduct expert technical analysis (ETA) and special stud-
ies to improve event parameters and assist States Parties in identifying the source of specific events,
according to the Protocol to the Comprehensive Nuclear-Test-Ban Treaty. Source mechanism and
event depth are two parameters whichmay be crucial for the event discrimination task. To introduce
them into the Provisional Technical Secretariat commissioning, we have conducted testing and tun-
ing of the ParMT branch of the SHI-ETA suite. The ParMT software is a new tool for shallow seismic
event depth determination and source parameters characterization. Source properties are estimated
via grid search over moment tensors. We follow Tape and Tape (2015) to uniformly discretize the
moment tensor space, then determine the optimal moment tensor, magnitude and depth by compar-
ing observed seismograms with synthetic waveforms. The software solves for the moment tensor for
major types of sources (ISO, DC, CLVD) and source-receiver distances, as well as for the observed
body and surface waves. A powerful user interface is included providing the whole analyst work

Page 70



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

cycle, from picking arrivals and polarity to final report generation. For ETAs, International Monitor-
ing System as well as non-International Monitoring System data can be jointly used in processing.

P2.3-432 – InternationalMonitoring SystemPortable InfrasoundArray inCôte
d’Ivoire: Opportunity to Study Local and Regional Infrasound Sources

Author: Komenan Benjamin Kouassi1

Co-authors: Fidele Yoroba1; Adama Diawara1

1Station Geophysique de Lamto

TheNational Data Centre of Côte d’Ivoire and the PTS installed a portable infrasound network (I68CI)
from mid-January to December 2018 in the Comoé National Park located in north-east Côte d’Ivoire.
This mobile station includes four sensors and use MB3d microbarometers with 50 Hz sampling fre-
quency. The main objective of this one-year deployment is to better understand and characterize
regional infrasound sources. Some regional and local infrasound sources are detected by both a
mobile array (I68CI) and a fixed array (I17CI). Among these sources, we note Mbembele (Mali) and
Tongon (Côte d’Ivoire) mine activities. Hydroelectric power dam (Buyo, Soubre and Taabo) activities
are also detected in Côte d’Ivoire. The split characteristics of the tropical Mesoscale Convective Sys-
tem of 9 April 2018 in northern Ghana is also investigated using the mobile array (I68CI) measured
data.

P2.3-484 – Investigation of the P/S Discriminant at Local Distances Using Sim-
ulated Waveforms

Authors: Arben Pitarka1; William R. Walter2

1Lawrence Livermore National Laboratory (LLNL)
2U.S. Department of Energy, National Nuclear Security Administration

The impact of wave propagation effects on the performance of the P/S ratio local discriminant is
being evaluated during the third phase of the Source Physics Experiment, the Rock Valley Direct
Comparison (RV/DC), conducted at the Nevada National Security Site. During the experiment a
chemical explosion will be detonated near the hypocenter of a shallow earthquake. The direct wave-
form comparison on a dense network of seismic sensors will enable the investigation of seismic
source signatures and discrimination between explosion and earthquakes sharing the same propaga-
tion path. We used high-frequency (0-10Hz) groundmotion simulations to emulate the RV/DC exper-
iment in order to investigate the generation and propagation of seismic waves at local distances, and
the performance of the P/S source discriminant. The numerical experiments were performed using
high-performance computing and a local velocity model with correlated depth-dependent stochastic
velocity and density perturbations, that are needed for simulating wave scattering on a frequency
range of monitoring interest. We found that at local distances the P/S discriminant is strongly af-
fected by the degradation of the radiation pattern of source generated P and S waves due to wave
path effects in the shallow crust, and that network averaging improves the overall discriminant
performance.

P2.3-490 – Full Moment Tensor and Source Characteristics of Nuclear Explo-
sions at the Lop Nor Test Site, China

Authors: Jonas Kintner1; Ryan Modrak1; Peter Nelson1; Chandan Saikia2

1Los Alamos National Laboratory (LANL)
2Air Force Technical Applications Center (AFTAC)
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We investigate historical nuclear tests from the Lop Nor region, China, using waveform-based source
inversions and three-dimensional waveform modeling. Despite sparse data distributions and low
signal-to-noise ratios, we recover isotropic moment tensor solutions for historical explosions and ob-
tain detailed uncertainty information from likelihood evaluations over magnitude, depth, and the en-
tire space of moment tensor source type and orientation parameters. We identify a one-dimensional
(1-D)Western China Earth model that provides improved waveform fits, reduced cycle skipping, and
drastically improved uncertainty estimates compared with spherical-average Earth models. Prelim-
inary 3-D forward modelling results show yet further promise for improving source constraints. By
exploring the entire source parameter space, we account for tradeoffs that become important for the
determination of source type, depth of burial, and yield in sparse monitoring scenarios. Subsequent
likelihood-based uncertainty analysis shows the importance of accounting for differences in data
variance between body waves, Rayleigh waves, and Love waves and allows for straightforward data
fusion between waveform, travel time, and polarity measurements.

P2.3-498 –The InfrasoundReference EventDatabaseNeeds to beRevised

Author: Abdelouaheb Agrebi1

1Former CTBTO Preparatory Commission

The International Monitoring System (IMS) of the Comprehensive Nuclear-Test-Ban Treaty Organi-
zation (CTBTO) comprises four verification technologies that work in synergy to enable the detec-
tion, location, and identification of potential nuclear explosions. One of the four technologies is the
infrasound which listen to corresponding sound waves. As of 2022, Fifty-three from sixty planned
IMS infrasound stations are recording corresponding pressure fluctuations. In this regard and in or-
der to support the National Data Centres (IDC ) and infrasound analysts, the IDC produced on 9 July
2010 the Infrasound Reference Event Database (IRED) to collect, review and document infrasound
events of special interest and to archive the data for each event into database tables to be used for
training, testing and validation purposes. IRED contains 616 events grouped in 12 categories. In the
last 12 years, infrasound stations detected more events of special interest which can be added to the
database. New infrasound stations were certified after 2010 and recorded more interesting events.
Moreover, some existing events in IRED need to be corrected. In this poster we will show that IRED
needs to be revised and updated using existing events from the database and some new detected
events.

P2.3-501 – Improving Localization of Mining Activities Using Infrasound and
Seismic Data: A Case for I35NA and I47ZA

Authors: Onkgopotse Ntibinyane1; Joseph Maritinkole2

1CTBTO Preparatory Commission
2Botswana Geoscience Institute

Seismological bulletins from local and regional seismic stations have identified signals associated
with mining explosions in the Orapa mining area, Botswana. Here we present the results of inte-
grating detections from regional seismic networks and the International Monitoring System (IMS)
network. Using the local bulletins and catalogs, we requested IMS data via the Extended NDC-in-A-
Box (ENIAB) and retrieved local station data using the Obspy library. The combined analysis of seis-
mic and infrasound signals gave additional information about the origin time and location of events
as well as distinguishing mine explosions from natural events. Infrasound detections were gener-
ated using the ENIAB’s DTK-GPMCC whereas Geotool was used to analyse seismic data. Geotool
was also used to create a final integrated bulletin. Combining the infrasound stations of IS47 (South
Africa) and IS35 (Namibia) with the local seismic stations improved the location of these seismoa-
coustic events.

P2.3-508 – Volcano Seismology in Afar and the Northern Main Ethiopian Rift
(MER): Potential Sources for Ground Truth Events
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Author: Atalay Ayele1

1Addis Ababa University (AAU)

Hundreds of years has elapsed since earthquakes started to be instrumentally recorded. However,
our understanding of magmatic rifting and other complicated source features that we observe today
was limited due to the absence of digital seismic records at epicentral distances of interest. After
the advent of digital broadband instrumentation with wide dynamic range, volcano seismology has
become one of the strongest disciplines contributing to the study of magmatism. Over 20 volcano-
tectonic earthquake sequences have occurred in Afar and the northern main Ethiopian rift for the
last couple of decades and the corresponding seismic data are recorded by temporary and permanent
broadband seismic network. This shows that there are several active volcanic and fissure eruptive
centers in the area which need monitoring to study continental rift mechanisms and for mitigating
volcano and earthquake hazards. Moderate size earthquakes from these active volcanoes can be used
as a reasonable ground truth event so as to improve the regional travel times curves.

P2.3-525 – Studies on Infrasound Technology Applied to the Discrimination
of Chemical Explosions From Tectonic Events

Author: Darlan Portela Fontenele1

Co-authors: Lucas Barros1; Juraci Mario De Carvalho1

1University of Brasilia, Seismological Observatory

This work has the goal to present a useful method to help in the discrimination of natural events
(tectonics) from artificial events (chemical explosions in quarries blasting) when both sources are co-
located. This is a frequent problemwhere the seismicity is triggered by stress released due tomaterial
removal in mines. With that purpose, we are conducting experiments using local infrasound stations
to monitor blasting in quarries, recording infrasonic signals from detonations and infrasonic signals
generated by earthquakes, in case they are present. Our work is done considering two scenarios,
one of them using one co-located seismic and infrasound stations installed where there are blasting
in mines and natural events (up to 30 km distant). We have already managed to get some results
with this configuration. The other scenario we are in our way to implement two infrasound arrays
(triangular shape four elements each) and a seismic network where there are blasting in mines and
natural events. This implementation will be done soon. Our initial findings is that the few induced
earthquakes occurred at a mining open pit did not produce any detectable infrasonic signal, hence
we managed to discriminate them from the mining blast occurred at the same spot.

P2.3-544 – Recent Trends in International Data Centre Infrasound Analysis

Author: David Applbaum1

Co-authors: Gerard Rambolamanana1; Marcela Villarroel1; Paulina Bittner1; Pa Pa Tun1; Tea Mumladze1; Ehsan
Qorbani Chegeni1

1CTBTO Preparatory Commission

The Comprehensive Nuclear Test-Ban Treaty Organization (CTBTO) uses infrasound to measure
acoustic impulses in the atmosphere that could be indicative of an atmospheric nuclear test or ex-
plosion. However, many other events analysed by analysts at the International Data Centre (IDC)
and appear in IDC products such as the Reviewed Event Bulletin. Examples include gas pipeline ex-
plosions, rocket launches, volcanoes, meteors, and many others. In the past several years, two new
infrasound stations were introduced to the network: IS20, in the Galápagos Islands (2018), and IS25,
in Guadeloupe (2020). Here, we show some examples of the new perspectives that these stations
give on events such as the recent activity from the Sangay volcano and regional rocket launches re-
spectively. We also describe our experience with the recent (2022) upgrade in the analysis software
to a newer version called DTK-GPMCC. By showing these salient events and giving some insight
into the software used by analysts, we hope to present a picture of how infrasound analysis currently
looks at the IDC.
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P2.3-571 – Analysis of the North Stream Underwater Blasts in the Baltic Sea
on 26 September 2022

Author: Tine Larsen1

Co-authors: Peter Henrik Voss1; Trine Dahl-Jensen1; Nicolai Rinds1; Björn Lund2; Peter Schmidt2; Michael Roth2;
Gunnar Eggertsson2; Andreas Kohler3; Bettina Goertz-Allmann3; Celso Alvizuri3; Johannes Schweitzer3; Volker
Oye3; Christian Weidle4

1Geological Survey of Denmark and Greenland (GEUS)
2Dept of Earth Sciences, Uppsala University, Sweden
3Norwegian Seismic Array (NORSAR)
4Institut für Geowissenschaften, University of Kiel

On 26 September, 2022 the International Monitoring System (IMS) detected two seismic events near
the Danish island of Bornholm. The events were seen in both seismic and infrasound data and were
located near the positions where large gas leaks from the North Stream were later observed. The
events were furthermore recorded by seismographs in the surrounding countries and analysed at
the National Data Centres. The waveforms exhibited clear properties of underwater blasts with
significant P energy and much smaller S- energy, as well as other characteristics not associated with
natural earthquakes. Further analysis revealed that particularly the second event may consist of
multiple blasts close in time and space. Analysis of the events included integration between IMS
data and regional data from Denmark, Sweden, Germany and Norway, and served as an exercise in
collaboration during an international crisis.

P2.3-804 – Seismoacoustic Listening of a Baltic gas Explosion

Author: Uchenna Onwuhaka Madu1

Co-authors: Abdulahi Sani1; Eromosel Oberafo1

1Nigeria Atomic Energy Commission, Abuja

This study provides an overview of a civil application of International Monitoring System (IMS) data
to assist in disaster mitigation. Two infrasound arrays coupled with seismic stations of the IMS
recorded the with Baltic Sea gas explosion on 26 September 2022. Underwater eruptions generate
air waves and pressure waves that can cause fluctuations in the different layers of the atmosphere.
Analysis of the event was done using GPMCC to test the operational readiness of these IMS stations.
The parameters studied were phase, frequency, magnitude, azimuth and slowness which were ob-
served to be consistent with theoretic values. The combined interpretation of seismic and infrasound
signals was used to obtain the location of the event. The study concludes that at local and regional
distances the IMS network is operational ready in a timely manner to contribute data towards a safer
environment.

P2.3-816 – The Reviewed Event Bulletin and the Standard Event List 3 Bulletin
for CPUP Scope Measurement

Author: Alcides Caballero1

Co-authors: Rafael Jose Fugarazzo Velazquez1; Vincent Hubert Rene Figueres2; Moisés Gadea1

1Universidad Nacional de Asunción
2Universidad Nacional de Asuncion

Paraguay, located in the middle of South America, is a low seismicity country. Nevertheless it has
been collecting data for a long time. The continuous operation of the station gives us the opportunity
to select several years of bulletin. This time five years of International Data Centre (IDC) detection
(from 2018 to 2022) were selected from bulletins (reviewed and automatics) that are used to break-
down the scope of the sensor detections and show the distribution of epicenters, which CPUP have

Page 74



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

been contributing to the IDC. The main purpose of this presentation is to illustrate in general how
quantitatively the station has been used for global detection.

P2.3-825 – Possible GT5 Events in Costa Rica

Author: Ronnie Quintero1

1Observatorio Vulcanológico y Sismológico de Costa Rica, Universidad Nacional (OVSICORI-UNA)

Starting in 2010, when the OVSICORI-UNA seismic network was upgraded with 24-bit digitizers
and broadband instruments, we selected possible candidates to GT5.0 seismic events from the seis-
mic catalog.
The GENLOC program was used to locate the events and the selection criteria were as follows: 1)
minimum number of stations greater than or equal to 30, 2) Gap less than 110 degrees, and 3) mini-
mum number of stations within 30 km greater than or equal to 1. In total, 707 events were selected.
The selected events are mostly in the central part of Costa Rica, with magnitudes between 1.9 and
6.0 Ml and depths ranging from 0 to 200 km.

P2.3-838 – Cambronero Landslide on 17 September 2022, 16:10 Local Time
Costa Rica

Author: Ronnie Quintero1

1Observatorio Vulcanológico y Sismológico de Costa Rica, Universidad Nacional (OVSICORI-UNA)

Landslides along the Inter-American Highway in Central Costa Rica, between San Ramon and Es-
parza are common, mostly during rainy season and are more related to instability due to the state
of alteration of the materials on the slopes than to local faults. The saturation of the soil and the
slopes could lead to the acceleration of these landslide processes even with earthquakes of moderate
magnitude. These earthquakes could occur both on the upper-crust faults, and along the subduc-
tion zone on the Pacific coast. Seismic local catalogue for the zone shows that earthquakes of low
magnitude had been located nearby, being the earthquake of 20 December 2005, at 09:00:45, Ml 3.9
the largest. On 17 September at 4:10 p.m. Costa Rican time, the Costa Rica emergency system was
informed of a bus accident in Los Chorros de Agua, Cambronero, Santiago de San Ramon, caused
by a landslide, where several persons died. Although the landslide was small in dimension, it was
detected by an infrasonic station, located on Poas Volcano ~36 km from the source and shows that
infrasound station, as is this case, can be used to characterize small landslides, among other local
infrasound sources.

O2.4 Atmospheric and subsurface radionuclide background and
dispersion

O2.4-059 – Revisiting What a Variety of Tracers can tell about the Occurrence
of Underground Nuclear Explosions

Authors: Pierre Adler1; Eric Pili2; Aliaksei Pazdniakou1; Valeri Mourzenko3; Jean-François Thovert3

1Sorbonne Université
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3Ecole Nationale Supérieure de Mécanique et d’Aérotechnique (ENSMA)
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Underground nuclear explosions induce a strong flow of air through the surrounding fractured
porous media, which carries radionuclides or chemical species. While radioxenon and 37Ar rep-
resent tracers scrutinized by the International Monitoring System and On-Site Inspection, respec-
tively, a larger variety of tracers is emitted at the ground surface: radioxenon and heat generated by
the explosion, radon and carbon dioxide naturally occurring underground and in the soil cover, re-
spectively. The objective is to determine the conditions under which these additional tracers would
help to better discriminate the origin of air masses and reduce uncertainty regarding the origin of
radioxenon in cases of high background signals.
This objective can be achieved by a recent code, which solves flow, tracer transport and thermal ef-
fects through a fractured porous medium on the Darcy scale (Pazdniakou et al., Pure Appl. Geophys.,
https://doi.org/10.1007/s00024-022-03038-4, 2022).
The influence of fractures and of their volumetric density is shown to be crucial on the evolution and
the distribution of the tracers at the surface. The natural atmospheric fluctuations play an important
role on the instantaneous tracer releases. A soil cover smooths out the ground distribution. Finally,
all the previous exhalations appear to be sufficiently large to be measurable.

O2.4-393 – Potential Impact of Molten Salt Reactors on Radionuclide Stations
of the International Monitoring System

Author: Johnathan Slack1

Co-authors: Cheslan Simpson1; Christine Johnson1; Jonathan Burnett1; Manish Sharma1

1Pacific Northwest National Laboratory (PNNL)

Molten Salt Reactors (MSRs) are a Generation IV nuclear reactor design that is currently under devel-
opment and testing in various countries around the world. The molten fuel provides an opportunity
for continuous processing of gaseous fission products which may impact the International Moni-
toring System (IMS). Simulations were performed for four MSR designs to predict the production
of IMS-relevant radionuclides during batch and continuous reprocessing schemes. Radioxenon and
radioiodine signatures were drawn from these simulations and compared to current reactor designs
(BRW, PWR, RBMK). For the case of continuous reprocessing of the fuel salt, the radioxenon and
radioiodine signatures were found to be indistinguishable from a nuclear explosion.

O2.4-497 – Evaluation of the Phase II Test of Xenon International on Mount
Schauinsland -What can beGained fromHigher Sensitivities and Shorter Sam-
pling Periods?

Author: Sofia Brander1

Co-authors: Aaron Orr2; Andreas Bollhofer1; J. Ole Ross3; James Hayes4; Mark Panisko4; Michael Mayer4; Michael
Robert Howard2; Roman Krais1; Ryan Sayne2; Sandra Baur

1Federal Office for Radiation Protection (BFS)
2Teledyne Brown Engineering, Inc
3Federal Institute for Geosciences and Natural Resources (BGR)
4Pacific Northwest National Laboratory (PNNL)

We will review data from Phase II testing of Xenon International at RN33. Xenon International is
a new generation radioxenon monitoring system developed by PNNL with a short sampling time
of 6 hours. Phase II testing of Xenon International was conducted from July 2021 to April 2022 at
International Monitoring System (IMS) radionuclide monitoring station RN33 on Mount Schauins-
land, Germany. Activity concentrations of spiked and selected environmental samples were verified
by reanalysis in either one of the IMS laboratories or the BfS noble gas laboratory in Freiburg. The
activity concentrations measured by Xenon International are consistent with data from the current
operational IMS system SPALAX at RN33, with sensitivities of Xenon International up to one order of
magnitude higher for Xe-131m, Xe-133m and Xe-135. Wewill investigate multiple isotope detections
and unusual single detections and explore the benefits of a 6 hour time resolution taking into account
new ATM backwards calculation with hourly resolution.
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O2.4-549 – Solution of the National Data Center Preparedness Exercise 2019
by Using Inverse Atmospheric Transport Modelling

Author: Sayed Mekhaimer1

1National Research Institute of Astronomy and Geophysics (NRIAG)

The National Data Center Preparedness Exercise 2019 (NPE- 2019) provides an opportunity to eval-
uate the ability of the National Data Center (NDC) to use available International Monitoring System
(IMS) data, techniques, and tools to verify compliance with the Comprehensive Nuclear-Test-Ban
Treaty. In NPE-2019, there are unusual detections of radioactive particulates (Cs-134, Cs-137, La-
140, and Ba-140) and noble gases (Xe-133, Xe-133m, and Xe-135) at some IMS stations. This NPE can
be solved by data fusion between solutions of seismic and infrasound detections and the forward at-
mospheric transport modelling. However, the current work will illustrate the ability to use adjoint
atmospheric transport model outputs, source-receptor sensitivity (SRS) fields from radionuclide IMS
stations and the corresponding concentrations values of those multidetections to confine the source
region and to estimate the source term.

O2.4-846 – Argon-37 Field System Measurements

Authors: Brad Fritz1; James Hayes1; Mark Panisko1; Thomas Alexander1

1Pacific Northwest National Laboratory (PNNL)

This presentation will highlight background measurements of Ar-37 samples that were conducted
at in Knoxville, Tennessee, USA to better understand the sources of atmospheric concentrations of
Ar-37 using the Argon-37 Field System. The PNNL designed and built Argon-37 Field System has
now processed and measured several hundred Ar-37 samples from both the soil gas and from the
atmosphere. The system was designed to process whole air samples from soil gas, the atmosphere
and from the output of radioxenon systems to detect Ar-37 in an above ground portable system.
During this campaign, samples were collected at location, near Xenon International, and sent back to
PNNL for processing andmeasurements as opposed to sending the system to a location and operating
it remotely. Correlation with radioxenon measurements from the same air mass were conducted and
will be discussed.

P2.4 Atmospheric and subsurface radionuclide background and
dispersion

P2.4-044 – Assessment of the Anthropogenic Radionuclides Cs-137 and Cs-134
Detected by the International Monitoring System

Authors: Modou Niang1; Ndeye Arame Boye Faye2

1Institute of Technology Nuclear Applied
2Autorite de radioprotection de Sûreté et Sécurité nucleaires

Anthropogenic radionuclides have been injected into the atmosphere by nuclearweapon programmes,
nuclear weapons testing, nuclear power plants and uranium mining. In this work, we considered
the activity concentrations of anthropogenic radionuclides (Cs-137 and Cs-134) detected in the In-
ternational Monitoring System (IMS) from January 2021 to December 2021. The main objective is to
determine the activity concentrations of anthropogenic radionuclides, classify the IMS (radionuclide)
according to the radioelement mapping and establish radioactivity levels in the IMS (radionuclide)
as well as radiological risk assessment by using Monte Carlo simulation.
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P2.4-049 –XENAH:XenonEnvironmentalNuclideAnalysis atHartlepool

Author: Andrew Petts1

Co-authors: Anders Ringbom2; Brian Milbrath3; Jonathan Burnett3; Judah Friese3; Manish Sharma3; Matthew
Goodwin4; Theodore Bowyer3

1EDF Energy
2Swedish Defence Research Agency (FOI)
3Pacific Northwest National Laboratory (PNNL)
4Atomic Weapons Establishment (AWE) Aldermaston

The Xenon Environmental Nuclide Analysis at Hartlepool (XENAH) collaboration involves scien-
tists from the U.K., U.S and Sweden who are performing measurements of routine emissions from
Hartlepool Power Station with cooperation of the reactor operator, EDF Energy. Three diverse and
complimentary radionuclide monitoring techniques are being deployed, aiming to characterize ra-
dionuclide emissions of an operating nuclear reactor and understand how emissions from such facil-
ities may affect the International Monitoring System. Direct measurements of radioxenon emissions
at source are being collected using a stack monitoring system. Remote, stand-off measurements of
radioxenon after atmospheric transport of several kilometres have been obtained using an array of
stand-alone air samplers and analysers. Ultralow background measurements of environmental sam-
ples which have been collected at and near the reactor have also been analysed. The results from
these measurements will provide a representative fingerprint of an operating civil nuclear facility
and provide knowledge of radioxenon backgrounds close to operating facilities. Isotopic ratios of
radioxenon will be calculated and compared to the discrimination line proposed by Kalinowski. The
measurement effort and techniques will be described, along with the scientific questions that aim to
be addressed. Preliminary results from measurements undertaken using the three complementary
techniques will also be presented.

P2.4-063 – Devices to Reduce the Emission of Radioactive Noble Gases from
Fission Radioisotopes Production Plants

Author: Eduardo Carlos Carranza1

1Comision Nacional de Energia Atomica de Argentina

The Medical Isotope Production (MIP) by fission release radioactive noble gases into the environ-
ment.
These emissions increase the environmental background and could hinder the mission of the Inter-
national Monitoring System (IMS) to detect early a nuclear explosion.
Argentina has been producing radioisotopes by fission since 1985 from the irradiation of Highly En-
riched Uranium (HEU) targets. In 2002, taking into account the country’s commitment with nuclear
non-proliferation, the targets were changed to Low Enriched Uranium (LEU), becoming the first
country in the world to achieve this goal.
Fission radioisotope production processes that dissolve targets in a basic medium generate two emis-
sion streams, air and hydrogen. Both must be treated separately.
There are a variety of devices to reduce radioactive noble gas emissions.
The poster describes the history of molybdenum production in Argentina and the conversion from
HEU targets to LEU targets. The origin of the different emission streams of radioactive noble gases
into the environment and their relative abundance are examined. Finally, different devices to reduce
their emissions are presented, analyzing their advantages and disadvantages.

P2.4-074 – The Global Appearance of Cs137 in IMS Samples and the Major
Sources for Repeating Observations at the Same Station

Author: Dorice Rashid Seif1

Co-author: Martin B. Kalinowski2

1Tanzania Atomic Energy Commission (TAEC)
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2CTBTO Preparatory Commission

Radiocesium (Cs-137) is one of the by-products of nuclear fission processes in nuclear reactors and
nuclear weapons testing. The deposits of Cs-137 on the ground are resuspended into the atmosphere
by different mechanisms like strong winds and forest fires. The major sources can be accidents from
nuclear reactors, such as the Chernobyl power plant accident and Fukushima as well as historic nu-
clear weapons tests in the atmosphere that occurred mainly from 1952 until 1962. This study aims at
assessing the global appearance of Cs-137 in IMS samples of more than two decades and identifica-
tion of major sources for repeating observations at the same station. Frequency comparison before
and after Fukushima as well as isotopic ratios of Cs-137 and Cs-134 will be performed. Moreover,
further analysis on Atmospheric Transport Modelling (ATM) with Web connected graphic engine
(Web grape software) for source location detection will be performed for backtracking the source of
the detected Cs-137, identification of the potential source region of the release as well as discrimi-
nating the source of such release, whether it is from nuclear testing or any other nuclear facilities.

P2.4-122 – Operation of Web-based Atmospheric Dispersion Model for a Nu-
clear Accident

Author: Kyung-Suk Suh1

Co-authors: Kihyun Park1; Byung-Il Min1; Sora Kim1; Jiyoon Kim1; Yoomi Choi1

1Korea Atomic Energy Research Institute (KAERI)

A radiological emergency preparedness system in Korea has been developed to predict the behavior
of radioactive material released into the environment and estimate the dose assessment for humans
in case of a nuclear accident. The system is composed of atmospheric dispersion, marine dispersion,
and dose assessment models, along with a graphic user interface module. It can evaluate the disper-
sion patterns of radionuclides in the air and ocean, and the short-term and long-term radiological
effects of a nuclear accident on humans. It has been constructed on the web to allow users to ac-
cess it easily and simply through an intrinsic IP address, username and password. The atmospheric
dispersion, marine dispersion and dose assessment models have already been validated by model-
to-model comparisons and measurements from the Chernobyl and Fukushima accidents. Especially,
the atmospheric dispersion model is connected with numerical weather forecast data produced by
Korea Meteorological Administration in real-time and the air concentrations are rapidly calculated
in the system.

P2.4-154 – Leveraging Local Scale Deep Autoencoder-Based Models to Charac-
terize Early Times of Global Atmospheric Transport

Author: M. Giselle Fernández-Godino1

Co-authors: Donald Lucas1; Lee Glascoe1; Stephen Myers1; Wai Tong Chug2

1Lawrence Livermore National Laboratory (LLNL)
2Stanford University

The International Monitoring System (IMS) monitors compliance with the Comprehensive Nuclear
Test-Ban Treaty (CTBT) using information collected by sensors (radionuclide, seismic, infrasound,
and hydroacoustic) placed around the world. Sensors, however, give limited information; hence
scientists at the International Data Centre (IDC) rely on data fusion and atmospheric transport mod-
eling (ATM) for producing reviews and bulletins. ATM codes often do not resolve local, sub-grid
scale information. However, local terrain features can cause the plumes from two releases that are
tens of meters away from each other to travel in completely different directions under the same
weather conditions. Accurate characterization of the transport of gases and particles at early times
after their release may play a crucial role in making an informative prediction at later times on the
global scale. Large eddy simulation (LES) transport codes, such as Aeolus, resolve turbulence using
physics-based equations but they are computationally expensive, and running them in an opera-
tional situation becomes intractable if many simulations are required. Therefore, we developed a
three-dimensional temporal deep autoencoder-based model in complex terrain that can characterize
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the transport and dispersion of gas release at early times. This information can then be passed to
global-scale ATMs, potentially improving their predictability.

P2.4-174 – Validating Large Eddy Simulations of the Atmospheric Transport
of Radionuclides from Subsurface Sources in Complex Terrain

Author: Akshay Gowardhan1

Co-authors: Donald Lucas1; Otto Alvarez1; Yunwei Sun1; Charles Carrigan1; Eric Pili2

1Lawrence Livermore National Laboratory (LLNL)
2Commissariat a l’energie atomique et aux energies alternatives (CEA)

Radionuclides produced from underground nuclear explosions can slowly migrate through the sub-
surface and vent to the atmosphere, where they are transported to detectors downwind. Under-
ground test sites located in remote areas surrounded by complex terrain features, can greatly affect
the detectability of radionuclides once they reach the atmosphere. We describe efforts to validate
a modeling system that transports radionuclides originating from below the surface through the at-
mosphere using high-resolution large eddy simulations (LES) in complex terrain. A computational
LES grid has been created containing nearly 100 million grids cells over an area of about 2.5 square
kilometers focused above a tunnel used to support mining activities near the Roselend reservoir
in the French Alps. This grid captures the substantial elevation changes in the area, including the
interface between the land surface and the water reservoir. Given meteorological inflow data as a
driving boundary condition, this model predicts where gases leaking from the subsurface will be
transported and how the local terrain features influence detection versus distance. This system will
be validated using data from a set of planned field experiments that will inject controlled amounts
of tracer gases into the surface and measure the atmospheric concentrations downwind.

P2.4-200 – The Indonesian – Radiation Detector Monitoring System (I-RDMS),
a Nuclear Early Warning System from Transboundary Radioactive Release

Author: Alifia Rahmawati1

1Nuclear Energy Regulatory Agency

BAPETEN (Nuclear Energy Regulatory Agency of Indonesia) is currently developing the Indonesian
– Radiation Detector Monitoring System (I-RDMS) as an early warning tool to detect environmental
radiation exposure increases on the territory of Indonesia. This system aims to check the availability
of representative and reliable real-time online data on environmental radioactivity as a Nuclear Early
Warning Systemwithin the framework of national nuclear surveillance and preparedness. This place-
ment is based on the suitability analysis that determines the areas with the fallout potential caused
by the transboundary radioactive release. I-RDMS detectors currently have been installed in several
locations in Indonesia, five of them are located at Jayapura CTBT Station, Kappang CTBT Station,
Lembang CTBT Station, NTT CTBT Station, and Sorong CTBT Station. By installing I-RDMS de-
tectors in various locations, it is projected that the system can detect radiological impacts directed
to Indonesia from transboundary radioactive releases caused by nuclear weapons experiments or
nuclear accidents.

P2.4-215 – Detection and Analysis of Anomalous Radioxenon Isotopes

Author: Michael Mayer1

Co-authors: James Ely1; James Hayes1; Justin John McIntyre1; Mark Panisko1; Matthew Cooper1; Michael Foxe1;
Paul Eslinger1

1Pacific Northwest National Laboratory (PNNL)
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The radioxenon signatures of 135-Xe, 133-Xe, 133m-Xe, and 131m-Xe are the expected and con-
sistently observed radioxenons in the atmosphere. Testing of the Xenon International System at
Knoxville, TN resulted in the detection of several previously unobserved radioxenon isotopes in the
atmosphere 125-Xe, 127-Xe, 129m-Xe, and 122-Xe (via the decay of 122-I). These isotopes were peri-
odically detected in the atmosphere from December 2019 until May 2021 when Xenon International
concluded its testing. Atmospheric transport modeling suggested that the source of the radioxenons
emanated from either Oak Ridge National Laboratory’s High Flux Isotope Reactor, their Spallation
Neutron Source, or both. The signatures produced by these atypical radioxenons can veil the sig-
natures of the typical four radioxenons and lead to unreliable activity concentration calculations.
There are only a few spallation sources and research reactors worldwide, but it may be possible for
some of these isotopes be observed in nuclear monitoring systems.

P2.4-232 – Tackling theQuantification of Meteorological Uncertainties for the
Global Scale Simulation of the Xe-133 Atmospheric Background

Author: Sylvia Generoso1

Co-authors: Pascal Achim1; Mireille Morin1; Philippe Gross1; Sylvain Topin1; Guilhem Douysset1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

To categorize radionuclide data from the International Monitoring System of the Comprehensive
Nuclear-Test-Ban Treaty, the French National Data Center has developed, and has been using in
operation for several years, an automated simulation of the industrial background. For all IMS noble
gas stations, it calculates every day the expected Xe-133 activity concentrations due to industrial
contributors. This provides valuable information for source attribution in case of detection. How-
ever, a systematic quantification of simulation uncertainties remains to be addressed, and is key to
further improve categorization processes. In this context, the present study focuses on the use of
ensemble data as provided by weather prediction centers to factor in meteorological uncertainties
in the atmospheric transport calculations. Simulations of Xe-133 released from the IRE, a medical
isotope production facility in Belgium for which emissions are monitored in real time, are conducted
using US National Centers for Environmental Prediction meteorological ensemble data. Predicted
activity concentrations resulting from this method are compared to measurements with the focus of
showing the benefits of an ensemble approach for CTBT applications.

P2.4-243 – STAX Monitor Emissions Measurements at Mo99 Production Plant
of Ezeiza Atomic Center in Argentina

Authors: Eduardo Luis Nassif1; Mauro Andres Nuñez1

Co-authors: Andres Emilio Zapata1; Eduardo Carlos Carranza2; Federico Fernandez Baldis1; Horacio Boccoli1;
Ricardo Sagarzazu1; Roman Pino1

1INVAP (Investigaciones Aplicadas) S.E.
2Comision Nacional de Energia Atomica de Argentina

INVAP’s STAX monitor was installed and is measuring at the Ezeiza Atomic Center (CAE-CNEA),
Buenos Aires, Argentina since November 2021. Initially, the equipment underwent aliveness tests
and calibration with gas like radioactive sources. The electronic set-up was adjusted, in order to
optimize measurement performance, thus enabling to track high activity concentration emissions in
a low-dilution regime. Currently, themonitor is operating under real operative conditions, following
up the production runs at this Medical Isotope Production Facility (MIPF). Equipment characteristics
and examples of some results and performance being obtained, following up production runs at
Ezeiza MIPF, are presented.

P2.4-271 – End-to-End Numerical Simulation of Explosion Cavity Creation,
Cavity Circulation Processes, Subsurface Gas Transport, and Prompt Atmo-
spheric Releases
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Author: Souheil Ezzedine1

Co-authors: Carol Velsko1; Oleg Vorobiev1; Tarabay Antoun1; William R. Walter2

1Lawrence Livermore National Laboratory (LLNL)
2U.S. Department of Energy, National Nuclear Security Administration

A numerical study of conjugate flow, heat and mass transfer by natural convection of noble gases
within an underground cavity partially filled with molten rock is presented. The molten rock is ini-
tially considered at rest at an initial temperature and concentration. The molten rock is viscous and
possesses strength that is temperature- and crystal fraction-dependent. Under natural conditions,
convection cells are developed within the molten rock leading to circulation, mixing and degassing
of the initially trapped gases. Furthermore, the molten rock as well as the degassing enhances the
conjugate convection flow in the air gap within the cavity. We illustrate the onset of the different
regimes and their combined effect of flow, heat and mass transport of different gas species, the frac-
tion of molten rock and their impact on the noble gas fractionation. We also present a sensitivity
analysis of the effect of the outer cavity boundary condition on the heat loss and cooling to the adja-
cent rock formation and its eventual release to the atmosphere. We demonstrate several scenarios of
underground prompt releases to the atmosphere using a first-ever fully coupled prompt subsurface-
to-atmospheric transport without ad hoc boundary conditions between physics-based domains or
handshakes between different numerical codes.

P2.4-273 – Influence of Synoptic Situations on the Trajectories of Air Masses
Coming FromNuclear PowerPlants Located inNeighboringCountries toCuba

Author: Celia Angelica Caveda Ramos1

Co-authors: Enma Odalys Ramos Viltre1; Juan Cárdenas Herrera1; Reinaldo Griñan Torres1

1Center for Radiation Protection and Hygiene

The radiological station located in Havana, Cuba will perform measurements for the International
Monitoring System. The Turkey Point and Laguna Verde Nuclear Power Plants are potential sources
of noble gases on a regional scale. The objective of this work is to identify the synoptic situations
that would contribute to the transit of air masses coming from these facilities through Cuba. For
that purpose, the forward trajectories of the air masses were estimated by means of the HYSPLIT
trajectory model. The simulations were run at an altitude of 500 meters and in periods where Cuba
was under the influence of a classic cold front, the nearby influence of the Oceanic Anticyclone, the
influence of a low pressure center of wide circulation in the western region and the influence of a
weak barometric gradient. The results obtained with the HYSPLIT trajectory model showed that
the transit of the air masses coming from the Turkey Point Nuclear Power Plant would only occur
if Cuba were under the influence of a weak barometric gradient. In the case of the Laguna Verde
Nuclear Power Plant, it was found that for none of the synoptic situations analysed would the air
masses cross the Cuban territory.

P2.4-302 – The Added Value of Using the Multi Model Approach in Defining
the Possible Source Region (PSR): the Fukushima Incident as Use Case

Author: Jolanta Kusmierczyk-Michulec1

Co-authors: Robin Schoemaker1; Anne Tipka1; Yuichi Kijima1; Boxue Liu1; Martin B. Kalinowski1

1CTBTO Preparatory Commission

Atmospheric transport modelling (ATM) supports the radionuclide verification technology by pro-
viding a link between radionuclide detections and the regions of their possible source. In the case
of an anomalous detection registered by the International Monitoring System (IMS) particulate net-
work classified as Level 5, CTBTO sends a request for support to Regional SpecializedMeteorological
Centres (RSMCs). In response, they produce and upload their own backward simulations. Taking
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advantage of additional models delivered by the CTBTO-WMO response system, a Multiple Model
Possible Source Region (MMPSR) can be calculated. For this study, we will look at the radioactivity
measurements registered in the aftermath of the Fukushima incident by the IMS network. Due to
the scale of this incident, anomalous anthropogenic detections (classified as Level 5 or Level 4) and
anomalous radioxenon detections (classified as Level C) were frequently observed. For the selected
samples, the enhanced version of the MMPSR algorithm will be used. The added value of using not
only the ensemble of ATMmodels, but also multiple radionuclides for the purpose of PSR calculation,
will be demonstrated.

P2.4-334 – Investigating the Possible Source Region from Atmospheric Trans-
port Modelling Adapted to the Evolution Consistency of Isotopic Ratios Mea-
sured in the International Monitoring System Radionuclide Network

Author: Robin Schoemaker1

Co-authors: Joshua Kunkle1; Boxue Liu1; Yuichi Kijima1; Jolanta Kusmierczyk-Michulec1; Anne Tipka1; Martin
B. Kalinowski1

1CTBTO Preparatory Commission

In the International Data Centre radionuclide pipeline, noble gas samples from the International
Monitoring System (IMS) radionuclide stations are processed and categorized. The combination of
multiple isotope observations of Level C plus prior/post Level B samples close enough in time, at one
or more IMS radionuclide stations, forms decisive input for isotopic ratio analysis as these episodes
may show consistency in the isotopic ratio evolution of at least two isotopes in a pair. For atmo-
spheric transport modelling, these multi-sample episodes form the starting point to deterministically
link the air masses to a certain release through correlation computations yielding the so-called possi-
ble source region (PSR). By combining PSR products with isotopic ratio analyses, a better association
of radioxenon detections with their release location and release time is aimed for. We present case
studies that investigate the comparison of two approaches to compute the PSR. The standard PSR
approach utilizes all samples (Level B and C) in a fixed timeframe relevant for a specific scenario,
whereas an alternate approach might use a curated group of samples selected for consistent isotopic
ratio evolution only.

P2.4-335 –XenonBackgroundEstimationTool: BetterDiscrimination ofCTBT-
relevant Events Against the Radioxenon Background

Author: Robin Schoemaker1

Co-authors: Jolanta Kusmierczyk-Michulec1; Anne Tipka1; Boxue Liu1; Yuichi Kijima1; Jonathan Bare1; Martin
B. Kalinowski1

1CTBTO Preparatory Commission

Radionuclide emissions from worldwide nuclear facilities are frequently observed by the CTBT no-
ble gas network. These ever-present and highly variable emissions of the four radioxenon isotopes
relevant for CTBT monitoring weaken the abilities of global monitoring of nuclear explosions. This
multifaceted problem requires a substantive approach to determining the key steps for distinguish-
ing for each International Monitoring System sample whether the observation can be explained by
known sources, or whether it possibly contains a contribution from a nuclear explosion. For this
purpose, the Xenon Background Estimation Tool (XeBET) is being developed. XeBET aims to deliver
an aggregation of scientifically-developed ideas into a software prototype that subsequently may be
used for expert technical analysis once demonstrated and agreed upon. Ideas considered in XeBET
are built on atmospheric transport modelling and radionuclide statistical expertise from assessments
in previous multilevel and multidisciplinary scientific investigations. This presentation discusses Xe-
BET’s current status of ideas and prototyping and assesses the challenges ahead for 2023 and beyond.
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P2.4-337 – Factors Affecting the Vertical Distribution of Backgrounds at Inter-
national Monitoring System Stations

Author: Theodore Bowyer1

Co-authors: Anne Tipka2; Donald Lucas3; Jolanta Kusmierczyk-Michulec2; Lee Glascoe3

1Pacific Northwest National Laboratory (PNNL)
2CTBTO Preparatory Commission
3Lawrence Livermore National Laboratory (LLNL)

The backgrounds of radionuclides in the environment from natural and human made phenomena
are well known to interfere with detection of nuclear explosions. International Monitoring System
(IMS) stations perform measurements at ground level; however, little has been published regarding
the vertical distributions of radionuclides expected from nearby and distant sources and if there is a
large enough difference expected that could be exploited to increase signal-to-noise ratios. For ex-
ample, local and regional topography, energy of injection, height of release, vertical shear, ground
resuspension, building wake effects, convective mixing and other effects can have a significant im-
pact on the vertical distributions of radionuclides detected at an IMS station. In this work, we present
a set of calculations and experiments that could be conducted near and distant from known emis-
sion sources to test whether it is viable to decrease the effect of backgrounds at IMS stations. We
also characterize the tradeoff between the vertical dilution of radionuclides and increased spatial
representativeness of higher elevation samples and estimate the potential to use vertical gradients
to better constrain background emissions.

P2.4-341 – Radioxenon Emissions fromNuclear Power Plants and Medical Iso-
tope Production Facilities Measured in the STAX Project

Authors: Judah Friese1; Andrew Petts2; Lori Metz1; Mattias Olsson3; Theodore Bowyer1

1Pacific Northwest National Laboratory (PNNL)
2EDF Energy
3Forsmarks Kraftgrupp AB

The International Monitoring System (IMS) detects background radioxenon from civilian sources
every day. This measurement of the background can interfere with the measurements of radioxenon
from nuclear tests. There are methods to discriminate civilian sources with nuclear tests. These
include the use of atmospheric transport modelling to determine if the air associated with an IMS
measurement is associated with a known civilian source, and the use of multiple radioxenon isotopic
ratios to discriminate between nuclear power reactor releases and nuclear tests. The STAX project
has been working with both medical isotope production facilities and nuclear power plants, both
of whom have voluntarily shared radioxenon emission data. This work will compare real world
radioxenon releases and isotopic ratios from two types of nuclear power reactors with the expected
ratios from nuclear tests and commercial fission based medical isotope production facilities.

P2.4-343 – Radioxenon Isotopes, Ratios and Discrimination: Challenges and
Opportunities

Authors: Harry Miley1; James Ely1; James Hayes1; Paul Eslinger1; Ramesh Sarathi1

1Pacific Northwest National Laboratory (PNNL)

Measuring radioxenon isotopes is one of the tools used for underground nuclear explosion monitor-
ing. Medical isotope production and reactors also release radioxenon isotopes and discrimination of
these benign sources is a key research area. Four isotope ratios have been shown to be a powerful
method for discrimination if the isotopes are detected. This research has examined the expected ra-
dioxenon activity concentrations at various distances for a variety of release scenarios and detecting
all four isotopes was observed to be very challenging and potentially only viable for large yields or
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release fractions. However, three radioxenon isotopes are more detectable over a wider range and
may be key to discrimination. There has also been recent interest in other isotopes, such as Argon-
37, that when combined with radioxenons, can provide more robust discrimination. The scenarios
that were explored will be described, and results presented on potential radioxenon detections, using
current and next generation capabilities, as a function of time and distance after a simulated event.

P2.4-347 – Measuring Explosively Driven Elemental Diffusion in Geological
Matrices as Potential Signatures

Author: April Carman1

Co-author: Martin Liezers1

1Pacific Northwest National Laboratory (PNNL)

Exploding wires have been embedded in geologic matrices (concrete, basalt, sandstone, and gra-
nodiorite) to study explosive driven elemental diffusion and to elucidate the utility of elemental
signatures. The exploding wire detonations have an input energy of up to 900 J equivalent to 0.22
g TNT. Simultaneous to the detonation, monitoring of the air concentration of elements was per-
formed using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) in a parallel hole drilled
into the rock sample at various spacings from the exploding wire placement. A wide range of ele-
ments (Cu, Zn, Br, Rb, Y, Sn, Sb, Te, I, Nd, Hg and Pb) have been detected propagating through the
rock with a range of delays. The Hg pulse usually arrived earliest at the detection location, followed
by most other elements. Iodine always displayed the longest arrival delay and remained detectable
at the greatest distance, long after any explosion related thermal and pressure gradients should have
dissipated suggesting highest mobility.

P2.4-352 – Improving Estimates of Production Rates of Argon-37 by Under-
ground Nuclear Explosions in Various Geologies

Author: Khiloni Shah1

Co-authors: Brandon De Luna1; Derek Haas1; Nicholas Kaitschuck1

1The University of Texas at Austin

The radioisotope Argon-37 is produced in underground nuclear explosions (UNE) through the neu-
tron activation of Calcium-40 in rock and soil. A sensitivity study was conducted using Monte Carlo
N-Particle Code (MCNP) and SCALE to model the predicted production rate of Argon-37 per kiloton
explosive equivalent in various rocks following a UNE.The detonation was modelled in MCNP using
a simple geometry to estimate the neutron flux further away from the detonation. This neutron flux
from MCNP was the input to SCALE to model the yield and decay of Argon-37 in each rock. The re-
action cross section of Calcium-40(n,α)Argon-37 is not well known, so both threshold and 1/v cross
sections were modelled. The sensitivity study revealed the importance of characterizing the thermal
neutron cross section to improve our understanding of the predicted production rate of Argon-37
from UNEs. It also showed the importance of radioargon as a signature from UNEs since it can be
detected up to 700 days after a detonation. An experiment was designed to measure the thermal
neutron cross section using alpha spectroscopy at the University of Texas at Austin.

P2.4-358 – CTBT-relevant Xenon Isotopes Global Background in Ten Years
(2013-2022)

Author: Mohammed Yehia Taha Ahmed Elbahrawy1

Co-author: Sayed Mekhaimer1

1National Research Institute of Astronomy and Geophysics (NRIAG)
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Monitoring radionuclide concentrations is an important component of the Comprehensive Nuclear-
Test-Ban Treaty (CTBT) verification regime and can provide direct evidence of the nuclear nature of
an explosion. Whereas, in the case of underground nuclear testing, the radioxenon isotopes have the
highest probability of escaping into the atmosphere. Four of the xenon isotopes are of interest for
CTBT verification; Xenon-131m, Xenon-133m, Xenon-133 and Xenon-135. The current International
Monitoring System (IMS) design foresees 40 radioxenon stations around the world to provide a 90%
detectability of a 1 kt nuclear explosion within 14 days. In 2010, the first radioxenon station was
integrated into the IMS. At the end of 2022, 26 systems are already certified and 5 additional were
installed and already in operation. This work provides a systematic study of the CTBT-relevant
xenon isotopes’ global background in ten years (2013-2022) using all the available stations. The
geographical distribution and the ratios between different Xenon isotopes were analysed.

P2.4-361 – Radionuclide Signatures from Complex Releases of Vented Fission
Products

Authors: EmilyGordon1; PranshuAdhikari1; Justin Lowrey2; Christine Johnson2; James Ely2; DerekHaas1

1The University of Texas at Austin
2Pacific Northwest National Laboratory (PNNL)

Following an underground nuclear explosion, fission products may be vented to the surface and
transported through the atmosphere. Traditional requirements for nuclear explosion monitoring
systems have focused on simple release scenarios. A more rigorous evaluation of radionuclide in-
ventory releases will provide better requirements for measurement systems and improve analysis of
detections. The goal of this work was to compare isotopic signatures reaching monitoring stations
under different venting scenarios. First, a radionuclide inventory of fission products was developed
using the SCALE code system based on the fission of U-235. The release of fission products to the
surface was modeled in two components: prompt and delayed releases. Both the prompt and de-
layed components were varied to produce 63 total scenarios (example: 0.1% gas vent prompt release
and no delayed release). Dilution factors for the resulting plume reaching a selected subset of IMS
monitoring stations were found using HYSPLIT, and the simulation was repeated over a period of
366 days. Detection frequency and ratios for multi-isotope detections are presented for the various
release scenarios.

P2.4-366 – Quantifying the Potential of Argon Detection Capabilities for Nu-
clear Explosion Monitoring

Authors: Derek Haas1; Emily Gordon1; Harry Miley2; Khiloni Shah1; Paul Eslinger2; Pranshu Adhikari1; Theodore
Bowyer2

1The University of Texas at Austin
2Pacific Northwest National Laboratory (PNNL)

Current noble gas detection systems for nuclear explosion monitoring are based on the detection of
four radioxenon isotopes – Xenon-131m, -133, -133m and -135. The data provided by radioxenon
detection could be enhanced by other radionuclide signatures, such as Argon-37. Activation of
Calcium-40 in rock by neutrons produces Argon-37, and monitoring for this additional nuclide could
help distinguish detections of nuclear explosions from background sources, like medical isotope pro-
duction. This work studies the capabilities of a hypothetical Argon detection network. A 10 kt
explosion was modeled using MCNP and SCALE to determine the inventory of Argon-37 created in
a representative granite rock layer, assuming either 0.1, 1 or 10% of the total inventory was released.
The Argon-37 inventory was combined with atmospheric transport data from HYSPLIT compiled in
a previous study, along with the detection limits of standard Argon-37 detection systems, to deter-
mine how many hypothetical monitoring stations would detect Argon-37 from an explosion. This
method was repeated for 365 HYSPLIT data sets to create a year’s worth of hypothetical explosions,
releases, and detections. The study quantified the average number of detections per release, the
number of stations detecting Argon-37, and the possibility of detecting Argon-37 in coincidence
with Xenon.
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P2.4-367 – Successes in the Monitoring of Noble Gas Backgrounds at the Re-
lease Source

Authors: Theodore Bowyer1; Lori Metz1; Judah Friese1

1Pacific Northwest National Laboratory (PNNL)

The International Monitoring System (IMS) noble gas network has proven to be highly reliable, with
many years of routine measurements sent to the International Data Centre. With the deployment
of noble gas systems, international experts began to routinely see a noble gas background. This
background has continued throughout the years, and every single day, the IMS has a radioxenon
measurement reported. These backgrounds come from civilian sources such as nuclear power plants
and fission based medical isotope production facilities. An effort is underway to measure these
releases at its source for use by experts to understand the background and their impact on the IMS.
This work will highlight the STAX project effort to measure the sources, and the data’s uses in
understanding radioxenon measurements in the IMS.

P2.4-370 – Deploying a Radioxenon Sensor Array to the North of England

Author: Matthew Goodwin1

Co-authors: Anders Ringbom2; Andrew Petts3; Barbara Brooks4; Brian Milbrath5; Christopher Toth6; Daniel
Chester1; Daniel Keller5; James Hayes5; Johan Kastlander2; John Patrick Stowell7; Lance Lidey5; Mattias Aldener2;
Michael Mayer5; Paul Eslinger5; Paula Chadwick8; Ryan Neely; Susan Leadbetter9; Theodore Bowyer5; Tomas
Fritioff2

1Atomic Weapons Establishment (AWE) Aldermaston
2Swedish Defence Research Agency (FOI)
3EDF Energy
4NCAS
5Pacific Northwest National Laboratory (PNNL)
6STFC
7Durham University
8Durham
9Met Office

As part of the Xenon Environmental Monitoring at Hartlepool (XENAH) collaboration, a team of
scientists from the UK, US and Sweden have deployed three radioxenon sampling and measurement
systems to the north of England, near to the Hartlepool Power Station. The power station com-
prises two 1600 MW(th) advanced gas-cooled nuclear reactors. The array of SAUNA QB (“cube”) ra-
dioxenon measurement systems have been in operation since March 2022 and have detected Xenon-
133, Xenon-131m andXenon-133m– isotopes of Xenon that can be used as key indicators of a nuclear
explosion. This collaboration seeks to better understand the impact of civil nuclear reactors on the
global radioxenon background. This regional array of sensors offers improved location reconstruc-
tion accuracy when compared to global networks, such as the International Monitoring System of
the Comprehensive Nuclear-Test-Ban Treaty. This work will present the latest information from the
XENAH QB array, including an in-depth radionuclide and atmospheric transport modelling analysis
of the array sensor data.

P2.4-383 – Comparison of Radioxenon Signals from a Nuclear Explosion and
Alternative Background Sources

Author: Michael Foxe1

Co-authors: Theodore Bowyer1; MatthewCooper1; James Hayes1; MichaelMayer1; Justin JohnMcIntyre1

1Pacific Northwest National Laboratory (PNNL)
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During the testing phase of the Xenon International radioxenon monitoring system in Knoxville,
Tennessee, USA, there were observations of non-traditional xenon isotopes: Xenon-125, Xenon-
127, Xenon-129m, and Xenon-122 (via the decay of Iodine-122). While the production mechanisms
for non-traditional isotopes were hypothesized, it would be beneficial to perform a complete study
on the production scenarios for the non-traditional xenon isotopes compared to the standard ra-
dioxenon isotopes of Xenon-135, Xenon-133, Xenon-133m, and Xenon-131m. One production mech-
anism that is of particular interest following the observations of Xenon International is a spallation
neutron source. While there are several spallation neutron sources around the world, the production
of non-traditional radioxenon isotopes depends on parameters like the target material, beam ener-
gies and gas abatement. We have investigated the production mechanisms of the non-traditional iso-
topes and developed a model for predicting the amount of non-traditional xenon isotopes compared
to traditional xenon isotopes that are produced through methods like neutron spallation.

P2.4-386 – Measurements of Argon-39 in Shallow Surface Soil

Author: Brian Milbrath1

Co-authors: Brad Fritz1; Christine Johnson1; James Hayes1

1Pacific Northwest National Laboratory (PNNL)

It has previously been reported at Science and Technology conferences that PNNL has measured
Argon-39 at historic underground nuclear explosion (UNE) sites at the Nevada Nuclear Security
Site in gas samples from shallow (few meters or less) subsurface soil. Considerable Argon-39 was
observed at UNE sites sampled. Thus, the detection of Argon-39 in such samples at strengths suf-
ficiently above background can help identify possible UNEs, though Argon-39’s long half-life pre-
cludes constraining when the UNE occurred. While a published Argon-39 background value for
atmospheric air exists (16.6 mBq/m3 whole-air equivalent), there were no published Argon-39 back-
ground values for shallow subsurface air samples. We report on such measurements at a number
of locations across the western United States of America, in an attempt to characterize the range of
backgrounds that might exist. The measured concentrations varied from the published atmospheric
concentration to about 3.5 times that. The measurements, analysis, locations and results will be
described and compared with measurements taken at UNE locations.

P2.4-416 – Possible Impact of Radioxenon Emission from Spent Nuclear Fuel
Reprocessing Plants on International Monitoring System Observations

Author: Tatiana Boitsova1

Co-authors: Carla Maria Salgueiro Pires Winter1; Martin B. Kalinowski1

1CTBTO Preparatory Commission

Given that the on-site inspection area should not exceed 1000 km2, finding the suspected nuclear
explosion site is a difficult task requiring extremely accurate methods of assessment. One of the
approaches used for nuclear explosion monitoring is to consider sources of radioxenon. Currently,
mainly nuclear power plants and medical isotope production facilities are considered as a relevant
and well-known sources of radioxenon that can impact International Monitoring System observa-
tions. The aim of this work is to investigate the possible radioxenon emission during SNF repro-
cessing caused by spontaneous fission of heavy elements. Curium-244 and Plutonium-240 are de-
termined as main sources of spontaneous fission. Their presence in SNF leads to the formation of
radioxenon and I-131 which are released during head-end operations. The approximate calculations
were performed to quantify the amount of radioxenon formed and released during SNF reprocess-
ing. It is estimated that the maximum release of radioxenon may be in the order of GBq/day and
depends on fuel burnup and other parameters. Assuming the absence of an effective off-gas system
which leads to the release of radioxenon into the environment, the results of the calculations show
that industrial scale reprocessing plants should be considered as a weak but not negligible source of
radioxenon.
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P2.4-459 – Summary of Radioxenon Detections with the SPALAX-New Gener-
ation System

Author: Sylvain Topin1

Co-authors: Florian Philippe1; Gabriel Couchaux1; Guilhem Douysset1; Mireille Morin1; Pascal Achim1; Philippe
Gross1; Sylvia Generoso1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

The SPALAX-NG was qualified in 2021 for deployment at International Monitoring System stations.
The SPALAX-NG has been operated for several years by CEA/DAM. The SPALAX-NG is a major
evolution compared to first generation SPALAX with detection limits of 0.2 mBq/m3 in eight hours
for all the relevant radioisotope of xenon, high resolution beta-gamma detection, modularity. This
presentation provides the feedback on the use of the system in an operational context and the study
of several relevant detections observed during the qualification periods.

P2.4-473 – RA-10 Multipurpose Argentine Research Reactor for Medical Iso-
tope Production

Author: Eduardo Quintana1

1Comisión Nacional de Energía Atómica (CNEA)

Argentina is one of the producers of radioisotopes and the construction of RA-10 responds to the
increase in global demand. Increased production of radioisotopes could lead to more release of
noble gases. This modern reactor is designed as a multipurpose facility suitable for radioisotope
production, material and fuel irradiation research and neutron techniques applications. It is planned
to increase the weekly production of Mo-99 from 900 6 days-Ci to 3500 6 days-Ci. During the Mo-
99 purification process, fission gases containing Xenon-133 and Xenon-135 are released into the
atmosphere. The design of the production plant includes the improvement of the engineering and
the necessary devices to minimize the emission of noble gases. The International Monitoring System
uses fission gases such as Xenon-133 and Xenon-135 to monitor the Earth for signs of a nuclear
explosion. The production of medical isotopes is the main contributing factor to the background of
radioxenon in the atmosphere and these emissions pose a potential problem for monitoring nuclear
tests if not addressed. Technical discussions are needed on the impact of radioisotopes released by
civilian sources on monitoring nuclear explosions and how to maintain the detection capability of
the International Monitoring System.

P2.4-495 – Possible Influence of Subtropical Anticyclones on Monitoring the
Group of Latin America and the Caribbean Region

Author: Carlos Eduardo Santos Bonfim1

Co-authors: Edson Ramos de Andrade2; Raquel Aparecida Abrahão Costa e Oliveira2; Rodrigo Carneiro Curzio1;
Thiago de Medeiros Silveira Silva1

1CBRN Defence Institute
2Military Engineering Institute, Brazil

Of the existing nuclear reactors in the world, the region of the Group of Latin America and the
Caribbean (GRULAC) currently has a total of six nuclear power plants operated by Argentina, Brazil
and Mexico and 16 research reactors being operated by Argentina, Brazil, Chile, Colombia, Jamaica,
Mexico and Peru. Using the RNToolkit web software that allows quick access to data from the Inter-
national Monitoring System network, this work aims to evaluate the detections of stations ARP01,
ARP 03, BRP11, CLP19, ECP24, RN31 and PAP50 to monitor the behavior of radionuclides detected
in the region of GRULAC, influenced by the meteorological conditions of the region where different
wind regimes are established, including the subtropical anticyclones of the South Atlantic and South
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Pacific, the low level jets to the west and east of the Andes and the trade winds. The evaluation pe-
riod was from 2019 to 2021, with reference to the month of April, the beginning of the lockdown in
the GRULAC region.

P2.4-499 – Inverse Atmospheric Dispersion Modelling and Realistic Training
for Assessment of Releases of Radioactivity

Author: Jasper Tomas1

Co-authors: Astrid Kloosterman1; Michiel de Bode1

1RIVM - National Institute for Public Health and the Environment

This work describes a method for estimating the location, moment and the amount of an unknown
atmospheric release of radioactivity, based on detections. First, the source location is estimated by a
probability density function based on the time-integrated correlation coefficient between model cal-
culations and measurements of radioactivity concentrations. Model results are calculated with the
adjoint transport equation, thereby reducing the number of atmospheric transport simulations to the
number of detections. Next, the moment of release is defined as the moment when the correlation
coefficient reaches its highest value. Finally, the released quantity is estimated by a least-squares
method in which the residual is defined as the difference between observed and modelled concen-
trations. The method is validated with the ETEX-1 experiment and applied to the case of Ru-106
detections in Europe in September 2017.

In addition, apart from accurate models, proper training to use these models is a prerequisite for ad-
equate radiological assessment. Therefore, a methodology is presented to perform realistic exercises
for emergency response that can be used for scenarios with both unknown and known release loca-
tions. The method allows for real-time simulation of measurements of several operational detectors
and measurement teams, thereby improving realism to training exercises.

References:
https://doi.org/10.1016/j.jenvrad.2021.106643

P2.4-547 –Characteristics and Sources ofCs-137Detected at InternationalMon-
itoring System Radionuclide Monitoring Stations in Japan

Authors: Akiko Furuno1; Yutaka Tomita1; Toshiyuki Kurihara1; Yoichi Yamamoto1

1Japan Atomic Energy Agency (JAEA)

We are responsible for data analysis and management of radionuclide monitoring stations as the
National Data Centre of Japan. There are two International Monitoring System radionuclide moni-
toring stations in Japan, at Takasaki for particles and noble gases and at Okinawa for particles. The
detection frequency of Cs-137 is relatively high at both stations. In this study, we focus on Cs-137
detection and clarify the characteristics of the season and the pressure pattern of each detection.
In addition, back-trajectory analysis using an atmospheric transport model will be conducted to es-
timate the release source of Cs-137, by comparing with the International Monitoring System data
including the surrounding stations.

P2.4-565 – GENII V.2 Software Validation of I-131 Dispersion from the Stack
into the Environment by Using Direct and Indirect Methods

Author: Gatot Suhariyono1

Co-authors: Nurokhim Brin2; Radhia Pradana1

1National Research and Innovation Agency of Indonesia (BRIN)
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2National Nuclear Energy Agency of Indonesia (BATAN)

The Research Organization for Nuclear Energy analyses the dispersion of radioactive air release by
using GENII V.2 software. The calculation of GENII V.2 has never been validated with the results of
measurements directly and indirectly in the field. The validation of the GENII calculation of I-131
activity concentration was carried out by comparing the results of the GENII calculation of the I-
131 activity concentration with the concentration of direct and indirect measurements (charcoal) in
the settlement. Measurement of I-131 in the outdoor air is portable and attached to the top of the
car. A sampling of filter paper and gas was in the indirect method. The sampling tool of I-131 is a
regulated vacuum pump at a flow rate of 25 lpm and is turned on every one hour to 24 hours. Filter
paper and charcoal were counted by using a detector of NaI(Tl) in situ. Validation of I-131 activity
concentration from the analysis of radioactive dispersion by using GENII software was closer to the
measurement results of I-131 activity concentration with the direct measurement method than the
concentration of I-131 activity with the indirect measurement method.

P2.4-567 – Stable Isotopic Ratios: From Civil Facilities to Nuclear Explosions

Author: Daniel Chester1

Co-author: Matthew Goodwin1

1Atomic Weapons Establishment (AWE) Aldermaston

The global atmospheric background of anthropogenic radionuclides hinders the ability of the Treaty
monitoring community to identify possible signatures of a nuclear explosion. In particular, the at-
mospheric radioxenon background, produced and sustained by civil nuclear facilities such as isotope
production facilities (IPFs) and nuclear power plants (NPPs), causes detections on the International
Monitoring System (IMS) every day. Discriminating between the signatures of the civil background
and those of nuclear explosions is essential to improve the analysis and interpretation of samples col-
lected by monitoring facilities. To do this effectively, a better understanding of the possible emission
profiles from NPPs is required. Based on simulations performed at the UK National Data Centre, we
discuss the potential stable xenon isotopic signatures of NPPs, as well as how this stable gas compo-
sition differs from both the natural background and from an expected nuclear explosion signature.
An assessment of the effects of the operational parameters of an NPP on the stable gas composition
is also discussed.

P2.4-592 – Recent Developments of Molten Salt Reactor Technology and its
Possible Impact on Global Radioxenon Emission

Author: Sri Sundari Retnoasih1

Co-author: Tatiana Boitsova2

1National Research and Innovation Agency of Indonesia (BRIN)
2CTBTO Preparatory Commission

Radioxenon is a gaseous fission product produced during nuclear weapons testing. Besides nuclear
testing, the biggest radioxenon emission comes from medical isotope production facilities, which
emit 109 -1013 Bq/day, while the power plant emits 109 Bq/reactor/day. However, the recent devel-
opment of generation-IV reactors showed that a potential radioxenon release from a single molten
salt reactor (MSR) could be higher than that from a conventional nuclear power plant (NPP) and
could reach approximately Xe-133 1010 Bq/day. The aim of this work was to provide an update
on the MSRs’ development in the world and to estimate the likelihood of an increase in overall ra-
dioxenon emissions. A literature review showed that MSRs could be used for two main purposes:
electricity production and minor actinide transmutation. China (TMSR), Canada (IMSR400, SSR-
W), the United States (KP-FHR, Mk1 PB-FHR, LFTR, and Thorcon), the United Kingdom (SSR-U),
Denmark (CMSR), and Indonesia (Thorcon) are all working on MSRs for electricity generation with
capacities ranging from 40 MW (t) to 600 MW (t), while the Russian Federation plans to use MSR to
utilize minor actinide. According to research, the first increase in global radioxenon emissions due
to the MSR’s operation could be expected in 2028.
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P2.4-602 – Isotopic “Zero Point” Background Screening for Fallout Emission
Assessment

Authors: Andrius Puzas1; Christian BernhardssonNone; Guillaume Pédehontaa-HiaaNone; Mattias JönssonNone; Niko-
laj Tarasiuk1; Marina Konstantinova1; Rasa Gvozdaitė1; Rūta Druteikienė1; Vida Juzikienė1; Kristina StenströmNone;
Sören MattssonNone; Vytenis BarkauskasNone; Vidmantas Remeikis1

1Center for Physical Sciences and Technology, Lithuania

Nuclear event radionuclide detection is the next step towards complementing data about any ab-
normal event recorded by seismic, hydroacoustic and infrasound station networks prior to asking
for the approval of the on-site inspection (OSI). Radionuclides travel hundreds of kilometres away
from their source under favourable meteorological conditions. In order to determine and assess an-
thropogenic radionuclide emission and determinedly distinguish it from background global nuclear
tests or previous emissions from nuclear facilities, it is favourable to screen background “zero point”
anthropogenic radionuclide isotopic composition and activity values around operating nuclear fa-
cilities. In this work radiochemical radionuclide separation, alpa-, gamma- and mass-spectrometry
measurement techniques were combined together in order to determine and assess anthropogenic
radionuclide activity and its isotopic composition in soil samples within 70 km radius around As-
travets nuclear power plant (NPP) in Lithuania territory. Alpha spectrometric measurements were
performed with state of the art “Ortec” alpha spectrometer while gamma spectra were recorded by
SILENA gamma-spectrometric systems with an HPGe coaxial detectors. Pu isotopic ratios were mea-
sured by a sector field mass spectrometer. Cs-137/239, Pu-240, Pu-238/239, Pu-240, Pu-240/239Pu
isotopic values revealed that a global Northern hemisphere nuclear test fallout is prevailing in major
sampling sites within 70 km radius around Astravets NPP in Lithuania territory.

P2.4-604 – Status andPreliminaryAnalysis ofOngoingTemporaryRadioxenon
Noble Gas Background Campaigns in Japan

Author: Jonathan Bare1

Co-authors: JanaMeresova1; Seokryung Yoon1; Paolo TristanCruz1; Halit Tatlisu1; Jolanta Kusmierczyk-Michulec1;
Abdelhakim Gheddou1; Martin B. Kalinowski1

1CTBTO Preparatory Commission

In 2017, the Government of Japan decided to make a voluntary contribution to further enhance the
capabilities of the CTBTO verification regime. In that framework, two transportable noble gas sys-
tems were deployed in Horonobe and Mutsu, Japan. They respectively started operating in February
2018 and March 2018. Continued operation of the two systems is now financially supported by
funding from European Union Council Decisions. As of today, a few hundred samples have been
collected and measured in Mutsu and Horonobe. Spectra are automatically sent to the International
Data Centre (IDC) and processed in a non-operational database. They are routinely reviewed with
focus on the four xenon isotopes of interest for the CTBTO (Xe-131m, Xe-133m, Xe-133 and Xe-135).
Analysis results and raw data are made available to States Signatories through the SecureWeb Portal.
This work presents the status of the ongoing measurement campaigns, together with preliminary
analysis results of observations at both transportable systems.

P2.4-610 – Method Comparison on Using Different Cross-sections for Simulat-
ing the Radioxenon to Radioargon Activity Ratios Created by Neutron Activa-
tion

Author: Pouneh Tayyebi1

Co-author: Martin B. Kalinowski2

1Nuclear science and technology research institute, NSTRI
2CTBTO Preparatory Commission
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Argon-37 is produced via neutron activation of stable argon or calcium in nuclear reactors. This
isotope is used in on-site inspection (OSI) activities. Therefore, its background in the atmosphere
from nuclear reactors is an important parameter in interpreting the OSI measurement results. Since
its measurement is complicated, only few reports exist on the amount of its production in the re-
actors. The radioxenon isotopes or Ar-41 can be used as a proxy for Ar-37, if both are produced
through neutron activation. The activity ratio of the proxy to Ar-37 can be used to determine the
source term of Ar-37. In this presentation the parameters affecting the simulation of these ratios are
presented, most importantly the cross-section. The results for different cross-sections are compared
and discussed.

P2.4-637 – A Study of Radioxenon in Soil Gas in Sweden

Authors: Mattias Aldener1; Tomas Fritioff1; Klas Elmgren1; Lindsay Karlkvist1; Johan Kastlander1; Henrik Olsson1;
Catharina Söderström1

1Swedish Defence Research Agency (FOI)

The radioactive xenon isotopes Xe-131m, Xe-133, Xe-133m and Xe-135 are important indicators for
an underground nuclear explosion. Knowledge about the concentrations and ratios of these isotopes
that can be expected due to natural processes is important to be able to discriminate from a nuclear
explosion during a CTBT on-site inspection. A series of measurements has been performed 2019 and
2022 under different weather conditions within a limited area in the region of Kvarntorp (Sweden),
a location with known elevated uranium content in the ground. These studies aim to understand
the variation, due to e.g. meteorological conditions and radon concentrations, and try to set an
upper limit on expected natural concentrations of the xenon isotopes in soil gas. The processing and
transfer times have been optimized to increase the detecting sensitivity to increase the potential of
detecting short lived isotopes, and the result from these campaigns will be presented.

P2.4-654 –ModellingWetDeposition to ImproveNuclear-Test-BanMonitoring

Author: Stijn Van Leuven1

Co-authors: Pieter De Meutter1; Johan Camps1; Andy Delcloo2; Piet Termonia2

1Belgian Nuclear Research Center (SCKCEN)
2Royal Meteorological Institute of Belgium

Monitoring compliance with the Comprehensive Nuclear-Test-Ban Treaty requires, among other
things, accurate modelling of the transport of radionuclides in the atmosphere. Crucial to atmo-
spheric transport models (ATMs) when dealing with radioactive particulates are several removal
processes, such as dry and wet deposition. Wet deposition in particular plays an often dominant role
in the total removal of radioactive particulates from the atmosphere, especially on CTBT-relevant
timescales. Despite this, the simulation of wet deposition still remains difficult in large part due
to uncertainties in the parameterization schemes used in state of the art ATMs. In this presenta-
tion, we show how better knowledge of wet deposition can improve nuclear-test-ban monitoring.
For this, we perform atmospheric transport calculations with FLEXPART and also incorporate data
from CTBTO’s International Monitoring System.

P2.4-673 – Isotopic Ratio Estimation Based on Activity Concentration Profile
andDecayCorrectionDuring Sampling forCTBT-RelevantRadionuclideswith
a Short Half-Life

Author: Boxue Liu1

Co-authors: Robin Schoemaker1; Christos Saragiotis1; Joshua Kunkle1; Yuichi Kijima1; Anne Tipka1; Jolanta
Kusmierczyk-Michulec1; Martin B. Kalinowski1
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1CTBTO Preparatory Commission

An activity evolution model which goes from the release of an assumed underground nuclear explo-
sion, through the atmospheric transport modelling (ATM), to sample collection and measurements
can be used to link various quantities, including activities released from a nuclear event, activity
concentrations in a plume over an International Monitoring System (IMS) station and activities col-
lected in samples. The concentration profile at an IMS station can be estimated by using an assumed
release scenario and ATM forward simulations. Activities collected in samples are determined by
spectrum analysis, then the concentrations are estimated based on an assumption on the concen-
tration profile. Generally, concentrations are assumed constant during sampling. It might be a
challenge for isotopes with short half-life, such as Xe-135 (9.14 hours), compared to the collection
duration of 12 hours. In this work, the decay correction during sampling is investigated using two
approaches, 1) the collection duration is divided into multiple intervals in which a constant con-
centration is assumed in each one respectively; 2) the activity collected in the sample is based on
an analytical solution of ordinary differential equations regarding activity decay and accumulation.
The impacts on isotopic ratios are demonstrated in three cases, Ba-140/La-140, and Xe-133m/Xe-133
and Xe-135/Xe-133.

P2.4-775 – Using Open Source Data to Make Data Fusion with International
Monitoring System Data and to Understand and Correlate Radionuclide De-
tections at the International Monitoring System Station RN43

Author: Mohamed Mahmoud Mounja1

Co-authors: Antonietta Rizzo2; Chiara Telloli2; Giuseppe Ottaviano2

1National Authority of Nuclear security and safety ARSN
2Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA)

In this study we have used open access data from NASA Earth Science data System and meteo-
rological data from the data set of the International Monitoring System (IMS) stations to find out
correlations with the observable detections of radionuclides at the RN43 station in Nouakchott. The
data fusion between IMS data and open access data can be considered as a tool for National Data
Centres to understand detections and levels at IMS stations. Furthermore, it can be used to verify
seasonality of anomalous detections. Some suggestions on how to introduce new parameters and
data in the civil and scientific application section of the CTBTO secure web portal will be also pre-
sented. This work has been performed in the framework of a joint collaboration between the Italian
and the Mauritanian National Data Centres.

P2.4-817 – Novel Rock Evaluation for Geological Modeling Using Electrical
Conductivity and P Wave Velocity Measurements

Author: Justin Lowrey1

Co-authors: Christine Johnson1; Joshua Feldman1; Mark Rockhold1; Xiao Luo1

1Pacific Northwest National Laboratory (PNNL)

Detection of radionuclides generated from underground nuclear explosions depends, first and fore-
most, on the movement of nuclides from source to detector. The subsurface environment therefore
has a critical role in determining how and when material signatures become detectable. Field-scale
tracer experiments are essential to furthering scientific understanding of how the subsurface con-
tains nuclear explosion signatures. However, the inaccessibility of the below ground environment
remains a significant hurdle in using such experiments to validate material transport models. Scien-
tists at the Pacific Northwest National Laboratory have collected a large geological site characteri-
zation data set using a dense multi-phenomenological sensor network with the objective of testing
new methods for evaluating rock properties needed for validating subsurface transport models. By
combining electrical conductivity tomography and seismic velocity measurements of this site, three-
dimensional maps of the testbed porosity, permeability and water saturation were estimated. These
mappings served as the framework for transport modeling at the site. Results of these simulations
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have been compared to experimental injections of nitrogen gas in the field to evaluate the joint
inversion methodology.

P2.4-818 – Assessment of Backward Atmospheric Transport Modelling Local-
ization Capability for Increased Xenon Sampling Frequency at Mount Schau-
insland, Germany

Author: J. Ole Ross1

Co-authors: Sofia Brander2; Peter Gaebler1; Andreas Bollhofer2; Lars Ceranna1

1Federal Institute for Geosciences and Natural Resources (BGR)
2Federal Office for Radiation Protection (BFS)

Noble gas systems at International Monitoring System (IMS) radionuclide stations used to operate
with 24 or 12 hours sampling time. The next generation noble gas systems utilize shorter sampling
periods. At station RN33 on Mount Schauinsland, Germany, a SPALAX system with 24 hours sam-
pling is operated by BfS. A Xenon International system with six hours sampling time was installed
in parallel from July 2021 to April 2022. The main contributing emitter to elevated xenon activity
concentrations at RN33 is the medical isotope production facility at Fleurus, Belgium. In a former
study, backward ATM for SPALAX samples with Xe-133 activity concentrations above 2 mBq/m³ has
shown that the majority of source-receptor sensitivity (SRS) fields coincides in the region around
Fleurus and therefore indicates the presence of a repeating emitter. In this study we investigate how
the increase in time resolution in sampling and ATM changes the location capability of backward
ATM. For that, the Lagrangian Particle Dispersion model HYSPLIT (NOAA-ARL) is applied driven
by ECMWF-ERA5 meteorological data in hourly resolution. As the Xenon International system also
allows for additional detections particularly of Xe-135 and isomers, the sensitivity to unknown ad-
ditional sources is potentially improved and analysed.

P2.4-822 –Assessing Local Variability ofRadonBackgrounds in the Subsurface
Using High Density Field Measurements

Author: Justin Lowrey1

Co-authors: Christine Johnson1; Joshua Feldman1; Mark Rockhold1; Xiao Luo1

1Pacific Northwest National Laboratory (PNNL)

Radon is a naturally occurring radioactive gas produced as a decay product of uranium and tho-
rium in geologic media. Radon is therefore a nearly ubiquitous gas background in the subsurface
environment, as well as in many building materials derived from earth materials. In the context of
nuclear explosion monitoring, radon as a background influences radiation detector sensitivities as
an interfering signal and its presence in whole air gas samples is also an indicator of atmospheric
and subsurface air mixing. In recent years, radon has been of increased interest as a signature of
underground explosions with the notion that earth damaging activity is likely to release trapped
geogenic gases. Pacific Northwest National Laboratory scientists have utilized a mesoscale geologic
testbed in New Mexico outfitted with eight multi-interval gas sampling boreholes to study subsur-
face gas migration. As part of this work, multiple series of radon measurements have been made
within the more than 50 sampling locations before and after small chemical explosive detonations.
In conjunction with other measurement and characterization techniques employed at the site, field
results were used to assess the local variability of radon gas in the testbed as well as quantify changes
in radon background levels resulting from explosively generated damage.
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O2.5 Historical data from nuclear test monitoring

O2.5-138 – Historical Nuclear Test and Collapse Data from the Livermore Na-
tional Network Between 1979-1992

Authors: Amanda Price1; Rebecca Rodd1

1Lawrence Livermore National Laboratory (LLNL)

Historical geophysical data recorded during the peak of nuclear testing is rare and limited. Efforts
have been made to preserve and digitize data but have minimal quality control from decades of
lost history and retiring personnel. Furthermore, recent research into the subsequent collapses of
cavities is stifled by the lack of continuous records to investigate historical collapses.

The Livermore National Network (LNN) was a 4-station seismic network in California, Nevada and
Utah that recorded nuclear and tectonic events starting in the 1960s. Here, we present previously
unreleased data from LNN containing over 100 recorded nuclear tests as well as over 50 collapses
associated with a nuclear test. We will discuss the challenges and mitigation efforts we undertook
to preserve and correct any errors in the digitization, waveform rotation and metadata.

O2.5-417 – Spatio-temporal Variations of Short-period S Wave Attenuation
Field in the Region of the Semipalatinsk Test Site (Using Recordings of Nu-
clear and Chemical Explosions)

Author: Inna Sokolova1

Co-author: Yuri Kopnichev2

1Geophysical Survey Russian Academy of Sciences
2Institute of Physics of the Earth of the Russian Academy of Sciences

We have been considering spatio-temporal variations of S wave attenuation field structure in the
region of the Semipalatinsk test site (STS). We studied variations of amplitude ratio for Lg and Pg
waves (parameter Lg/Pg) using seismograms of underground nuclear explosions (UNEs) and also
calibration and quarry explosions, obtained by stations TLG and MKAR. We revealed essential tem-
poral variations of parameter Lg/Pg for the UNEs at three main sites of the STS. At the end of 1980s
mean Lg/Pg values are considerably lower for the Balapan site in comparison with two other sites.
We have studied characteristics of S coda envelopes using recordings of the chemical explosions,
obtained by close stations on the STS territory. The data obtained show that minimal quality values
for temporal stations in the STS region (~40-55 for frequency 1.25 Hz) are considerably lower than
in the seismically active North Tien Shan region (~60-80). It is supposed that the spatio-temporal
variations of the attenuation field structure in the STS region are connected with deep-seated flu-
ids migration in the earth’s crust and uppermost mantle, stipulated by long term intensive UNEs
influence on the geological medium.

O2.5-518 – General Discussion of Analog Seismic Data, and (at last) an Origin
Time for the First Nuclear Explosion (TRINITY)

Author: Paul Granston Richards1

Co-authors: Jocely Lopez Luna2; David Schaff1; Won-Young Kim1; John D. Wilding3; Goran Ekstrom1

1Lamont-Doherty Earth Observatory, Columbia University
2Columbia University
3California Institute of Technology
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Radio timing services failed for the first nuclear test (TRINITY, 16 July 1945), but were available to
determine the origin time of an earlier 108 ton TNT explosion, conducted nearby on 7 May, 1945.
We have scanned and digitized the vertical-component analog seismograms recorded at Tucson Ob-
servatory (TUO, at a distance of 437 km) for both events. These regional signals include Pn and Pg,
and presumably Sn and Lg. We applied cross-correlation methods of analysis to the regional seismic
window, finding that the faint signals of 7 May provide a satisfactory cross-correlation peak when
compared with the 16 July signals. Our best estimate of TRINITY’s origin time is 11:29:24.5 (GMT),
good to a few tenths of a s. This result is significantly different from official reports. We give this
specific result in the context of making three general points: (1) analog records are necessary to doc-
ument the wide range of features of nuclear explosion seismograms; (2) modern cross-correlation
methods of analysing seismograms can be effective and simple to use, in application to analog record-
ings of complicated weak regional seismic signals; and (3) there is merit in developing a complete
list of basic parameters of historic nuclear test explosions.

P2.5 Historical data from nuclear test monitoring

P2.5-121 –Monitoring Traces of Radiocesium in IndonesianWaters and Lands
as an Indicator of Nuclear Weapon Testing Activities

Author: Budi Setiawan1

Co-author: Heny Suseno1

1National Research and Innovation Agency of Indonesia (BRIN)

The spread of radiocesium traces is strongly influenced by the circulation of wind and ocean cur-
rents around Indonesia. Seawater from the Pacific Ocean that enters into the Indonesian marine
water area could distribute Cs-137 from the Fukushima release. Monitoring results show that the
concentration of Cs-137 on the west coast (West Sumatera, Bangka Island, North and South Java,
and Madura) ranges from 0.12 to 0.66 Bq/m3. The effects of seasonal winds can affect the quantity
of trace radiocesium around Indonesia, the influence of currents from the Pacific Ocean when enter-
ing the ITF can wash away radiocesium originating from the Pacific Ocean, especially in the eastern
coast area (north and south Sulawesi, Lombok Strait, Flores Sea) ranges from 0.12 to 0.39 Bq/m3. The
results obtained are similar, as well as at other points, where no radioactivity of Cs-134 was found
at all. According to (IAEA, 2005), the ratios of Cs-134/Cs-137 can be used to identify anthropogenic
radionuclide sources in the marine environment. The ratio was 0. Therefore, the results of our study
indicate that the radiocesium input was from global fallout.

P2.5-186 – Relocation of the Central Asia Comprehensive Seismic Bulletin

Author: Istvan Bondar1

Co-authors: Kevin Mackey2; Anna Berezina3; Natalya Mikhailova4; Rengin Gok5; Andrea Chiang6

1Research Centre for Astronomy and Earth Sciences (ELKH)
2Michigan State University (MSU)
3Institute of Seismology, National Academy of Sciences of the Kyrgyz Republic
4National Nuclear Center of the Republic of Kazakhstan
5U. S. Department of Energy, National Nuclear Security Administration
6Lawrence Livermore National Laboratory (LLNL)

The Lawrence Livermore National Laboratory, Michigan State University, and NDCs in Central Asia
(Kazakhstan, Kyrgyzstan and Tajikistan) digitized seismic bulletins of analog stations between 1951
and 1992. The metadata of all seismic stations of that period were also collected. The national
network bulletin data were then combined with the International Seismological Centre bulletin to
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form the comprehensive bulletin for Central Asia between 1951 and 2017. The bulletin consists
of ~400,000 events and will serve the basis of the new probabilistic seismic hazard analysis for the
region.
We present the relocation results of the comprehensive Central Asia bulletin. We selected events
with less than 355° secondary azimuthal gap, and using the MSU High Performance Computing
facilities, we relocated ~250,000 events with iLoc, a single event location algorithm using regional
seismic travel time predictions to improve locations. We developed a hierarchical review strategy to
perform a thoroughmanual reviewwith strict quality control. We show that each stage of themanual
review brings incremental improvements. We also identified new Ground Truth and anthropogenic
events in the region.
The results show significant improvements in the view of seismicity, providing reliable input for the
PSHA and allowing for a more accurate determination of active seismic zone boundaries.

P2.5-190 – Features of Nuclear Explosion and Earthquake Waveforms from
the Lop Nor Test Site Area Using Digitized Analog Seismograms of Kyrgyzstan

Author: Anna Berezina1

Co-authors: Kevin Mackey2; Inna Sokolova3; Daniel Burk2; Elena Pershina1; Tatiana Nikitenko1

1Institute of Seismology, National Academy of Sciences of the Kyrgyz Republic
2Michigan State University (MSU)
3Geophysical Survey Russian Academy of Sciences

The National Data Center of Kyrgyzstan and Michigan State University (MSU) are digitizing his-
torical analog seismograms of nuclear explosions that were conducted at the People’s Republic of
China (PRC) Lop Nor test site. The methodology for digitizing and data quality control was devel-
oped by the MSU team. Of significant importance is the recovery of original station calibrations and
amplitude-frequency response enabling the generation of dataless files. This allows data display in
units of ground motion and the ability to conduct modern digital processing on the waveforms.
In total, 245 3-component seismograms of 26 atmospheric and underground nuclear explosions were
digitized for the period 1966-1996, recorded by 35 stations at epicentral distances of 754-1542 km. For
most digitized seismograms we are reliably able to recover data up to 5 Hz.
Based on the records of seismic stations of the Kyrgyz system of seismic monitoring, a comparative
analysis of the wave pattern of underground nuclear explosions carried out at the Lop Nor test site
and tectonic earthquakes that occurred in the same area was carried out. The spectral ratios of the
amplitudes of P- and S-waves (e.g., Sn/Pn and Lg/Pg) were measured to search for effective criteria
for seismic discrimination of underground nuclear explosions and earthquakes.

P2.5-238 – Waveforms from Nuclear Explosions Repository

Author: Victoria Oancea1

Co-authors: Yu-Long Kung1; Paul Piraino1; Jeffrey Given1; John Murphy1

1Leidos

The “Waveforms From Nuclear Explosions (WFNE)” repository was developed and is maintained by
Leidos under DTRA sponsorship. It was built as a trusted data set, starting from the previous data
repository “Nuclear Explosion Database (NEDB)” that was accessed in the past by numerous users
in the US and international nuclear explosion monitoring community. WFNE includes detailed in-
formation (origin, bulletin, other geophysical data) on all the 2157 atmospheric, underground and
underwater nuclear explosions detonated in the world from 1945 to 2017. Over 70 000 waveforms
associated to 677 of the nuclear explosions ranging from digitized analog recordings for the oldest
explosions to recent IMS data are included in WFNE, and their station/instrument information, as
collected from many sources. The web-based access and the presentation were updated and mod-
ernized and rendered ready for active user access. Users can search, visualize and download data of
interest for their own research. Data continues to be collected from newly identified sources. Recent
efforts on rescue of pre-digital seismic data via scanning and digitization provide interesting data
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to be added to WFNE, after completeness and quality checks. WFNE will be open for the research
community’s access to source parameter data and associated waveforms from worldwide nuclear
explosions.

P2.5-320 – Frequency of Radionuclides Reported in Remote Atmospheric Ob-
servations of Historic Nuclear Test Explosions

Author: Martin B. Kalinowski1

1CTBTO Preparatory Commission

The observation of atmospheric radionuclides that are associated with nuclear test explosions has a
long history that started already in the 1940s. Over the decades of nuclear testing the methods were
refined and mounted into the high-quality systems implemented in the International Monitoring
System of the CTBTO. The project presented here is reviewing the publications about off-site mon-
itoring of nuclear tests. In fact, many observations were done at large distances and often nuclear
tests were detected at multiple locations, in general in the same hemisphere. Most publications are
associated to tests that occurred in the atmosphere but observation of nuclear debris from venting of
underground nuclear tests were also found. The frequency of radionuclides in remote atmospheric
observations of historic nuclear test explosions is compared to several radionuclide lists considered
for nuclear explosion monitoring to explore how these lists match the historic evidence. Suggestions
are made how this data set is of value for validating and enhancing methods based on radionuclide
analysis and related atmospheric transport simulations with the objective of identifying and charac-
terizing the source of an event that is of relevance for atmospheric radioactivity monitoring for the
Comprehensive Nuclear-Test-Ban Treaty.

P2.5-329 – Parametrization of Seismic Records of Nuclear Tests Conducted at
the Nop Lor Test Site

Author: Sezim Abyshova1

Co-authors: Inna Sokolova2; Elena Pershina1; Baktygul Omukeeva1; Anna Berezina1

1Institute of Seismology, National Academy of Sciences of the Kyrgyz Republic
2Geophysical Survey Russian Academy of Sciences

During the years of nuclear tests, a network of seismic stations of the Institute of Seismology NAS
KR operated on the territory of Kyrgyzstan, the data of which are very important for seismic mon-
itoring purposes. Most of these stations were installed far from natural and anthropogenic sources
of seismic noise, on bedrock, in specially equipped bunkers and tunnels. In addition, most of the nu-
clear explosions from the Asia test sites, as well as peaceful nuclear explosions on the territory of the
USSR, were carried out at regional distances from the stations of the network. Metadata about seis-
mic stations were collected, including coordinates refined by modern methods, amplitude-frequency
responses, etc. More than 15 000 seismograms of nuclear explosions and earthquakes were scanned
with a resolution of 1200 DPI, and the records are being digitized. According to historical seismo-
grams, a seismic bulletin was created for seismic records of nuclear explosions from the area of the
Lop Nor test site, magnitudes mb, mpv, MLH and energy class K were calculated. More than 500
seismograms were processed (1966-1996), and analysis of the dynamic parameters of seismic records
of nuclear explosions depending on the explosive yield and the explosion environment were carried
out.

P2.5-395 – Study of Historical Peaceful Nuclear Explosions Parameters Con-
ducted on the Territory of the former USSR

Author: Irina Aristova1

Co-authors: Inna Sokolova2; Alexandr Velikanov1; Darkhan Komekbayev1
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1National Nuclear Center of the Republic of Kazakhstan
2Geophysical Survey Russian Academy of Sciences

One of the most valuable sources for ground truth events are peaceful nuclear explosions as these
were conducted in different geological environments on a vast territory. Temporary stations were
deployed very often to record these events, and, in addition, in recent years work on the precise
coordinates using contemporary methods was conducted. Using the records of historical analog
seismograms of 1965 – 1988, a seismic bulletin of peaceful nuclear explosions conducted on the
territory of the former USSR was compiled. In total, more than 1500 seismograms were processed.
For this study, the archive records of the CSE IPE AS USSR network, whose stations were installed on
the entire territory of the former USSR at an epicentral distance of 520-6700 km away from peaceful
nuclear explosions, were used. The regional travel time curves of the main seismic phases were
constructed by data of calibration sources for different regions of Kazakhstan. These were tested and
compared with other regional and global travel time curves for this territory. The dependences of the
regional magnitudes on the explosions yield were constructed. It was shown that the dependence
is affected much by the medium in which the explosion was conducted. The obtained results can be
used for the seismic stations calibration and in nuclear tests monitoring tasks.

P2.5-426 – Study and Application of Explosion Records for Engineering Seis-
mology Tasks

Author: Inna Sokolova1

Co-authors: Natalya Mikhailova2; Alexandr Sokolov1

1Geophysical Survey Russian Academy of Sciences
2National Nuclear Center of the Republic of Kazakhstan

At the present moment, for many regions of the world, one of the topical issues is the prediction
of industrial blasts seismic effects on the infrastructure and adjacent settlements. The IGR con-
ducts this kind of work using the historical records of explosions and description of its effect on
constructions as well as using the data of field experiments on mining explosions recording at the
region of mineral deposits production quarries. The records of large chemical and nuclear explo-
sions were collected; for these explosions, the typical buildings were especially constructed at the
near zone, and strong-motion accelerometers were installed at different floors. In Kazakhstan, for
instance, such investigations were conducted for large chemical explosions at the construction of
the mudflow dam near Almaty, at the Medeo mountain area (1966, 1967), and for a peaceful nuclear
explosion Lazurit (1974) at the Semipalatinsk Test Site. In recent years, using the data of the field
seismic stations installed at copper and rock phosphate deposits, the effect of different yield explo-
sions on the infrastructure of quarries and constructions in the nearest settlements was studied in
quantitative oscillation parameters and in seismic intensity units. The values of seismic effect on the
constructions depending on the distance and explosive mass were calculated.

P2.5-439 – The Air Force Technical Application Center Efforts to Collect, Pre-
serve and Integrate Historic Geophysical Data

Author: Lillian Soto-Cordero1

Co-authors: Michael Jezard2; Alan Poffenberger1

1Air Force Technical Applications Center (AFTAC)
2Leidos

During the past decades, Air Force Technical Application Center geophysicists, recognizing the im-
portance of preserving analog historic data, have led various internal efforts to rescue and preserve
legacy geophysical records. Wewill discuss the efforts and approacheswe use to collect and integrate
historical nuclear explosion data into our systems and to leverage its use to support our operational
and research needs.  The development and use of uniform and systematic quality control measures
and metadata standards is an integral part of our prioritization processes for inclusion of event data
into a curated reference database. We also developed procedures to identify ‘continuous stations’
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(stations that recorded historic events and continue to operate in the present) that may provide long
term empirical data. In addition, we will share some of the challenges and lessons learned in our
race against time to preserve and maximize the use of this unique, invaluable and irreplaceable re-
source while facilitating the transfer of technical and scientific knowledge from older to younger
generations.

P2.5-450 – CTBTO Link to the International Seismological Centre Database
Providing Access to Current and Historical Seismic Data

Author: Dmitry Storchak1

Co-author: Ryan Gallacher1

1International Seismological Centre (ISC)

The CTBTO link to the database of the International Seismological Centre (ISC) is a service pro-
vided on behalf of and by arrangement with the International Data Centre. The link provides the
Provisional Technical Secretariat (PTS) and National Data Centres (NDC) with dedicated access to
long term definitive global datasets maintained by the ISC. Functionality includes specially designed
graphical interfaces, database queries and non-International Monitoring System (IMS) waveform
requests. This service gives access to the ISC bulletins of natural seismicity of the Earth, mining
induced events, nuclear and chemical explosions (specifically 1085 nuclear explosions from 1961 -
2017); the ISC-EHB dataset; the IASPEI Reference Event list and the ISC Event Bibliography. The
link is a useful tool for accessing historical event data which can be used for training and calibration
work commonly carried out by the NDCs and PTS.The searches are tailored to the needs of the mon-
itoring community and allow for area-based searches and comparisons between the ISC bulletin and
the Reviewed Event Bulletin. Additionally known historical nuclear explosions can be searched as a
subset of both bulletins. Recently we have developed an expanded station search function for both
IMS and non-IMS stations allowing the user to check suspected time periods of inverted polarities
at openly available seismic stations.

P2.5-496 – Recovery and Digitization of Soviet Peaceful Nuclear Explosions
from Russian Legacy Analog Seismograms

Author: Ruslan Dyagilev1

Co-authors: Yuri Vinogradov1; KevinMackey2; Daniel Burk2; Kaitlynn Stibitz2; ChristopherWitte2; BrandiWheeler2;
Luis Bernardo Martinetti2; Josie Anderson2

1Geophysical Survey, Russian Academy of Sciences
2Michigan State University (MSU)

The Geophysical Survey of the Russian Academy of Sciences and Michigan State University are re-
covering, scanning, and digitizing the historic analog seismograms of Soviet Peaceful Nuclear Explo-
sions (PNEs). The Soviet Union detonated 122 PNEs from the mid-1960s through the late 1980s. The
PNEs were conducted in a wide range of geologic settings and geographic locations, thus represent-
ing a unique data set for geophysical studies. These explosions were well recorded by the regional
seismic networks, where thousands of seismograms are retained. We are generating high resolution
scans of the seismograms and digitizing the waveforms for analysis. Along with the seismograms,
we are recovering the original station calibrations, responses, and metadata for each station and de-
veloped code to generate Dataless SEED files for use with the digitized data. Most seismograms are
from short period instruments, and when combined with the correct station calibration information,
the digitization process accurately recovers ground motion signals to at least 5 Hz. The resulting
digital waveforms are of high quality and are usable for quantitative research.

P2.5-500 – Recently Digitized and CalibratedHistorical Seismic Data of United
StatesUndergroundNuclear Tests Recorded on the LeoBrady SeismicNetwork
in the 1960s and 1970s
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Author: Brian Young1

Co-author: Danielle Shields1

1Sandia National Laboratories (SNL)

The Leo Brady Seismic Network (LBSN) is a small regional seismic network established in 1960 by
Sandia National Laboratories to monitor US underground nuclear tests at the Nevada Test Site (now
known as the Nevada National Security Site). Until the mid-1980s, data recorded by this network
were telemetered as frequency modulated audio from each seismograph over telephone lines to a
central location where the signals were then split — one path going to traditional seismic paper
records and the other to analog magnetic tapes. While the paper records have long since been lost
to history, the tapes have survived. For the past several years, we have been working to digitize
these tapes and recover and calibrate waveforms from them. Herein we present the first major
results of our recovery efforts, showing newly recovered seismic waveforms which, until today,
have not been seen for more than half a century and have never been available in digital form. We
also describe the recovery process and data quality associated with such old seismic records. These
“new” old waveforms provide additional data to validate International Monitoring System models
and algorithms. SNL is managed and operated by NTESS under DOE NNSA contract DE-NA0003525

P2.5-543 –Analysis ofDifferentNature EventsRecords form the Semipalatinsk
Test Site Region

Author: Pavel Ryabenko1

Co-authors: Daniel Burk2; Inna Sokolova3; Iraida Aleshenko1; Kevin Mackey2

1National Nuclear Center of the Republic of Kazakhstan
2Michigan State University (MSU)
3Geophysical Survey Russian Academy of Sciences

The Institute of Geophysical Research of the Republic of Kazakhstan conducts work on scanning
and digitalizing of archived photo paper seismograms from the CSE IPE AS USSR. The records are
digitized using WaveTrack software developed by the Novosibirsk Regional Center for Information
Technologies of Russia and adjusted for data saving in contemporary formats. The main task of the
project is to save the historical seismograms of nuclear explosions conducted at the Semipalatinsk
Test Site recorded at regional distances and convert them into research quality waveforms. The
WaveTrack digitization results were compared with records digitized previously by NXSCAN soft-
ware developed by IRIS, USA. The comparison shows some advantages of the new software. The
digitalized historical seismograms are used in a range of tasks related to nuclear test monitoring.
The report shows the study results of dynamic parameters of digitized seismic records, energy and
magnitude calculations of underground nuclear explosions (UNEs) conducted at Degelen site in the
same tunnels. For UNEs, the decrease of seismic effect is observed for the second explosion con-
ducted in geological medium partially destructed by the first explosions. Thus, a clear dependence
of seismic effects as a function of the degree of destruction and fracturing of rocks is observed.

P2.5-653 – 25 Years of Seismic, Hydroacoustic, and Infrasound Data Analysis
at the CTBTO – Achievements, Changes, and Challenges

Author: Ehsan Qorbani Chegeni1

Co-authors: Baby Jane Punongbayan1; Gerard Rambolamanana1; Gerhard Graham1; Haijun Wang1; Kwangwari
Marimira1; Marcela Villarroel1; Miguel Palma1; Moulay Ali Kasmi1; Sherif Ali1; Sleyde Paola Quintero Colorado1;
Tea Mumladze1

1CTBTO Preparatory Commission
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Automatic bulletins are created using data from the International Monitoring System (IMS) seismic,
hydroacoustic and infrasound stations. These bulletins are interactively analysed and reviewed by
the Monitoring and Data Analysis (MDA) Section at the Comprehensive Nuclear-Test-Ban Treaty
Organization (CTBTO). The automatically processed Standard Event Lists (SEL3) are reviewed in
detail to modify phases, parameters, and locations; raw data from all stations are also analysed and
scanned to build missing events in the automatic process. This routine analysis results in delivering
the Late Event Bulletins (LEB) and the Reviewed Event Bulletins (REB), which are released on a daily
basis since 1999. However, over the last 25 years, the number of operational IMS stations has grown.
In addition, there have been changes, updates, and improvements in the technologies, methods, and
analysis tools. Here, we present statistics of the automatic processed bulletins as well as the output
LEB and REB for the past 25 years. Moreover, we show how the network growth has affected the
bulletins in terms of the number of detections. We also illustrate how the new tools could affect both
automatically processed and reviewed bulletins. Furthermore, we discuss the routine interactive
analysis challenges along with suggestions on how to overcome these.

P2.5-837 – Possible Historical Seismic Recordings of the 6 July 1962, Sedan
Nuclear Explosion by the Mechanical Seismographic Stations of the National
Seismological Service of Mexico

Author: Miguel Angel Santoyo1

Co-author: Raúl Corona-Fernandez1

1Universidad Nacional Autónoma de México (UNAM)

During the first half of the 20th century, most earthquake ground motions in Mexico were recorded
by the Mexican seismological network, equipped with different Wiechert mechanical seismographs
on smoked paper. Nowadays, the analogue seismographic collection of Mexico is stored and main-
tained at the Joint Library of Earth Sciences of UNAM, as part of the Sismoteca-SSN project, to
preserve, digitize and reuse these legacy data. Due to the availability this collection, we have found
different smoked paper seismograms at the Tacubaya (TAC) Central station for the period from 5
to 7 July 1962. On 6 July 1962, a shallow underground nuclear test was conducted in the Yucca
Flat, Nevada. This event, known as the Storax Sedan nuclear test had a yield equivalent of about
104 kilotons TNT. After visual inspection of the seismograms from the astatic horizontal Wiechert
seismograph (17 000 kg) in TAC station, at a distance of 2560 km away from the nuclear test site,
different possible seismic traces could be related with that nuclear event. In this work we analyse
the seismic traces recorded in these smoked seismograms, in order to define if this explosion could
have been recorded at this distance by a high sensitive mechanical seismograph in Mexico.
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O3.1 Seismic, hydroacoustic and infrasound technologies and ap-
plications

O3.1-017 – SeismicArrayDesignUsingArrayResponse FunctionOptimization

Author: Mehdi Maheri Peyrov1

Co-authors: Mohammad Tatar1; Anooshiravan Ansari1; Saeed Soltani Moghadam1

1International Institute of Earthquake Engineering and Seismology (IIEES)

Designing an array is one of the main tasks during setup planning. Array configuration depends on
the goal of monitoring, which may cover a large variety of purposes including monitoring of the de-
sired area, local seismicity, global teleseismic monitoring, etc. In this study, we developed a method
to automatically design an array configuration for regional monitoring purposes by optimizing the
array response function.
We used the Fuzzy Self-Tuning Particle Swarm Optimization method to optimize the array geometry.
Ideally, a well-designed array is defined by an array response function similar to the delta function.
We have assigned this criterion as our objective function to introduce the suggested seismic array.
In this way, the optimization procedure tries to minimize the power of side lobes by moving the
array station’s position.
We have implemented a synthetic waveform simulation to verify the suggested array efficiency. In
this step, a synthetic event is simulated and relocated using synthetic array beamforming. The sug-
gested array is acceptable if the epicentral difference between the synthetic event and the relocated
one is less than 10 km.
Our approach could successfully find the best array geometry and the synthetic event location accu-
racy is acceptable for different scenarios.

O3.1-676 – InterlaboratoryComparison on Infrasound Sensors (Results of PTS-
AVH.A-C1)

Authors: Dominique Rodrigues1; Yacine Sid Ahmed2; Alfred Kramer2; Benoit Doury2; Bion John Merchant3; Car-
rick Talmadge4; Chad Smith5; Franck Larsonnier6; Paul Vincent6; Richard Barham7; Thomas Gabrielson5

1Laboratoire National de Métrologie et d’Essais (LNE)
2CTBTO Preparatory Commission
3Sandia National Laboratories (SNL)
4National Center for Physical Acoustics (NCPA), University of Mississippi
5Penn State University
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6Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
7Acoustic Sensor Networks Limited

The Provisional Technical Secretariat (PTS) defined a quality assurance programme for infrasound
measurement systems of the International Monitoring System (IMS). This resulted in collaborations
with international experts in the field of infrasound, metrology, and quality assurance. An objective
is to ensure consistency in measurements and equivalence in data produced across the IMS network.
In this framework, the PTS coordinated pilot studies with results presented in ITW2017. Following
lessons learned from these studies, the PTS initiated the first interlaboratory comparison ever made
in the IMS infrasound monitoring range, including sensor measurement of self-noise, sensitivity and
frequency response. During this exercise, infrasound sensors, microphones and barometric pressure
sensors were circulated for measurements (June 2020 - January 2021). This presentation illustrates
measurements from five participants, a description of their calibration/measurement methods, and
an analysis of the degree of equivalence between laboratories.

O3.1-698 – Determination of the Frequency Response of Seismic and Infra-
sonic International Monitoring System Station Sensors Using an On-Site Cali-
bration Approach

Author: Michaela Schwardt1

Co-authors: Christoph Pilger1; Samuel Kristoffersen2; Thomas Bruns3; Franck Larsonnier2; Leonard Klaus3; Patrick
Hupe1; Peter Gaebler1; Lars Ceranna1

1Federal Institute for Geosciences and Natural Resources (BGR)
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3Physikalisch-Technische Bundesanstalt (PTB)

The development of laboratory calibration methods for seismometers and microbarometers in the
low frequency range down to 0.01 Hz provides the possibility of a traceable on-site calibration dur-
ing operation for field sensors of the International Monitoring System. The laboratory calibrated
reference sensors can be installed as transfer standards at the stations co-located to the operational
sensor, thereby improving data quality and identification of Treaty-relevant events while not disturb-
ing the regular measurements for Treaty validation purposes. At International Monitoring System
stations PS19 and IS26 in Germany we performed on-site calibrations tests with both seismometers
and microbarometers calibrated at the laboratories at PTB and CEA, respectively, using signals from
different natural and anthropogenic excitation sources. Following the approaches of Gabrielson
(2011) and Green et al. (2021), the frequency response function of the station sensors including site
specific factors such as the wind noise reduction system or possible effects of pre-amplifiers and
data loggers are determined. We present calibration results of the comparison between the station
sensors with the laboratory-calibrated instruments along with the nominal responses of the sensors.
Furthermore, the possibility of a station-wide calibration of seismometers with a single temporary
and stationary reference sensor is assessed using suitable excitation signals and station-wide simi-
larity measures.

P3.1 Seismic, hydroacoustic and infrasound technologies and ap-
plications

P3.1-161 – Improvements of theHigh-PrecisionTiltmeter’s InstrumentalCom-
plex Installed in the Northern Caucasus Geophysical Observatory of IPE RAS

Author: Valentin Gravirov1

Co-authors: Alexey Deshcherevskii1; Dmitry Likhodeev1; Pavel Mikhailov1
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1The Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

During last year a large volume of tasks was made in our high-precision tiltmeter’s instrumental
complex installed in the underground geophysical laboratory of IPE RAS situated at deep adit in
Andirci mountain not far from of the Elbrus volcano. The main scope of work was devoted both to
improving the instrumental park of the laboratory and to carrying out a set of works on precision
spatial orientation of geophysical measuring equipment on pedestals in the adit. Now the instru-
mental complex of laboratory consists of the main unique instruments (a two-axial high-precision
tiltmeter and quartz tiltmeter) and the electronic 24 bits data acquisition, processing, and storage sys-
tems. There are installed round-the-clock monitoring of the parameters of the environment around
the tiltmeters, including precision measurement of the temperature of the ambient air with a rela-
tive measurement accuracy of about 0.001 degrees Celsius, the pedestal and body of the tiltmeter,
the measurement of humidity and atmospheric pressure. In addition, the highly sensitive and eye-
safe LIDAR system is helped to monitor the aerosol emitted by cracks at the installation site of the
complex. The achieved orientation of the actual position of the pedestals was made with an accuracy
of ±00°02’.

P3.1-172 –High Frequency GroundMotion Calibrations of Seismometers used
at IMS Stations

Authors: Doug Bloomquist1; Bion John Merchant1; George Slad1

1Sandia National Laboratories (SNL)

Calibration of seismometers used in nuclear explosion monitoring systems, such as the International
Monitoring System, is important for providing confidence in the measurements of ground motion
and the resulting analysis that is performed on the waveform time series data. Six models of seis-
mometers widely used at International Monitoring System stations have been calibrated using high
precision vertical and horizontal shake tables that utilize metrologically traceable measurements of
instrument motion using a laser vibrometer. The results of these ground motion calibrations are
compared to the instruments’ nominal response provided by manufacturers and to their electrical
calibration results which are obtained in a similar manner to in-field calibrations. This study focuses
on the high frequency (up to 50Hz) performance of the instruments and offers insights into how the
instruments perform.

SNL is managed and operated by NTESS under DOE NNSA contract DE-NA0003525

P3.1-175 – Distributed Acoustic Sensing: A Step Towards the Standardization

Authors: Konstantin Kislov1; Valentin Gravirov2

1Institute of Earthquake Prediction Theory and Mathematical Geophysics (IEPT RAS)
2The Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

Distributed acoustic sensing (DAS) is experiencing an exponential growth. Although some diffi-
culties in applying this technology to solve some problems of seismology have been encountered,
however the main obstacle is insufficient metrological assurance. For each virtual sensor (channel),
a lot more work is required in determining its positioning, orientation, transfer function and self-
noise, etc. Part of the metrological characteristics can be estimated in advance if you know the type
of cable, the depth and method of its laying, the type of soil and its compaction and local conditions.
A library of publications on the influence of these parameters on the metrological characteristics is
needed. For specifying other characteristics it is possible to develop simplified evaluation methods
that, with sufficient accuracy, will allow the use of DAS. Currently, a lot of work is being carried
out using DAS, its comparison with traditional seismic sensors and study of individual metrological
characteristics. Each such study has an undoubted value, because it adds a new brick to the DAS. In
this work, we describe some of the principles and considerations that we used in designing of the
experiments.
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P3.1-182 – Main VNIIA Focus Areas Related to the CTBT Technologies

Authors: Gleb Zasimov1; Oleg Gerasimchuk1

1All-Russia Research Institute of Automatics named after N.L. Dukhov (VNIIA)

VNIIA is a leading company of Rosatom State Atomic Energy Corporation in CTBT implementation,
which currently performs a range of researches:
- develops a scientific and methodical support and hardware and software for CTBT on-site inspec-
tion (OSI) activities, provides a comprehensive assessment and analysis of efficiency of controls and
data information content published by the International Data Centre (IDC);
- participates in the analysis of events which reveal a possible non-compliance with CTBT on the
part of other States Parties, collects the geophysical and radionuclide information based on products
of the IDC;
- develops software to process the geophysical information in the National Data Centre;
- improves the data analytics system to use it in applied researches for monitoring the CTBT compli-
ance;
- investigates the ways to create an expert system for checking a procedure for CTBT OSI and for
using it in applied researches in the framework of the Rosatom activities in the field of CTBT com-
pliance monitoring in order to predict and evaluate OSI results;
– has finished the development of a short period vertical seismometer and three-component broad-
band seismometers for the seismic monitoring systems

P3.1-192 – Noise Study Examples for Infrasound Stations

Author: Pavel Martysevich1

Co-authors: Yury Starovoyt2; Ichrak Ketata1

1CTBTO Preparatory Commission
2AddProject

Recent development in infrasound noise models (Marty et al, 2021) and progress in digitizers’ and
microbarometers’ design allows the introduction of precise infrasound noise studies for new instal-
lation and for station upgrades. IMS/ED/SA has compiled a library of equipment self noise data and
background infrasound noise data of IMS infrasound stations based on percentile calculations. The
presented noise study charts show the results of the studies at multiple IMS stations. The outcome
suggests revision of the IMS minimum requirements for infrasound station specifications in the part
of microbarometer and system noise.

P3.1-203 – Spectral Characteristics of Seismic and Infrasound Noise by Data
of the Monitoring Network Stations of the National Nuclear Center of the Re-
public of Kazakhstan

Author: Yuriy Smirnov1

Co-authors: Alexandr Smirnov1; Natalya Mikhailova2

1National Nuclear Center of The Republic of Kazakhstan
2National Nuclear Center of the Republic of Kazakhstan

The spectral characteristics of seismic and infrasound noise were calculated by the waveforms of
the NNC RK network stations using PQLX software. The calculation results were compared with
the seismic noise model by Peterson and infrasound noise by Brown. The daily and seasonal noise
variations were analysed. Special attention was paid to regularities of the level change at micro-
seismic maximum. The observed peculiarities are well explained by the location and dynamics of
microseism and microbarom sources located in the North Atlantics.
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P3.1-280 – Extension of the In Situ Measurement Using the Modular Design
Sea Floor Observatory System

Author: Hiroyuki Matsumoto1

Co-authors: Eiichiro Araki1; Takashi Yokobiki1; Shuhei Nishida1; Yuya Machida1; Shuhei Tsuji1; Satoru Baba1

1Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

Two oceanic plates are converged offshore around the Japanese Islands, in which the Philippine Sea
plate is subducting at the Nankai trough in southwest Japan. Historically, a mega-thrust earthquake
is repeated every 100-150 years along the Nankai trough, and the last earthquake series occurred in
the 1940s. For this reason, real time sea floor observatories for earthquake and tsunami monitoring,
i.e. the DONETs were installed in 2010. The DONET is capable of adding new sensors with plugging
in underwater connectors. Making use of this underwater technology, three borehole observato-
ries, two different typed tilt meters, and one fibre-optic strain meter have been connected with the
DONET before. In 2022, two fibre-optic strain meters were additionally installed at the same loca-
tion of the existing fibre-optic strain meter, making it possible to compare to each other and reduce
the ambient noise. In this presentation, we introduce the underwater technologies developed for
adding new sensors. Such technologies include tools for thin fibre-optic cable extension, plugging
in underwater connecters, etc. worked by a remotely operational vehicle (ROV). It has been shown
that our in situ measurement can be performed based on the modular design sea floor observatory
system and supported by advanced ROV operations.

P3.1-313 – Integration of anOptical Based Sensor in aMechanical Seismometer

Author: Olivier Rousseau1

Co-authors: Daniel Fouquet1; Fabrice Lepoint1; Serge Olivier1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

In this research, a new optical sensor is used to measure the suspended mass displacement in the
seismometer. In the last decades, scientists have used optical interferometer set-up to improve ac-
curacy in displacement measurement. To integrate such optical measurement in a seismometer, all
the optical functions, as beam splitter, are integrated in an optical substrate. The only remaining
macroscopic elements are the mirror fixed on the suspended mass and the lens to focus the beam
on the mirror. The intrinsic noise is below the seismic low noise model all over the bandwidth of
interest. To correct the measures from optical defects of the lens or/and the mirror, a correction
algorithm is used and allows to reach a coherence of one between the optical measurement and tra-
ditional sensors. The results show the accuracy and reliability of such optical sensor integrated in a
mechanical seismometer.

P3.1-333 – Design and Validation of a Wide Band Optical Seismometer

Authors: Fabrice Lepoint1; Daniel Fouquet1; Olivier Rousseau1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

Our recent research in an integrated optical interferometer has led to the development of a very low
noise optical seismometer based on such transducer. The performances of the transducer combined
with the appropriate technical choices for its integration leads to a seismometer which is able to
measure subnanometrics earth displacements over a very wide bandwidth. Our optical seimometer
has an intrinsic noise which is at least 10 dB below the seismic low noise model from 10-5 Hz up to 10
Hz. More generally, this seismometer benefits from more than 50 years of experience in geophysic
sensors design at CEA.
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P3.1-557 – Preliminary Design of Relative Humidity Virtual Sensor in North-
ern Middle Java Province of Indonesia

Author: Haryas Wicaksana1

Co-authors: Naufal Ananda1; Ibnu Sofwan Lukito1; Agus Sail1; Shodiq Winarko1; Fania Yolanda Kholis1; Robiatul
Adawiyyah1; Evi Nilasari1; Roni Saputro1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

Relative humidity sensor is one of automatic weather station (AWS) component. Based on annual
quality control, relative humidity sensor data have approximately 7% of unavailability because of
system maintenance in 2020. This study proposes design of relative humidity virtual sensor accord-
ing to competitive sensing concept. It is simulated on three AWS in northern Middle Java Province
of Indonesia, namely AWS Kandeman, Pemalang and Kajen from January to March 2021. These AWS
are installed adjacently around northern highway of Java in triangular constellation. Virtual sensor
is arranged based on data fusions from physical sensors using MLP and LSTM algorithm. Three
previous delayed temperature and relative humidity sensor data is utilized as inputs. Data are then
segmented into 70% training and 30% testing data. Virtual relative humidity sensor for AWS Kajen
is accurately composed by combination of delayed AWS Kandeman and Kajen data using MLP with
1.38 %RH of RMSE. Virtual relative humidity sensor for AWS Pemalang is accurately composed by
combination of delayed AWS Kandeman and Pemalang data using MLP with 2.04 %RH of RMSE. Vir-
tual relative humidity sensor for AWS Kandeman is accurately composed by combination of delayed
all of those AWS data using MLP with 2.04 %RH of RMSE.

P3.1-558 – On the Influence of Atmospheric Conditions on Ambient Seismic
Noise

Author: Andreea Tolea1

Co-authors: Bogdan Grecu1; Victorin Toader1; Iren-Adelina Moldovan1; Cristian Neagoe1

1National Institute for Earth Physics (NIEP)

Ambient seismic noise (ASN) is defined as small vibrations recorded throughout the Earth’s surface.
The generating noise sources are classified into anthropogenic sources (<1 s) and natural sources (>1
s). In this study, we used data from the Romanian Seismic Network (RSN) stations, operated by the
National Institute for Earth Physics (NIEP) and we analysed the influence of atmospheric parameters
on the ASN level. A long term evolution of seismic noise emphasized a drop-off in the noise level
in 1-2 s period band interval at most of RSN broadband stations in the second half of October 2019.
We also observed a good correlation between the increase of the noise level and the increase of the
wind speed for the 0.5-0.05 s period band interval. In this paper, the atmospheric data are provided
by the NIEP’s weather stations collocated with seismic stations.

P3.1-578 – CalxPy: A Software for Calibration Against a Reference

Author: Benoit Doury1

Co-author: Ichrak Ketata1

1CTBTO Preparatory Commission

The InternationalMonitoring Systems (IMS) draft operational manuals for waveform stations require
that IMS stations be calibrated regularly. Since 2012, the Provisional Technical Secretariat (PTS) had
relied mostly on electrical calibration to meet that requirement. However electrical calibration has
inherent challenges (no traceability, integration and sustainment issues, high operating costs, etc.).
A part of the geophysical community, including station operators, has started performing regular
calibrations by comparison against a co-located reference. This method allows a more systematic
and centralized approach to calibration. Over the past few years, it has been increasingly used at IMS
stations, particularly infrasound ones. In this context, the PTS is developing tools to support this al-
ternative approach. We present CalxPy, a web-application developed at the PTS for the calibration of

Page 109



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

geophysical systems by comparison. With CalxPy, one can calculate, store, and display the response
of a system for a given period, or track the evolution of the response against time or environmental
variables. CalxPy allows the reporting of calibration results in IMS2.0 format. CalxPy supports the
Initial calibration and on-site yearly calibration processes, as well as data quality control. CalxPy
can be deployed in the IDC pipeline and in NDC-in-a-box.

P3.1-595 – A Truly Very Broadband (VBB) Borehole Seismometer with flat Re-
sponse over five Decades of Frequency

Author: Cansun Guralp1

Co-authors: Horst Rademacher1; Maksim Alimov1; Nichola Boustead1; Paul Minchinton1; Rebekah Jones1; Robert
Kirrage1

1Gaiacode Ltd

Decades ago new opportunities in seismologywere opened by the development of broadband seismic
sensors with feedback. The three defining characteristics of these instruments were the bandwidth
extension to longer periods, a much lower intrinsic noise and a higher dynamic range. However, the
goal of further extending their bandwidth to frequencies above 100 Hz has proven elusive because
these sensors are plagued by parasitic resonances leading to modes not controllable by the feedback
system. Here we present a new low noise seismic borehole sensor with a truly VBB flat response
over five frequency decades from 2.7 mHz (360 sec) to 270 Hz. The instrument has no mechanical
resonances below 400 Hz. We achieved the bandwidth extension to high frequencies with improve-
ments of the mechanical design, i.e. the arrangement of the pivots and the geometry of the spring.
The design is realized in a borehole arrangement, where three sensors are stacked in 90-degree an-
gles to each other. Including a single jaw hole-lock as a clamping mechanism the complete stack
has a diameter of 89 mm, is 625 mm long and weighs about 24.5 kg. We show test results from three
co-located complete borehole sensors with identical frequency responses.

P3.1-618 – Challenges of Low Frequency Seismometer Calibrations

Authors: Leonard Klaus1; Thomas Bruns1

Co-authors: Adrien Canu2; Franck Larsonnier3; Jacob Holm Winther4

1Physikalisch-Technische Bundesanstalt (PTB)
2Laboratoire national de métrologie et d’essais (LNE)
3Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
4Danish Primary Laboratory on Acoustics (DPLA)

The traceable calibration of seismometers is research work within the European research project
(InfraAUV ), which is part of the EMPIR programme. In this project, novel in-laboratory and on-site
calibration procedures for seismometers are developed. The in-laboratory calibrations are carried
out using electrodynamic shakers to excite sinusoidal vibrations. These excitations are measured
by the seismometer under test and a reference laser interferometer. The calibration process itself
is already well-established, used with accelerometers and standardized in ISO 16063-11. However,
several specialties of seismometers require consideration: 1) Frequency range and duration: the low
frequencies (here, as low as 10 mHz) require a long measuring time. To reduce the time consuming
and costly measurements, excitation methods with multiple frequencies have been developed and
applied to seismometers; 2) Tilting: the high sensitivity of seismometers makes horizontal calibra-
tions prone to deviations from tilt. The tilting results in components of the gravitational acceleration
adding to the velocity signal generated by the exciter. If the tilting changes proportionally to exci-
tation, it has the same frequency and phase as the excitation; 3) Electromagnetic disturbance:
some seismometers are sensitive to magnetic fields. Electrodynamic shakers produce inhomoge-
neous static and dynamicmagnetic fields. Both can negatively affect themeasurement result.
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P3.1-646 – Microphone Carousel – Exploiting the Hydrostatic Pressure Gradi-
ent for the Calibration of Measurement Microphones

Author: Marvin Rust1

Co-author: Christoph Kling1

1Physikalisch-Technische Bundesanstalt (PTB)

Reliable and comparable measurements of physical quantities require traceability to the interna-
tional system of units (SI). Sound pressure is traditionally quantified using measurement micro-
phones as transfer standards, for which the established primary calibration methods are currently
limited to frequencies of 2 Hz and higher. These frequencies do not fully cover the range of inter-
est for the International Monitoring System. For this reason, multiple primary calibration methods
for airborne infrasound based on different physical principles are currently in development. The
method presented in this talk utilizes the vertical gradient of the ambient air pressure as stimulus. A
microphone under test is subjected to an alternating pressure by periodically changing its altitude.
This principle has been realized in a calibration setup colloquially called the ‘microphone carousel’.
In this setup, a rotating disk periodically changes the height of a microphone by about ±0.30 m. This
subjects the microphone to a sinusoidal alternating pressure which is calculable in amplitude and
frequency. With this method, measurement microphones can be calibrated in a frequency range
from 0.1 Hz to 5 Hz with a planned extension to 10 Hz. In this presentation, the capabilities and lim-
itations of the microphone carousel for the calibration of measurement microphones are discussed.

P3.1-671 – An External Calibrator for Hyperion Infrasound Sensors: Progress
and Direction

Author: David Harris1

Co-authors: Carrick Talmadge2; Jonathon Parsons1; Hank Buchanan2; Chad Williams1

1Hyperion Technology Group Inc.
2National Center for Physical Acoustics (NCPA), University of Mississippi

Hyperion Technology Group, Inc., along with the National Center for Physical Acoustics at the Uni-
versity of Mississippi, USA (NCPA ), has been developing an integrated calibration system for its
line of infrasound sensors. This technology will allow self-calibration of the infrasound sensor in
the field using existing installed equipment. While currently verified as an add-on for existing sen-
sors, work is progressing to integrate the system into the sensor hardware for a fully self-contained
deployment. The calibrator allows the sensor to function nominally without significant change in
response. When activated by an external signal from existing digitizers the system will produce sig-
nals between 0.01 and 10 Hz at amplitudes greater than 30 Pa. We report on the theory, performance,
and roadmap for implementation.

P3.1-724 – Compact Dual Fabry-Perot Refractometer for Infrasound Dynamic
Pressure Measurements

Authors: Paul Vincent1; Romain Karcher1

Co-author: Guillaume Boisseau1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

This poster presents the recent development and preliminary results of a compact laser refractometer
based on a dual Fabry-Perot scheme at 1550 nm for dynamic infrasound pressure measurements. The
measurement of the beat frequency between two lasers slaved to two Fabry-Perot cavities allows to
follow the variation of the refractive index of the air, and thus to estimate the pressure inside the
measuring cavity. Associated with a dynamic infrasound pressure generator developed at CEA, the
generated pressure variation, controlled and repeatable, is directly printed on the measured beat
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frequency and compared to infrasound sensors. The main objective of this work is to demonstrate
the capabilities of a compact laser refractometer whose simple and unique design has been adapted
from static absolute pressure measurements to dynamic infrasound pressure measurements. The
resulting sensor has demonstrated its ability to measure dynamic pressure over the entire infrasound
frequency band, with excellent performance. Further studies on the specific shape of the frequency
response are underway to evaluate the discrepancy between the measurements and the model, and
to assess its uncertainty budget.

P3.1-788 – Observations of Natural and Induced Seismic Events and Monitor-
ing of the Nuclear Underground Depository Using Slim Borehole Adapted SIA
Sensors

Author: Leonid Zimakov1

Co-authors: Abraham Hofstetter2; Brad Avenson3; Carolin Boese4; Felix Blumle1; Kevin Passmore1; Peter Eric
Malin1

1Advanced Seismic Instrumentation and Research LLC (ASIR)
2Independent Researcher
3Silicon Audio Inc
4GGFZ, Potsdam, Germany

Over the past five years ASIR has adapted silicon audio (SiA) interferometer based sensors in our
borehole broadband seismometer, model ASIR ABB, for making seismic observations in ~100 to 1000
m deep slim boreholes. The shifts are used to rapidly and accurately control a force-feedback circuit.
The current ~60 mm outer diameter triaxial SiA sonde has been installed in drill hole with inner
diameters as small as 76 mm and tilts with 15d.These sensors have a 3 dB frequency-response band-
width of 120 sec to 1300 Hz, a clip level of +0.5 g, and a dynamic range of 172 dB. During a rapid,
long tilt event, sensor settles with a 60s long exponential decay. Ranging from a plate boundary
to an underground mine, and a subsidence site, these sensors have returned complete seismograms
for nearby events ranging in size from M < -1.5 to M> 4.5. The SiA sonde’s ~1-10 s seismic event
spectrum is well above background noise. At the plate boundary, the borehole SiA improved event
detection over the local surface net by as much as one unit in magnitude.

ASIR ABBT (with Thermal probe) broadband seismometer is successfully used for micro seismic
monitoring of the nuclear underground depository in Europe.

P3.1-797 – Progress of Science Monitoring And Reliable Telecommunications
Subsea Cables for Observing the Oceans and Earth

Author: Bruce Howe1

1University of Hawaii at Manoa

The Joint Task Force for Science Monitoring And Reliable Telecommunications (SMART) Subsea
Cables is working to integrate environmental sensors (temperature, pressure, seismic acceleration)
into submarine telecommunications cables. This will support climate and ocean observation, sea
level monitoring, observations of Earth structure, tsunami and earthquake early warning and disas-
ter risk reduction. We present an overview of the initiative and a description of ongoing projects,
including: the InSea wet demonstration project off Sicily; the CAM ring system connecting the Por-
tuguese mainland, Azores and Madeira (funded); progress towards installation of a cable connecting
Vanuatu and New Caledonia; cable plans between islands of Indonesia; a planned cable from New
Zealand to the Chatham Islands; a plan for a cable connecting Antarctica to New Zealand, and; a
project to connect Europe and Japan via the northwest passage (Far North Fiber). These SMART
systems are the initial steps to global implementation and will be influential in the final standards
and policies that evolve. In addition to the diverse scientific and societal benefits, the telecommuni-
cations industry mission of societal connectivity will also benefit because environmental awareness
improves both individual cable system integrity and the resilience of the overall global communica-
tions network.
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P3.1-860 – Temperature Dependence of Frequency Response of Short Period
Seismometers

Authors: Nick Ackerley1; Ziad Gias1

1Canadian Hazards Information Service (CHIS), Natural Resources Canada (NRCan)

Short period seismometers were the workhorse of the World-Wide Standardized Seismograph Net-
work built in the 1960s. Because they have very low noise in the band of interest for array seismol-
ogy, they continue to be used in arrays throughout the International Monitoring System (IMS) of
the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO). In an earlier study, we used
single frequency calibrations to validate a model that predicted the temperature sensitivity of the
sensors used at the Yellowknife seismic array (YKA) to be -0.16%/℃. Given that seasonal tempera-
ture swings can exceed 50℃ in a place like Yellowknife, the effect on sensor gain can be significant.
Here we perform broadband calibrations to validate a model of the temperature dependence of the
transfer function of the short period sensor. The model predicts the temperature dependence of the
damping to be -0.14%/℃. We show how the temperature sensitivity of the damping results in a pre-
dictable seasonal dependence of the instrument gain and phase near 1 Hz. We recommend changes
to the nominal response of the sensors in the YKA array, as well as routine broadband calibration
of seismometers to detect similarly subtle effects which might impede the performance of the IMS.

O3.2 Radionuclide technologies and applications

O3.2-218 – Development of a New Technique of 4πβ-γ Detection System to
Perform Primary Methods for the measurement of activity of radionuclide

Author: - Heranudin1

1National Research and Innovation Agency of Indonesia (BRIN)

This study describes a new technique of 4πβ-γ detection system to perform primary methods for the
measurement of activity of radionuclide. Characterization of the detectors, plastic scintillators for β-
detector and a NaI(Tl) detector for γ-detector, has been investigated by using Monte Carlo GEANT4
simulation and experimental measurement. In addition, an optimum configuration of plastic scin-
tillator detector was examined to maximize electron detection probability and minimize photon in-
terference probability at the same time. A hardware configuration of the 4πβ−γ instrument which
utilizes a CAEN N6751 digitizer as the digital acquisition device has been implemented. The digi-
tizer applied pulse shape discriminator procedure to process detector signals and generate binary
list-mode files that represent measurement data of detectors. An offline-analysis technique based
on the Python program for the coincidence counting was written to analyse the list mode data. This
technique effectively applied time settings (such as dead-time and resolving-time), algorithm of co-
incidence counting and its correction, correction of background and decay, activity concentration
calculation, and efficiency extrapolation with weighted linear fit as well. Using this technique, ac-
curate calculations of absolute radioactivity measurement can be performed repeatedly offline since
raw detector signals were first experimentally measured, reducing time and unwanted fluctuations
in the experimental measurement.

O3.2-345 –NextGenerationBeta-GammaCoincidenceDetectorswith Increased
Capability

Authors: James Ely1; Matthew Cooper1; Richard Kouzes1; Todd Hossbach1

1Pacific Northwest National Laboratory (PNNL)
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Beta-gamma coincidence method are used to detect and measure radioxenon isotopes in the field,
greatly reducing the background and increasing sensitivity. Research has been performed to ex-
plore further background reduction using spatial information provided by pixelated, voxelated, or
segmented detectors. This includes segmented and pixelated silicon detectors for the beta or elec-
tron detection and voxelated cadmium-zinc-telluride (CZT) detectors for gamma or X ray detection.
Segmentation or pixelation, in addition to providing spatial information, reduces the detector ca-
pacitance, allowing for lower thresholds at room temperature, providing access to low energy beta,
electron, and X rays. With higher levels of pixelation, such as in a charge coupled device, the spatial
information can provide particle identification, providing discrimination of alphas and muons from
the beta and gamma signals of interest. The potential for increased sensitivity will be presented
along with measurements from prototypical detectors.

O3.2-381 – Impact of Nuclear Detector Technologies on Radioxenon Labora-
tory Operation

Author: Michael Foxe1

Co-authors: Theodore Bowyer1; Ian Cameron1; MatthewCooper1; JamesHayes1; MichaelMayer1; JenniferMendez1;
Rose Perea1; Johnathan Slack1

1Pacific Northwest National Laboratory (PNNL)

Recent efforts have explored the use of high resolution beta detectors for improvedmetastable isomer
discrimination. These detectors have been focused on implementation within the IMS stations for
detection of all four radioxenon isotopes. The duration between collection and measurement is
increased for radioxenon laboratories. Based on the shipping duration and sample type (spike versus
environmental sample), there may only be Xe-133 and Xe-131m present in samples that are sent
from an IMS station. Depending on the isotopes present, there is the potential that the choice of
nuclear detector may be preferential for one type over another. In this presentation, we evaluate
the implementation of plastic scintillator beta cells and silicon beta cells for radionuclide laboratory
operation. As part of this, we evaluate the impact of potential sample activities and isotopic ratios.

P3.2 Radionuclide technologies and applications

P3.2-163 – Automatic Xenon Calibration Generator

Author: Nikita Popov1

1VXD LLC

Xenon spikesmeasurement is a key factor for Xe equipment calibration and a quality assessment/qual-
ity control programme for noble gas cluster. It is very important to have four Xe isotopes at the spike
samples (Xe-131m, Xe-133, Xe-133m, Xe-135). The spikes are produced by contractors organized by
the Comprehensive Nuclear-Test-Ban Treaty Organization. Unfortunately, due to very short half
live of Xe-135 and small amount of Xe-133m in the spikes together with long spike delivery time
and possible customs problems it is impossible to properly perform ROIs calibration for that isotope
on site or even on the manufacturer’s premises. Thus, now for detector calibration only Xe-133 and
Xe-131m are widely used. Miscalculation during Xe efficiency calculations and ratios errors lead
to some difficulties, such as false positive events, false alarms, etc. This poster shows new devel-
opments and first results of Automatic Xenon Generator based on 252Cf. This technique allowed
to obtain xenon activity about 1000Bq, which was used for preparation of calibration sources by
precision dosing method. The spikes are possible to milk at the Vienna International Centre or on
site. The device is portable and has a user friendly interface for operation in automatic or manual
modes. The poster will include all calibration process steps for different Xe equipment based on the
four Xenon method.
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P3.2-220 – Radiation Monitoring of Territories Using Early Warning Systems

Authors: Andrey Vlasenko1; Vladimir Gostilo1; Vasily Litvinsky1; Igors Krainukovs1

1Baltic Scientific Instruments

Radiation early warning systems (REWS), which continuously transmit information about the level
of radiation background, volumetric activity of radionuclides, meteorological conditions and other
measured parameters to the central control post, can significantly reduce the risks of radiation
threats to the population in controlled areas. The structure and composition of the existing REWS
in European countries is analysed, the main principles for designing modern REWS are summarized
and formulated.
The results of the development of advanced alpha, beta and gamma radiation monitors for detecting
radioactive contamination in the atmosphere and determining their activity are presented. Reg-
istration of gamma radiation in monitors is carried out either by a SrI2(Eu) scintillation detector
(Ø1.5”x1.5”, ΔE≤3% on E= 662 keV) or an HPGe detector (30%) with Stirling cooler (ΔE≤2.0 keV on
E=1332 keV), interchangeable without any monitors structural changes.
To determine the concentration of alpha and beta radionuclides, the monitors use two independent
spectrometric silicon detectors having an area of 600 mm^2 (ΔE≤25 keV on E=5.5 MeV). The second
spectrometric channel is used for real time compensation of background gamma radiation in the
beta energy range. The development results of big REWS based on alpha, beta and gamma advanced
monitors (including for iodine and water) are presented.

P3.2-233 – Study of Silver Exchanged Zeolite Stability for Noble Gas Processes

Authors: Alain Tuel1; Bruno Siberchicot2; Célian Courtney2; David Farrusseng1; Gabriel Couchaux2; Sylvain
Topin2

1CNRS/IRCELyon
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

Noble gas processes are based on the use of adsorbent materials. Among them, silver-exchanged
zeolites are the most efficient for Xe extraction. Before the use of a material in processes, it is crucial
to ensure its performance, especially when use in systems operating 24/7. Ag-ZSM-5 (one of the
studied exchanged zeolite) is an efficient candidate to enrich Xe, but long term stability seems to
remain a topic.

In our study, we assay to elucidate the relation between the structure of thematerial (Ag-ZSM-5 from
different suppliers and synthesis) and the property (xenon uptake and deactivation). In our study,
we investigated structure parameters that influence the properties that were already referenced in
the literature. We expect the identification of the ideal structure will enable determination of the
best adsorbent to use in a process.

P3.2-268 – RASA 2.0: A Next Generation Aerosol Sampler/Analyser

Authors: Harry Miley1; Jonathan Burnett1; Lance Lidey1; Paul Eslinger1

1Pacific Northwest National Laboratory (PNNL)

Lessons learned from 20 years of operation of the International Monitoring System for aerosol sam-
pler/analysers have pointed the way to a new generation of aerosol monitoring equipment. Using
new technology and following the sampling/analysis scheme developed for next generation xenon
systems, new aerosol equipment will be more resilient in power failures, will give much better lo-
cation in analysis, and perform better for very low signal levels and very high signal levels. Elec-
trostatic collection uses less power per cubic meter sampled, and electrostatic collection efficiency
could be reduced remotely for extremely high signal levels. A pair of gamma radiation detectors
will deliver the required minimum detectable concentrations, but in shorter sample times (e.g. 8 h
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vs 24h), and a new method for packaging samples could give better field to laboratory agreement.
Progress on new technology will be presented.

P3.2-360 –Development andValidation ofCoincidenceAnalysis/Quantification
Software for Gamma-Gamma Coincidence Counting

Author: Manish Sharma1

Co-author: Jonathan Burnett1

1Pacific Northwest National Laboratory (PNNL)

Gamma-gamma coincidence techniques are known to improve the detection of particulate radionu-
clides relevant for Treaty monitoring purposes. To that end, Pacific Northwest National Laboratory
(PNNL, USA) has developed a novel γ-γ coincidence analysis and radionuclide quantification soft-
ware package. The software’s execution has been tested for radionuclides relevant to Comprehensive
Nuclear-Test-Ban Treaty and other radionuclides with complex decay schemes. This presentation
discusses software’s details, challenges encountered in its development, and its experimental val-
idation. The validation was performed by experimentally measuring 15 radionuclides (including
Ba-140, La-140, and Y-88) using the Advanced Radionuclide Gamma-spectrometer (ARGO) located
in the Shallow Underground Laboratory (SUL) at PNNL.

P3.2-371 – Identifying the Most Sensitive Beta-Gamma Coincidence Detector
System for Radioxenon Measurements at the Comprehensive Nuclear-Test-
Ban Treaty Organization’s Radionuclide Laboratories

Author: Matthew Goodwin1

Co-authors: Ashley Davies2; Patrick Regan3; Richard Britton2; Steven James Bell4; Taylor Gill5

1Atomic Weapons Establishment (AWE) Aldermaston
2CTBTO Preparatory Commission
3University of Surrey
4National Physical Laboratory
5Atomic Weapons Establishment (AWE)

GBL15, the UK’s noble gas certified Comprehensive Nuclear-Test-Ban Treaty Organization’s ra-
dionuclide laboratory, supports the International Monitoring System (IMS) through the measure-
ment of environmental radioxenon samples using beta-gamma coincidence spectrometry. GBL15
currently utilizes a system comprised of NaI(Tl) photon detectors and plastic scintillator electron-
detectors in a SAUNA system to measure coincident emissions from four radioxenon isotopes of
interest: Xe-133, Xe-135, Xe-131m and Xe-133m. A high-resolution electron-photon coincidence
detector system comprising of high purity germanium (HPGe) detectors and a PIPSBox detector
demonstrates improved discrimination between signals and less interference compared to the cur-
rent system, although with a lower detection efficiency. Here we present the case for a HPGe-plastic
beta-gamma coincidence detector system, which can demonstrate improved selectivity, but with
greater detection efficiency. The minimum detectable activities for the radioxenon isotopes of inter-
est have been quantified with various levels of interference.

P3.2-382 – Development of a Modernized Radionuclide Laboratory System to
Support the new Generation of International Monitoring Systems

Author: Michael Foxe1

Co-authors: Ian Cameron1; Thomas Hallen1; James Hayes1; Lance Lidey1; Michael Mayer1; Jennifer Mendez1; Rose
Perea1; Johnathan Slack1
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1Pacific Northwest National Laboratory (PNNL)

As the new generation of International Monitoring Systems (IMS) stations radioxenon are being de-
ployed, the radionuclide laboratories are seeing an increase in samples sent for reanalysis. These
samples include both radioxenon spikes and environmental backgrounds. Additionally, the sample
volumes have increased with the new systems to further improve theminimum detectable concentra-
tions. We have developed an upgraded radioxenon laboratory system that is capable of automatically
processing four samples from a new generation IMS stations in series. The system leverages tech-
nologies implemented within the new generation of IMS stations to allow for better state of health
tracking and automated measurement without the need for liquid nitrogen for the gas processing. In
this presentation, we outline the design of the modernized U.S. radionuclide laboratory system and
detail the improved capabilities for sample measurement. Additionally, we highlight the potential
for increased sample verification with the updated processing and measurement system.

P3.2-392 – Silicon Beta Cell Performance Improvements Using Silicon Photo-
multiplier Well Detectors for Beta-Gamma Radioxenon Systems

Author: Johnathan Slack1

Co-authors: James Hayes1; Michael Foxe1; Michael Mayer1

1Pacific Northwest National Laboratory (PNNL)

Prior efforts in developing a silicon beta cell as a potential improvement to scintillating plastic in
beta-gamma systems resulted in a design with high resolution, capable of resolving different conver-
sion electron energies in the metastable radioxenons, but a higher threshold that cut off low energy
X rays. Switching from a photomultiplier tube based NaI well detector to a low-voltage silicon pho-
tomultiplier (SiPM) based detector resulted in a significant improvement to the energy threshold
from nearly 45 keV to below 30 keV. When combined with changes to the high voltage bias supply,
energy thresholds on the beta cell have been reduced to below 22 keV. The SiPM well detector also
drastically improved run-to-run reliability by eliminating noise dependence on beta cell positioning.

P3.2-463 – SEL63 – A xenon SAUNA lab System for Measurements of a High
Diversity of Samples

Author: Catharina Söderström1

Co-authors: Mattias Aldener1; Tomas Fritioff1

1Swedish Defence Research Agency (FOI)

A SAUNA xenon lab system is operated at the Swedish xenon laboratory. The system has been run-
ning since 2009 and is used for a large variety of samples, ranging from subsoil samples with stable
xenon volumes as low as 0.1 ml up to samples from the SPALAX-NG systems with a xenon volume
of up to 6 ml. The high dynamic range of sample sizes puts special demands on the performance
stability and calibration of the system. A good characterization of the system for all parts of the pro-
cess is important to be able to minimize measurement uncertainties. This includes determination
of the transfer losses during the sample process, GC-calibration for a wide range of xenon volumes
and detector calibration for different sample sizes. Today the system is used for multiple purposes
including participation in proficiency test exercises, measurement of samples from field exercises,
re-measurement of samples from the Swedish xenon IMS-system and measurement of samples dur-
ing development of new systems. The system and its calibrations together with results from some
of these measurements will be presented.

P3.2-512 – A new Prototype Detection System Based on the Beta-Gamma Co-
incidence Technique for Radioxenon Measurement.

Author: Sepideh Alsadat Azimi1
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Co-authors: Hossein Afarideh1; Lucie Fiserova2

1Amirkabir University of Technology
2NUVIA a.s.

In this study, we develop a new radioxenon detection system based on beta-gamma coincidence to
improve the sensitivity of detection in laboratory analysis. The designed system is a new prototype
that is tested by injecting the 222Rn and its daughters (214Pb and 214Bi) as a beta–gamma emitter
and also Xe-131m gaseous sources, which are in the interest of CTBTO. Further, the system is cali-
brated and checked using a Ho-166m source. This system consists of a NaI (Tl) as a gamma, X ray
radiation detector, and a Silicon detector for the beta or the conversion electron detection. Silicon
is used for improving energy resolution and minimizing the potential for memory effect compared
to the scintillator detector. The list-mode multi-parameter data acquisition system is used to set up
coincidence parameters. The efficiency of two detectors and MDA are obtained.

P3.2-537 – Development of a Continuous Field Xenon Detection System

Author: Christine Johnson1

Co-authors: Franco Spadoni1; Jacob Inman1; James Knox1; Justin Lowrey1; Michael Mayer1; Rose Perea1

1Pacific Northwest National Laboratory (PNNL)

Field studies of underground gas migration are an essential component of ongoing research to bet-
ter understand how radioactive materials produced from underground nuclear explosions transport
through and escape from the subsurface. Considerable research has been made in the past on under-
standing long term gas migration behavior driven by natural processes at field sites, but in recent
years a greater focus has been placed on studying material transport driven by explosive events
in early time. Scientists at Pacific Northwest National Laboratory are planning one such field ex-
periment, which will utilize an injected radioactive xenon tracer driven by pressurized air in the
subsurface to map out early time tracer arrivals at various sampling locations. As a critical com-
ponent in this planned experiment, PNNL has developed a simple but robust xenon quantification
system that allows for real time gas monitoring in the field as well as rapid switching between vari-
ous sampling intervals. Here, the system concept is summarized, and evaluation is made of expected
xenon detection sensitivities with respect to operational variables like sampling time, sample rate
(i.e. gas pressure), temperature and radon background.

P3.2-599 – Advanced Spectroscopy in Support of Nuclear Explosion Monitor-
ing

Authors: Ayrton Jenkins1; Matthew Goodwin2

1Atomic Weapons Establishment (AWE)
2Atomic Weapons Establishment (AWE) Aldermaston

The radionuclide network of the International Monitoring System (IMS), operated by the Compre-
hensive Nuclear-Test-Ban Treaty (CTBT) Organization, is comprised of particulate and noble gas
analysis. A variety of spectroscopic techniques have been developed and are in use to identify ra-
dionuclides which may be indicative of a nuclear explosion. Ongoing efforts to increase the sen-
sitivity of measurements and reduce detection limits have seen the development of more advanced
techniques. These include gamma-gamma coincidence spectroscopy tomeasure low level particulate
samples and high resolution beta-gamma coincidence spectroscopy for radioxenon measurements.
This poster will present a review of the latest published information on spectroscopic techniques in
use and being developed in support of nuclear explosion monitoring.

P3.2-662 – Next Generation Particulate Monitoring

Author: Richard Britton1
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Co-author: Ashley Davies1

1CTBTO Preparatory Commission

Operated by the Comprehensive Nuclear-Test-Ban Treaty Organization, the International Monitor-
ing System is used by almost 200 nations to monitor for nuclear weapons tests. After more than
20 years, the network is mostly complete, however the technology utilized for the particulate mon-
itoring component remains practically the same, despite a number of laboratories developing co-
incidence systems that can offer orders of magnitude improvements in detection sensitivity and
reliability. Here we describe the status of the technology, and the advantages of implementing this
within the International Monitoring System. Furthermore, the performance of a prototype system
developed by the Comprehensive Nuclear-Test-Ban Treaty Organization is presented.

P3.2-746 – Advanced Electrostatic Precipitator (ESP) for Radionuclide Particle
Collection as Part of Integration into RASA 2.0

Author: Michael E. Swanwick1

Co-authors: Clive L. Devoy1; Jessica M. Elliott1; Katharine E. Fergusson1; Patrick J. Magari1; Sheldon D. Stokes1

1Creare LLC

Creare has designed, built, and tested an electrostatic precipitator (ESP) collection system for in-
tegration into the next generation of monitoring stations, RASA 2.0. The new system design has
several significant improvements including advanced detectors, increased particle collection effi-
ciency, lower power consumption, and potentially shorter collection times. Our advanced two stage
ESP collects atmospheric aerosol particles on a flexible media. The particle-laden material can be
folded compactly and presented to a coincidence detector system unlike the impact filter material
used on the current RASA system. View factor modeling showed a large improvement moving from
a wraparound detector system to a sandwich coincidence detector system which can enable large
reductions in sampling intervals. Our ESP system has previously demonstrated over two times the
standard flow rate of the current RASA system at significantly low power consumption. At the
nominal flow rate of the RASA system, our system consumes about an order of magnitude lower
power while meeting CTBT requirements for collection efficiencies. We have demonstrated reliable
material handling in a full-scale lab-based prototype, with up to one years’ worth of material loaded
on the system. Our system also demonstrated on-the-fly changes of collection efficiency and flow
rate.

P3.2-764 – Lowering the High Purity Germanium Background Measurement
at the Italian ENEA Noble Gas Laboratory

Author: Stefano Salvi1

Co-authors: Flavio Cicconi; Antonietta Rizzo1; Chiara Telloli; Hassan Mubashir

1Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA)

The ability to evaluate the concentrations of radioactive noble gases in the atmosphere is very im-
portant because it represents a powerful early warning tool in the event of a nuclear accident. Since
there are currently no laboratories capable of carrying out this type of assessment in our country, a
specific system has been set up for sampling, concentration, separation and analysis of radioxenon
in atmospheric samples with the aim of acquiring skills and abilities that could be transferred to the
authorities responsible for radiometric surveillance. It will also allow us to assist control activities
and alarm the population in case of a nuclear accident. In order to correctly evaluate an anomalous
detection of radioxenon, it is it is essential to know the value and the trend of the environmental
background in the area of interest. Due to low concentrations, our efforts have been directed mostly
at the reduction of theMDAof ourmeasurement system, trying to improve the sensitivity and reduce
the background noise. The methods used and the precautions applied to obtain ever more accurate
measurements will be explained. Future plans for improvements will be also presented.
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P3.2-779 – Comparison of Xe-127 Measurements

Author: Troy Robinson1

Co-authors: Matthew Goodwin2; Matthew Watrous1

1Idaho National Laboratory
2Atomic Weapons Establishment (AWE) Aldermaston

Recent reports have shown that unusual xenon radionuclides can show up in grown based xenon
detection systems that lead to false hits on all four of the regularly monitored radionuclides (Xe-135,
Xe-133, Xe-133m, Xe-131m). Potential sources of these unusual radionuclides could be high flux neu-
tron sources or spallation neutron sources that are operated in the vicinity of current ground based
collection systems. The development of detection algorithms for these unusual xenon radionuclides
is needed to prevent false positive detections from diverting analyst time and resources away from
potential legitimate radionuclide detections. The Idaho National Laboratory Noble Gas Laboratory
has developed the capability to produce Xe-127. This radionuclide has never been utilized in an
interlaboratory comparison exercise. This work carries out a limited interlaboratory comparison
exercise to demonstrate the potential for introducing Xe-127 and other unusual xenon radionuclides
into future laboratory comparison exercises.

P3.2-781 – SAUNAQb - Performance of theNational RadioxenonArray in Swe-
den

Authors: Lindsay Karlkvist1; Tomas Fritioff1; Klas Elmgren1; Henrik Olsson1; Johan Kastlander1; Mattias Aldener1;
Anders Ringbom1

1Swedish Defence Research Agency (FOI)

The world’s first radioxenon array has successfully been installed in Sweden. The array consists of
five detecting sensors (SAUNA Qb) which have been in operation for about two years. Compared to
other radioxenon systems, the units are less expensive and easier to install and maintain. The cost
of the entire array is similar to one single state of the art system. The individual sensors are less
sensitive than a state of the art radioxenon system, but when combined, the aggregated verification
performance can be high. The measurement units in the array cover a large area, which can lead to
more detections and a potential improvement of source location and categorization. In this work,
we will present results from the installations, operation, maintenance and the lessons learnt so far.

P3.2-803 –XenonCollection andPurification fromair inThreeTypes of Porous
Materials

Authors: Dominique Moyaux1; Christophe Gueibe2

Co-authors: Jos Rutten2; Johan Camps2; Nikolaus Helmut Hermanspahn3; Wouter Schroeyers4; Daria Minta5;
Sonja Schreurs4

1IRE, Institute for radioelements
2Belgian Nuclear Research Center (SCKCEN)
3CTBTO Preparatory Commission
4Hasselt University (UHasselt), CMK, NuTeC, Nuclear Technology – Faculty of Engineering Technology
5Wrocław University of Science and Technology, Department of Process Engineering and Technology of Polymer and

Carbon Materials

Radioxenon monitoring systems are a crucial component of the International Monitoring System
(IMS) for the verification of the Comprehensive nuclear-Test-Ban Treaty. They monitor the atmo-
sphere for potential xenon releases originating from nuclear tests. The efficient collection and purifi-
cation of xenon from air is essential for their detection capability. The first systems in the IMS used
pre-purification techniques to remove moisture and CO2 followed by activated carbon columns to
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collect and further purify Xe. In some new systems, silver-exchanged zeolites have replaced some of
the activated carbon columns due to their much higher Xe adsorption capacity at room temperature.
Recent studies on a new class of porous materials, namely metal-organic frameworks (MOFs), have
demonstrated high Xe selectivity over other gas components although in conditions different than
for IMS applications. In the framework of the EU JA VII programme, the potential use of MOFs for
Xe collection and purification from air for IMS applications was investigated for the first time. This
work has been further expanded over the last two years. The resulting thorough comparison of the
Xe collection and purification ability and the underlying material characteristics of two MOFs, two
silver-exchanged zeolites and a reference activated carbon will be discussed.

P3.2-829 – A Small, Portable Electrostatic Precipitation Based Radio-Aerosol
Monitor

Authors: Dustin Kasparek1; James Ely1; Martin Keillor1; Michael Moore1

Co-authors: Gregory Grabeel1; Jared Johnson1; Thomas Hallen1

1Pacific Northwest National Laboratory (PNNL)

Atmospheric aerosol collection using electrostatic precipitation (ESP) promises power consumption
roughly one order of magnitude lower than filter paper based collection methods. For monitoring
radionuclides in the atmosphere, this translates to an order of magnitude improvement in system
sensitivity for the same power consumed. Conversely, small portable systems are enabled with
lower battery and solar power requirements for extended operation at airflow rates matching filter-
based systems that are challenging to operate in the field for extended periods. PNNL is currently
developing a small, portable ESP-based radio-aerosol monitoring system. This presentation will
cover the system design, projected monitoring capability, and the current status of the system build
and testing.

P3.2-843 – Xenon International Acceptance Testing

Authors: JamesHayes1; AaronOrr2; Andreas Bollhofer3; Kevin Carter2; Mark Panisko1; MatthewCooper1; Michael
Mayer1; Michael Robert Howard2; Paul Eslinger1; Robert Mikulyak2; Roman Krais3; Ryan Sayne2; Sofia Brander3;
Tricia Gomulinski2; Warren Harper1

1Pacific Northwest National Laboratory (PNNL)
2Teledyne Brown Engineering, Inc
3Federal Office for Radiation Protection (BFS)

Xenon International is a next generation radioxenonmonitoring system that was developed at PNNL
and being manufactured at Teledyne Brown Engineering (TBE) to strengthen nuclear test monitor-
ing and has recently completed Provisional Technical Secretariat (PTS) testing and was accepted as a
qualified system for the International Monitoring System (IMS). Xenon International processes sam-
ples every six hours generating over 2.5 cc of xenon gas that is counted in a beta-gamma coincidence
detector for 12 hours resulting in unprecedented detection limits for radioxenon isotopes. Phase 1
testing was conducted at TBE and Phase 2 was conducted at Schauinsland Germany at RN33 radionu-
clide station. Xenon International completed acceptance testing with >96.93% uptime, and routinely
detected never-before seen radioxenon isotopes in an IMS station including Xe-125, Xe-127, and Xe-
129m during Phase 1 of testing. This talk will discuss Xenon International performance during PTS
testing and will discuss expected and unexpected radioxenon isotope detections.

P3.2-877 – Obtaining Enriched Argon from an Air Mixture by Pressure Swing
Adsorption Method

Author: Roman Alexandrov1

Co-authors: Dobrynya Timofeev1; Maksim Orlov1; Damir Ergashev; Yuri Arapov; Oleg Tkachev
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1All-Russia Research Institute of Automatics named after N.L. Dukhov (VNIIA)

This work presents the results of the development and experimental investigations of the sampling
unit of the automated system formonitoring the Ar-37 content in the soil and the surface atmosphere.
The adsorption and separation characteristics of materials for air separation and argon extraction
from an air sample by the volumetric method have been studied. CaA (5A), PSA/VPSA (13XHP)
NaX (13X), ZSM-5, and Ag-ZSM-5 zeolites, as well as coconut charcoal and activated charcoal were
used as materials. Adsorption isotherms of the main air components (Ar, N2, O2) on these sorbents
at room temperature in the pressure range from 0 to 10 bar were obtained. Based on the study, a
two-stage system of pressure swing adsorption was created to obtain enriched argon. The argon
concentration in the enriched flow was measured as a function of the filling, blowing, discharge,
and regeneration times, sorbent types, and adsorber volumes.

P3.2-884 – Experimental and Numerical Study of Particle Size Manipulation
for the Optimization of Particulate Monitoring Systems

Author: Kobi Kutsher1

Co-authors: Aviv Haimson2; David Katoshevski2; Nitsa Haikin3; Ohad Tsur2; Semion Shendalev2; Shimshon Ler-
man2; Victor Multanen2

1Soreq Nuclear Research Center
2Ben-Gurion University of the Negev
3Negev Nuclear Research Center

Amethodology of particle grouping based on a mathematical model enables to induce manipulation
of the particle size distribution using grouping and coagulation which leads, in turn, to the increase
of filtration efficiency and detection ability of monitoring systems.
This study was conducted as a combined theoretical and experimental one. The current prototype
consists of an inlet of particles (diameter of microns and sub-micron), a wavy tube combining os-
cillations created by a rotating disk at the entrance. The purpose of this setup is to encourage the
aggregation of sub-micron particles into larger particles to increase their filtering efficiency. The
experimental results indicate particle grouping in the system. It is concluded that this concept can
serve as a tool for enhanced filtering efficiency of the grouped particles and thus can lead to increased
efficiency of the particulate monitoring system.

O3.3 On-Site Inspection techniques

O3.3-127 – Method for Estimating the Tripartite Array Back-Azimuth Error
Caused by the Far-Field Approximation

Authors: Yochai Ben-Horin1; Yuri Bregman2

1NDC Israel
2Israel NDC, Soreq Nuclear Research Center

In recent decades, the tripartite micro arrays (i.e. three-element array) became a major tool for the
passive seismic phase of the on-site inspection, mainly due to their superior back azimuth estima-
tion. However, the back azimuth is estimated under the assumption of far field approximation while
tripartite arrays are used to monitor micro-seismicity and aftershocks in the vacancy of the array.
Thus, in the region where the far field assumption might not hold. In this work, we determine the
effect of breaking the far field assumption by analyzing the plane wave errors, i.e. the errors of the
back azimuth and slowness computations caused by the plane wave assumption. Computational
formulas for estimating the absolute errors, due to the plane wave assumption, were developed. A
case study utilizing the subarrays of the IMS station MMAI, demonstrate that the plane wave errors
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are not the theoretical issues only but taking them into account can improve the results of field
measurements.

O3.3-387 – A Comparison of Portioning Samples Under the Comprehensive
Nuclear-Test-Ban Treaty Organization, the Organisation for the Prohibition
of Chemical Weapons and the International Atomic Energy Agency

Author: Brian Milbrath1

Co-authors: Jonathan Forman1; Stephan Vogt2

1Pacific Northwest National Laboratory (PNNL)
2Pacific Northwest National Laboratory (PNLL) - retired

The Comprehensive Nuclear-Test-Ban Treaty language on an Inspected State Party’s right to por-
tions of samples taken during an on-site inspection (OSI) is very similar to sampling language in the
Chemical Weapons Convention (CWC), reflecting an overlap amongst negotiators involved. There
are small differences in the treaties’ wordings, however, and in the case of the CTBT these differ-
ences have made it difficult for State Signatories to reach consensus on how to implement portioning
of samples during an OSI. Meanwhile the CWC has been in force for 25 years, during which time
the OPCW has developed procedures for inspectors to portion samples, though not all aspects of
inspections or portioning have been fully exercised. Likewise, IAEA inspectors take samples during
inspections and, while the concept of portioning may not be as explicit, procedures allow for the ISP
to retain their own relevant samples. We examine how the ISP right to sample portions is practiced
at the OPCW and IAEA and draw insights from their experiences to compare with the approaches
considered at Preparatory Commission meetings.

O3.3-689 – Explosion Anomaly Detection from Thermal Infrared Photogram-
metry

Author: Brandon CrawfordNone

Co-authors: Adam Collins1; Damien Milazzo1; Dane Coats1; Emily Schultz-Fellenz1; Eric Guiltinan1; Erika Swan-
son1; Juan-Antonia Vigil1

1Los Alamos National Laboratory (LANL)

Photogrammetry, a technique to create high resolution orthoimagery and digital elevation models
from a collection of photos, has rapidly evolved since the 1990s. Traditional photogrammetric tech-
niques assist in a wide variety of fields, including facilitating high resolution change detection for
underground explosion monitoring and verification. Typically, this method involves the use of stan-
dard electro-optical imagery using visible band data. By repurposing and enhancing existing pho-
togrammetric techniques and applying those techniques to thermal infrared data collected before
and after a conventional explosive experiment, we developed a novel method for processing ther-
mal images for signature detection. This thermal photogrammetry method provides a new way to
detect post-explosion anomalies and artifacts, quantify extent of site changes, and characterize frag-
mentation materials and distribution from explosions. Additionally, this technique can be applied
to data collected from ground based or airborne platforms, providing a novel tool to characterize
larger sites We present these new methods for thermal data processing, discuss the results of a field
campaign, highlight the successes of the technique, and define next steps for realizing data collection
efficiencies and advancing data processing.

O3.3-863 – Unmanned Aerial Vehicle (UAV) Technology for Nuclear Disarma-
ment: A Responsible Innovation Perspective

Author: Anjan Chamuah1

1NUNV Project Officer: Village Resources Assam, UNDP
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In the current age of technological innovation detecting illicit underground testing of nuclearweapons
is a challenging task. However, remote sensing technology like unmanned aerial vehicles (UAV) is
trying to provide solutions to some unresolved problems in our society and environment. UAV is a
new and emerging technology that has a direct impact on the economy and society. It has a wide
range of applications in many sectors like agriculture, insurance, energy and utilities, infrastructure,
mining, media and entertainment. The technology is capable of capturing microscopic information
with minute details and accuracy. UAVs can collect remote sensing data unhindered in adverse
weather conditions even under clouds. UAVs can thus be used as surveillance technology in places
where there is a threat of nuclear armament. The deployment of the technology also requires retain-
ing values like accuracy, accountability, and efficiency. In innovations literature, the responsible
innovation approach enables us to look into the question of accountability. Responsible innovation
thus becomes significant as a theoretical framework. The study would address as research ques-
tions: How far technology like UAV can fulfill the objectives of CTBT? How can the framework of
responsible innovation help in studying the issue of illicit nuclear testing?

P3.3 On-Site Inspection techniques

P3.3-086 – Behind the Scenes of Handheld Hybrid Neutron-Gamma Imaging
System: A Bespoke Readout Circuit.

Author: Hajir Al Hamrashdi1

Co-authors: David Cheneler2; Stephen Monk2

1Sultan Qaboos University
2Lancaster University

This paper showcases the work done on the designing and the making of a bespoke readout circuit
that reads and produces the measurements of a unique imaging system used to assay nuclear mate-
rials and hidden neutron and gamma emitting radionuclides. The system in itself uses neutron and
Compton scattering simultaneously within three layers of detectors all baked with an 8x8 silicon
photomultiplier (SiPM) array. Each pixel in the SiPM is read individually which gives a total num-
ber of 192 channels that requires a dedicated circuit to read and produce a meaningful signal. The
work on the readout circuit has successfully produced an imaging system that offers a fast scan time
of 60 seconds and a data processing time of less than 60 seconds. The device has been tested with 300
kBq Cs-137 gamma sources and a 1 MBq Cf-252 neutron sources in close proximity. Experiments
conducted in the Faculty of Science and Technology at Lancaster University (UK) indicated that the
system can detect and localize both gamma rays and neutron sources with intrinsic efficiencies in
the order of 10E−4. Further upgrading of the readout circuit is carried out as a joint research with
the Physics Department at Sultan Qaboos University.

P3.3-089 – Ground Penetrating Radar Robot Solution to On-site Inspection

Authors: Qisong Jia1; Dong He1; Hui Zhang2; Yuemeng Yin3; Xinghua Shi3

Co-authors: Jing Yang4; Peng Li5

1Sichuan Central Inspection Technology Inc.
2Beijing Institute of Radio Measurement
3China Research Institute of Radio Wave Propagation
4HOPE Investment Development Co. Ltd.
5China Arms Control and Disarmament Association
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Based on the lessons learned during On-site Inspection (OSI) workshops; training courses and exer-
cises, especially the Integrated Field Exercises (IFE); remotely controlled ground platform based geo-
physics detection systems, due to the practical application to hazard challenging conditions, would
have their significance both for future real OSI activities and training courses of current stage. This
work has put forward a remotely controlled ground penetrating radar (GPR) robot based on a com-
mercial off the shelf GPR system demonstrated during SnT20021. The remotely controlled platform
applies integrated-inertial /GNSS/high-precision-RTK positioning and navigation, so as to locate the
position of GPR in real time. At the same time, advanced motion control algorithms have been de-
veloped to achieve the automatic movement of the platform once the scope and spacing of detection
have been input into the control system. Meanwhile, the 2-D and 3-D GPR data acquisition could
be achieved and integrated with the RTK positioning data. 2-D, 3-D and horizontal scanning data
displaying mode could increase the target recognition accuracy and reduce the false alarm and tar-
get missing rate. This system has been tested and verified in the field and can be suitable for the
development of concepts of operations during future IFEs and OSI training courses.

P3.3-141 – Mathematical and Numerical Modeling of the Transient Electro-
Magnetic Method

Author: Abdelhalim Zaoui1

Co-author: Fatima Kharroubi2

1École Nationale Supérieure de Technologie (ENST)
2University of Bedjaia

The Transient ElectroMagnetic Method (TEM) technique is one of the geophysical techniques used
in on-site inspection. This work focuses on the mathematical and numerical modeling of this tech-
nique.
The numerical simulation made it possible to predict the response of the sensor. With the treatment
of several underground configurations, the expert can acquire a good experience of interpretation,
which is very difficult in the case of a real situation.
This work consists in modeling the TEM.The system consists of a single dual-function sensor (trans-
mission and reception). The method consists in supplying a conductive loop with direct electric
current. Once the current is established, a sudden cancellation of this current is performed. The
induced currents are injected by induction into the stratified underground medium. The voltage
produced by the induced currents provides information on this environment. To model this system,
we used the finite element method. A characterization of the stratified media was carried out by
measuring the response of the sensor after the cancellation of the current pulse, then an inversion
model using an optimization method based on genetic algorithms is presented.

P3.3-144 – Investigation of Nuclear Test Sites by Satellite Imagery

Author: Enton Bedini1

1Freelance

Satellite imagery is a powerful tool to monitor compliance of States Parties with the Comprehensive
Nuclear-Test Ban Treaty (CTBT). Satellite imagery can be used by the States Parties as one of the
national technical means of CTBT verification. Moderate to high spatial resolution satellite imagery
is useful to investigate areas where a nuclear test may have taken place, as primary indicated by
the data of the seismic network. In this study, recent Sentinel-2 data and historic Landsat images
of a number of sites of underground nuclear tests that have been carried out by USA, ex-USSR,
France, China, India, Pakistan, and People’s Republic of Korea are analysed. Themultivariate change
detection algorithm, imagery animation and other visualization techniques were used to analyse the
data. The moderate spatial resolution imagery can accurately detect areas of surface disturbance
due to the nuclear tests, especially for tests carried out in desert regions. However, low yield tests
may not produce surface expression detectable by the satellite imagery. In these cases, high spatial
resolution imagery is useful to monitor activities that may be related to a nuclear testing event.
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P3.3-214 – Review of the On-Site Inspection Equipment List and Recommen-
dations for Possible Upgrades

Author: Umar Afegbua Kadiri1

1Centre for Geodesy and Geodynamics, National Space Research and Development Agency, Ministry of Science and
Technology

The on-site inspection (OSI) is the final component of the Comprehensive Nuclear-Test-Ban-Treaty
(CTBT) verification regime that will help determine whether a nuclear explosion occurred; facts
may also be gathered to determine who was responsible for the Treaty violation. The techniques
include ground based, airborne, and laboratory elements. Because technologies involving some of
the methods addressed in CTBT/PTS/INF.1573, which includes all OSI techniques identified under
Part II of the Protocol to the CTBT, except drilling, have evolved over time, the goal of this work
is to assist the Provisional Technical Secretariat in its efforts to refine the permitted equipment for
OSI in order to quickly adjust the identified items on the list that have become obsolete. The re-
view was conducted using all available documents, including the Treaty, the draft OSI Operational
Manual, online discussions with field experts, OSI Workshops, etc.. As a result, some geophysical
techniques such as, electrical conductivity measurements, passive and active seismic surveys and
over-flight, have been reviewed and recommendations made. It is hoped that this effort will benefit
the Provisional Technical Secretariat and OSI’s activities for effective verification.

P3.3-224 – Commercial Satellite Imagery Based Information Integration Sys-
tem Solution to On-Site Inspection Training Courses and Exercises

Author: Yuwei Wang1

Co-authors: Peng Li2; Zhaoyu Guo1; Wenbo Su1; Meijuan Liu3; Yixuan Cao3; Lei Sheng4; Jing Yang3

1China Siwei Surveying and Mapping Technology Co. Ltd.
2China Arms Control and Disarmament Association
3HOPE Investment Development Co. Ltd.
4Institute of Space Integrated Ground Network

With the development of commercial space technology, remote sensing for instance has been widely
used in daily life. The availability of remote sensing images as commercially off the shelf products
makes it possible for on-site inspection (OSI) application, especially for training courses and ex-
ercises. This work would carry out a commercial satellite imagery based information integration
system solution to OSI. It would provide for OSI training courses and exercises customized product
solution. According to the requirement of OSI inspection area, open source commercial satellite
images would be acquired and processed consequently. Based on the image and DEM data, an
integrated information system would be setup to provide high resolution real circumstances and
three-dimensional modeling simulation of the inspection area. Based on the integrated information
system, most of the IT functionalities such as mission planning and decision making, route optimiza-
tion, data fusion and visualization, managed access arrangement, over-flight planning, BoO andH&S
arrangement, and etc.can be supported. With communication equipment assistance, services of the
integrated information system can be shared by individual inspectors in the field in real time. The
working team is looking forward to providing a test trial at the future IFE2025.

P3.3-257 –Magnetic FieldMeasurementApplications in theContext of On-Site
Inspection

Author: Ahmed Lethy1

1National Research Institute of Astronomy and Geophysics (NRIAG)

The objective of this paper is to demonstrate the use of the magnetic method in the on-site inspec-
tion (OSI) regime and try to find the best magnetometer for OSI applications. It will be used mainly
to locate underground infrastructure. Theoretical and practical applications are used to give insight
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to the qualitative and quantitative information obtained from magnetic measurements. Also, the
advantages and limitations of the different types of magnetometers will be shown by presenting
a comparison between different magnetometers that are based on different working principles in
terms of the application and the survey results. Addressing general limitations such as the effect
of object shape and orientation and some interpretation challenges such as the interpretation of
merged anomalies. Survey technique privileges, such as gradient and vertical component gradient
using the proton magnetometer versus fluxgate magnetometer which is a vector magnetometer are
presented along with the measurement using overhauser, Cesium and Potassium magnetometers.
Several survey configurations are also discussed such as total, gradient, backpack, and towed config-
urations. Practical limitations, such as survey speed, maximum observed intensity, physical effort,
and processing time are addressed. The method’s capability to resolve buried targets with various
amount of magnetic materials and depth are presented using several case studies over buried pipes.

P3.3-294 – Identification of Fault Zone in Bali Using Ggmplus Gravity and
ALOS-2 PALSAR-2 Data

Author: I Putu Dedy Pratama1

Co-authors: Abd. Rahman As-Syakur2; Takahiro Osawa3

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)
2Center for Remote Sensing and Ocean Sciences (CReSOS) Udayana University
3Center for Research and Application of Satellite Remote Sensing (YUCARS) Yamaguchi University, Japan

The local active fault in Bali has a small magnitude (M<5) but has a destructive potential. This
study used gravity data from GGMplus, topographic data from DEMNAS, and lineaments using
ALOS-2 PALSAR-2 data. To identify the fault movement, we interpret the subsurface using the
gravity derivative method. Identification of fault locations using lineament extraction from SAR
data has been done by directional filters. The composite image red-green-blue for HH, HV, and VV
polarization, respectively was used for automatic lineament extraction which was then manually
corrected. The results of the gravity method succeeded in identifying 29 of the 30 faults from the
geological map of the Bali sheet and new fault from PALSAR-2. Bali has 12 thrust faults, 11 strikeslip
faults and six normal faults. The image of PALSAR-2 has succeeded in making a fault lineament
map for the Bali region. The lineament extraction results from PALSAR-2 obtained four new faults
(Pesanggaran, Sepang, Tegal Badeng, and Banyuwedang) while there were four faults that were not
identified (Tampaksiring Fault, Plaga, Mambal, and Munduk-Rajasa). We propose 30 faults in Bali
including 26 faults from geological maps with changes in length and location shift and four new
faults extracted from automatic straightness.

P3.3-308 – Use of Remotely Controlled Platforms for On-Site Inspection Near
Surface Surveys

Author: Luis Gaya Pique1

Co-authors: Aled Rowlands1; MassimoChiappini2; Roberto Carluccio2; Stefano Chiappini2; IacopoNicolosi2; Peter
Labak1

1CTBTO Preparatory Commission
2Istituto Nazionale di Geofisica e Vulcanologia (INGV)

The use of remotely controlled platforms (RCP) during an on-site inspection (OSI) is an open topic,
especially regarding aerial platforms. Such devices did not exist, or at least were not commercially
available, when the Treaty was opened for signature and ratification, and therefore there is an ongo-
ing debate regarding the conduct of inspection activities and health and safety related activities using
instruments carried by a RCP. Our approach is to consider such activities as an expansion of ground
surveys. Conducting a survey using OSI approved equipment deployed on a RCP operating at two
meters ground clearance is no different from a ground survey conducted by an inspector carrying
the same sensor on a pole at the same height. In addition, surveys involving RCP are more efficient
and effective, and represent a sound alternative to walking surveys in case of safety concerns. This
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contribution presents the conclusions drawn from a desk study on the use of RCP for OSI purposes,
as well as the lessons identified during the conduct of OSI-relevant near surface surveys as part of a
recent field campaign in Italy.

P3.3-310 – Use of theMagnetic FieldMapping for On-Site Inspection Purposes:
Lessons from Forward Modeling and Multilevel Field Surveys

Author: Luis Gaya Pique1

Co-authors: Aled Rowlands1; Massimo Chiappini2; Iacopo Nicolosi2; Alessandro Pignatelli2; Peter Labak1; Emilia
Koivisto1

1CTBTO Preparatory Commission
2Istituto Nazionale di Geofisica e Vulcanologia (INGV)

The importance of characterizing the amplitude and spatial variation of the geophysical anomalies
created by on-site inspection (OSI) relevant observables is well known. By understanding such char-
acteristics, it is possible to design the different geophysical surveys and to realistically assess the
capability of a certain OSI technique to detect a potential observable. As part of the Action Plan
2016-2019, the Provisional Technical Secretariat conducted a multi-component project that included
the development of forward models to characterize the magnetic anomalies created by complex ge-
ometric bodies simulating different OSI-relevant observables. The models were generated using the
GamField software package developed by the Italian National Institute for Geophysics and Vulcanol-
ogy (INGV). As a follow up of this project, a series of multilevel surveys (ground, near surface and
airborne) were conducted in 2022 over a relevant area in central Italy. This contribution presents
the results from both the theoretical forward modeling effort as well as from the field surveys, and
the conclusions reached regarding the potential use of the magnetic field mapping in an OSI context.

P3.3-356 – Portable, Modular Gas Sampler/Analysers for On-Site Inspections

Authors: Derek Haas1; Khiloni Shah1

Co-authors: Ethan Fowler1; Ian Sepdham1; John Lyle1; Nathan Anderson1

1The University of Texas at Austin

A gas sampler system has been designed, built, and deployed that may contribute to the near-field de-
tection of underground nuclear explosions. The system is inexpensive, portable, and autonomously
collects samples for subsequent lab analysis. Collection duration and interval parameters can be
adjusted using Wi-Fi or other communications network based on the intended collection site. Ra-
dioactive gas samples can be analysed in- or near-field with 2”x4”x16” NaI(Tl) detectors, or analysed
off-site with a xenon separation and analysis system. To facilitate near-field analysis and improve
detection limits for radioxenon, samples are filtered through charcoal traps which are then counted
on a NaI(Tl) detector. The minimum detectable activity for 127Xe and 133m, 133Xe in charcoal
traps is 4.5 Bq, resulting in a minimum detectable concentration of 150 Bq/m3. Future iterations of
the gas sampler will contain one sample bottle that autonomously filters samples through charcoal
traps for real-time measurements. This design provides the possibility for the gas samplers to aid
in radionuclide measurements in an on-site inspection. Deployment of these samplers is modeled
in a companion presentation titled “Modeling the use of mobile modular gas samplers in near-field
detection using HYSPLIT”.

P3.3-362 – Modeling the Use of Mobile Modular Gas Samplers in Near-Field
Detection Using HYSPLIT

Authors: Emily Gordon1; Pranshu Adhikari1; Derek Haas1

Page 128



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

1The University of Texas at Austin

The Wireless Independent Noble Gas Sampler (WINGS) is a mobile, modular gas sampling system
designed for use in low infrastructure environments. WINGS units operate on battery power and
communicate by radio connection. In the case of a suspected underground nuclear explosion (UNE),
WINGS units could be deployed to detect and identify noble gases emanating from the explosion
site or identify gases entering the local area from offsite. This work uses the atmospheric transport
modeling tool inline WRF-HYSPLIT to determine the ideal deployment configuration for WINGS
units around a local area using a test case with a hypothetical upwind medical isotope production
facility providing a nuisance background. HYSPLIT is a computer model for atmospheric transport
and dispersion. Inline WRF-HYSPLIT integrates data from the WRF-ARW meteorological model,
generating dispersion and deposition models with finer spatial resolution than achievable with an
offline approach. These more accurate models enable determination of sampler network effective-
ness as a function of sampler density, sample collection duration and interval, and distance from the
emission point from a UNE.

P3.3-413 – Implications ofGeothermalReservoirModelling forOn-Site Inspec-
tion Drilling

Author: Valentine Wangari1

Co-author: Emilia Koivisto2

1Dedan Kimathi University of Technology
2CTBTO Preparatory Commission

Results of a geothermal research project aimed to model structural controls of a geothermal reser-
voir located in the Kenyan Rift Valley will be presented. The geothermal reservoir model developed
through several modelling software, using reservoir parameters like rock types, permeability, poros-
ity and pressure distribution obtained during exploration and drilling will be based on a wide range
of geophysical, geological, geochemical and geospatial data. The results of the geothermal project
will be presented, drawing parallels to the planning and execution of a drilling proposal as a part of
an on-site inspection (OSI). Based on the findings of an OSI, the inspection teammay propose drilling.
To ensure the reaching of the drilling targets in a time-sensitive manner, and with safe drilling oper-
ations, the drilling plan is expected to be based on extensive surface and subsurface data acquisition
and interpretation. Based on the presented geothermal reservoir modelling approach, recommen-
dations will be made for what should be taken into account in the preparation of the OSI drilling
proposal.

P3.3-425 – Field Test of On-Site Inspection Geophysical Techniques for deep
Applications in a Mountainous Environment

Author: Emilia Koivisto1

Co-authors: Luis Gaya Pique1; Aled Rowlands1; Jonetta Ng1; Samuel Toon1; Peter Labak1

1CTBTO Preparatory Commission

A Field Test of on-site inspection (OSI) geophysical techniques for deep applications was conducted
by the Provisional Technical Secretariat in September 2022 in the Austrian Ybbstaler Alps, with the
support of external experts. The scope of the Field Test was to assess the current OSI geophysical
imaging capabilities for deep applications in an integrated manner in a mountainous environment
with a number of deep geophysical observables of OSI interest. This was the first OSI field test
in a mountainous environment and therefore a number of operational, logistical and technical chal-
lenges had to be addressed. The implemented OSI geophysical techniques – permitted by paragraphs
69(f) and 69(g) of Part II of the Protocol to the Comprehensive Nuclear-Test-Ban Treaty – included
resonance seismometry, active seismic, magnetic and gravitational field mapping, as well as electri-
cal conductivity surveys along three 2-D profiles over a cave system at 40-350 m depth. During the
Field Test full OSI data workflow for geophysical techniques was tested using current functionalities
within the Geospatial Information Management system for OSI (GIMO). This presentation describes
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the technical planning, execution as well as data processing and interpretation results of the Field
Test, with future recommendations for similar, challenging mountainous environments.

P3.3-428 – Data Transmission System for On-Site Inspection

Author: Remi Colbalchini1

Co-authors: Aled Rowlands1; Emilia Koivisto1; Peter Labak1; Robin Riedmann1

1CTBTO Preparatory Commission

In preparation of the next Integrated Field Exercise, and in line with the capabilities developed with
past field exercises, action plan project and expertmeetings, the section Equipment and Instrumental-
ization of the On-site Inspection (OSI) Division of the Provisional Technical Secretariat has entered
into a new stage of development of its telemetry solution. In 2022, the existing data transmission
system had been subject to a series of maintenance, upgrade and training that confirmed its poten-
tial use for OSI technique and OSI deployment. It is important to keep in mind the objectives and
the limitations of such a data transmission solution while presenting the extended functionalities,
the operational capabilities and the development perspectives. In 2023, a specific field test will be
organized to validate the configuration and the functionality of the OSI telemetry system.

P3.3-454 – Emanation Rates of Argon-37 in Natural Soils

Author: Roland Purtschert1

Co-author: Stéphanie Musy1

1University of Bern

Knowledge about the natural background of xenon isotopes and Ar-37 in the top few meters of the
soil column is crucial for the assessment of measurement of those isotopes in the course of an on-site
inspection. There are many factors that control the Ar-37 concentration in soil air. Production and
gas transport mechanisms have previously been investigated but less attention was put on the depth
dependency of Ar-37 emanation. Irradiation experiments on natural soil samples have revealed
changes of this important parameter by almost an order of magnitude over a depth range of 5 meters.

P3.3-458 – Natural and Artificial Argon-37/Argon-39 Signatures in the Under-
ground

Author: Roland Purtschert1

Co-author: Stéphanie Musy1

1University of Bern

In the case of an underground nuclear explosion, Ar-37 and Ar-39 are produced in rocks by neutron
activation of Ca and K, respectively. Because of the very different half-lives of Ar-37 and Ar-39, the
Ar-37/Ar-39 ratio in the subsurface is a function of the timing of production (pulsed vs. continuous),
depth-dependent production mechanisms, and the Ca/K ratio of the rocks. The Ar-37/Ar-39 ratio
can be used as an indicator of whether a measured radio-argon signature from the underground
originates from a recent or ancient underground nuclear explosion or is of natural origin. In this
poster, we compare calculated natural Ar-37/Ar-39 production depth profiles with data obtained
from several groundwater studies in different geological settings.

P3.3-466 – Forensic Seismology for On-Site Inspection and Basic Research: The
Concept of Nanoseismic Monitoring
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Author: Manfred Joswig1

Co-authors: Marco Walter1; Rolf Häfner1

1Sonicona GbR

Forensic seismology describes the detection and interpretation of exceptional seismic events, e.g.
during an on-site inspection (OSI), or signals by plane crash, submarine explosion, bomb attacks.
For basic research, forensic seismology means discovery of unknown or unexpected signals, e.g.
precursors of rockslides, deep earthquakes below induced seismicity, or nano-earthquakes of active
faults. In any case, the challenge is in the search for a-priori unknown signal signatures, often in
unknown underground at near-local scale. Nanoseismic monitoring is a unique approach for mea-
suring, detecting and analysing seismic signals. It combines a specific small array layout of seismic
stations and several software tools for detecting and analysing seismic events.
Nanoseismic monitoring works with minimum requirements for field operations, displays continu-
ous data streams, supports processing of weak events close to ambient noise by array analysis, and
allows for interactive, real time modification of underground velocity models. It is perfectly suited
for seismologists operating in a new region of unknown tectonic or induced seismic activity. Nano-
seismic monitoring is the standard approach for the PSM tool of OSI investigations. We will present
the software with its recent update to handle topography for application in mountainous regions.

P3.3-471 – Novel Portable Radioisotope Identification Device for Special Nu-
clear Material Detection and Characterization

Authors: Giacomo Mangiagalli1; Matteo Corbo2

Co-authors: Isacco Bonesso3; Massimo Morichi1

1CAEN SpA
2CAEN (Costruzioni Apparecchiature Elettroniche Nucleari) S.p.A.
3Padua University

This paper presents the features of an innovative portable radioactive isotope identifier for the de-
tection and identification of both gamma and neutron emitting radionuclides, or even multiple ones.
The described portable isotope identifier is suited for the site inspection for its capabilities of de-
tecting and characterizing nuclear or radioactive materials in presence of gamma shielding material,
neutron moderators, masking gamma sources. Its singular features are the capability to identify
sources through the detection of neutrons and discriminating spontaneous fission sources (Cf-252),
α-n sources (Am/Be, Am/Li) and nuclear material containing mix of isotopes of plutonium or ura-
nium. Those features are combined with the capability to make cross correlation between gamma
and neutron measurements to achieve a higher level of accuracy in the identification of SNM that
emits both neutrons and characteristics gammas. This paper presents the results of measurements
performed in real-scenario conditions at gradually increasing levels of difficulty, adding shields, mod-
erators, masking gamma sources and a mix of the above mentioned. The test results are also com-
pared with international standards and the device exceeds the standard performance by triggering
a neutron alarm for Cf-252 source at a five times greater distance than the one required by ANSI
N42.34.

P3.3-563 – Further Improvement and Testing of a Prototype for the Measure-
ment of a Liquid Argon Scintillation

Author: Sergei Pakhomov1

Co-authors: Ekaterina Kurysheva1; Gennadii Shakhetov1; Tatiana Kuzmina1

1Khlopin Radium Institute of the ”Rosatom” State Corp.

One of the most conclusive evidences of a violation of the CTBT is the presence in the subsoil air of
elevated concentrations of Ar-37 radionuclide, which is formed in large quantities in the interaction
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of neutrons with calcium in rocks. Traditionally, to measure the activity of Ar-37, proportional gas
counters are used, which are filled with a counting gas prepared from samples of argon with the
addition of methane. Further reduction of the detection limit of Ar-37 is limited by the difficulty
of a significant increase of argon sample volume placed in a proportional counter. Installation for
the detection of Ar-37 low activities based on the liquid scintillation principle was developed at
the Khlopin Radium Institute under contract with the CTBTO. The role of the scintillator in this
installation is performed by the liquefied preparation of extracted from soil air argon itself. The
use of liquefied argon samples allows one to multiply the volume of the measured samples without
increasing the size of the measuring cell and shield elements, and allows significant reduction of
detection limits of Ar-37. This presentation contains the description of installation improvements
and the results obtained during its testing.

P3.3-634 – Improved Design of the On-Site Inspection Field Laboratory

Authors: Ashley Davies1; Astrid Winkler2; Mohamed Ali Nasri1; Richard Britton1; Robin Riedmann1; Xavier Blan-
chard1

1CTBTO Preparatory Commission
2Austria Research Centers/RN mon.

In 2021 the first layout and design of the next generation on-site inspection (OSI) field laboratory
was presented (Poster 3.2 -691). It highlighted the requirements, the status and future improvements
of the OSI field laboratory for the development of its capability to be rapidly deployed during a
CTBT OSI. Here we present some of the improvements for the OSI field laboratory, notably for
the installation of the joined two-pod laboratory component setup, insulation of the containers and
results of the operation of a SAUNA system inside to process and analyse gas samples for their
xenon content. Furthermore, we present the modular design of the setup of laboratory components,
combining the two-pod setup with tents to streamline the various processing tasks, measurement,
analysis of and reporting on particulate samples, which leads to our first overall design of the new
generation OSI field laboratory proposed for future exercises.

P3.3-778 – A Quantitative Method for Object Comparison on Synthetic Aper-
ture Radar Satellite Images for Ocean Applications

Author: Irina Gancheva1

Co-author: Elisaveta Peneva1

1Sofia University St. Kliment Ohridski

In this study we present a method for comparing objects, identified on images acquired by the syn-
thetic aperture radar (SAR). The method gives a quantitative value for the similarity of different
objects, detected on the sea surface on SAR images. Aim is to track their changes and be able to
identify the most similar pairs. As a case study we detect four rectangle-like objects north of the
Bulgarian city Varna, close to the shoreline. The structures are located on the sea bottom, but are
very close to the sea surface, so they become visible in favorable conditions. The aim is to identify
if they change their shape over time and if they are visible differently on images from ascending
and descending orbit of the satellite Sentinel-1. This is done by calculating the image moments. We
compare the similarity of the objects by calculating the 7 Hu moments or invariants and comparing
them.

P3.3-839 –Algorithm-basedApproach in Support of Satellite ImageryAnalysis
for Countering Nuclear Proliferation: Considerations and Challenges

Author: Jae-Jun Han1

Co-authors: Gayeon Ha1; Minsoo Kim1
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1Korea Institute of Nuclear Nonproliferation and Control (KINAC)

Electro-optical satellite imagery provides analysts with opportunities to monitor suspicious nuclear
activities in the restricted access area. The more remote sensing technology advances, the more
resources available from both spatial and temporal resolution standpoints. Spatially, the area of
interest that needs to be monitored by analysts has been detailed and accordingly increased; nu-
merically, the acquisition of satellite imagery is available on a daily basis. Inevitably, automated
or even semi-automated support for analysts is required in the field of study. This paper presents
characteristics of dealing with small scale objects on high spatial resolution satellite imagery derived
from conventional and cutting edge technology applications for change detection in remote sensing.
On the condition that the purpose of the analysis is to counter nuclear proliferation against outlaw
states, historical records of the algorithm based approaches are reviewed, showing where the out-
come has been attained. Then, the effect of image to image registration, shadow, and side section
due to the angle of attack is discussed, considering the size of the target objects derived from the
feasibility study. The challenges of each factor are addressed with a way forward.

P3.3-850 –Multi-sampleHolders forOn Site Inspection: EfficiencyCalculation
and Experimental set up

Author: Antonietta Rizzo1

Co-authors: Stefano Salvi1; Sergio Lo Meo1; Elisabetta Nava1; Giuseppe Ottaviano1; Fabio Borgognoni1; Chiara
Telloli1

1Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA)

During search logic, the technique of environmental sampling can play a role in narrowing down
the areas of interest and prioritizing the field mission. One methodology to achieve this purpose
is to collect several samples from the same search zone and screen out any anomaly in the gamma
spectra of the samples. To ensure a high throughput screening process it can be useful to gang the
samples collected in the same search zone and to perform a single long measurements. In order to
have a fixed geometry we have fabricated a multi-sample holder, with two separate layers, for the
purpose of analysing simultaneously up to 13 samples with a defined IFE geometry. The geometry
of the system has been simulated by Geant4 code and an experimental set up has been implemented
using spiked samples put in different positions of the holder (upper and lower layers) in order to
characterize this geometry and to compare the efficiency of each positions. Two different scenarios
has been simulated: one with several sample containers and identical content and one with the same
number of containers but with only one with spiked sample.

P3.3-893 – Progress in Geo-based Data Integration in the International Atomic
Energy Agency Department of Safeguards

Authors: Michael Barletta1; Patricia Bustos1; MarkCarey1; Ania Kaminski1; Antero Keskinen1; Nikolai Sumarokov1;
Djamel Tadjer1; Andrew Yeoh1

1International Atomic Energy Agency (IAEA)

The International Atomic Energy Agency Department of Safeguards deployed the Geo-based Data
Integration (GDI) platform for information integration, analysis, and activity planning involving
geospatially-related information used for nuclear safeguards verification. GDI provides interactive,
layered maps in a secure, user-friendly collaborative environment for IAEA inspectors, analysts and
managers to access, utilize and share geospatially-attributable information regarding nuclear facil-
ities, sites and other locations and activities relevant to the implementation of States’ safeguards
agreements. GDI operates in the secure Integrated Safeguards Environment, and access to infor-
mation in GDI is limited and controlled via the Safeguards Authorization Management system. As
the IAEA is an on-site inspection agency that verifies nuclear materials and activities in physical
locations in States in accordance with their safeguards agreements, nearly all safeguards-relevant
information has geospatial attributes. This includes State-declared information; information col-
lected by inspectors and instruments; and open-source information, including commercial satellite
imagery.
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This paper reports progress achieved with GDI since 2018. It describes enhanced functionalities; au-
tomated data integration with the Additional Protocol System; planning and reporting integration
with the Integrated Scheduler and Planner and Safeguards Field Reporting and Evaluation; and ef-
fectiveness and efficiency gains through applications of GDI analytical methodology to facilities and
complex nuclear fuel cycle locations.

P3.4 Integrating data of different monitoring technologies

P3.4-407 –RefiningEvent Parameters inGeotoolUsingNon-InternationalMon-
itoring System Stations

Author: Wolfgang Sommerer1

Co-authors: Alexander Poplavskiy1; Dirk Metz1; Haijun Wang1; Leonid Kolesnykov1

1CTBTO Preparatory Commission

Version 3 of Geotool (aka GeotoolQt) provides a powerful, easy to use interface with data import
facilities for International Monitoring System(IMS) and non-IMS stations. IMS-related information,
including parameters of events and arrivals, as well as waveform data, can be imported directly from
VDMS while non-IMS information can be directly retrieved from FDSN web services, including but
not limited to IRIS andGFZ.We demonstrate these new features based on a use casewhere a reviewed
Event Bulletin (REB) event and its related data is imported from VDMS. Additional waveform data
of non-IMS stations are retrieved from GFZ. The REB event parameters (location, magnitude, gap
etc.) are then refined with the additional arrivals on the non-IMS stations resulting in an improved
event location and reduced error ellipse.

P3.4-488 – Development of Software Simulation Pipeline for High Resolution
Atmospheric Transport Modelling

Author: Donald Morton1

Co-authors: Anne Tipka2; Jolanta Kusmierczyk-Michulec2; Robin Schoemaker2

1Boreal Scientific Computing
2CTBTO Preparatory Commission

The Flexpart Atmospheric Transport Model (ATM) is traditionally driven by ECMWF and GFS me-
teorological model inputs.  Flexpart-WRF is a variant of the standard model that accepts a wide
range of Weather Research and Forecasting model (WRF)-generated meteorological inputs to sup-
port very high resolution simulations over customized domains. The chain of activities needed to
produce custom meteorology files from WRF and make them available to Flexpart-WRF for a suc-
cessful simulation is complex and prone to failure for a number of reasons, and the work described
here is aimed at packaging all of the complexity into an easy-to-use system. Building on the expe-
riences gained from an exploratory prototype system built several years ago, this Enhanced High
Resolution Atmospheric Transport Model (EHRATM) system is being developed in a Python-driven
environment to support simulations ranging from relatively simple and straightforward, to complex
simulations with special requirements. Adopting the philosophy of some other well-known Python
packages, our goal is to “make easy things easy and hard things possible.”  This work is ongoing, and
the presentation will describe a detailed overview of the project and its current status.

P3.4-513 – Synergy Between Comprehensive Nuclear-Test-Ban Treaty Tech-
nologies and National Technical Means

Author: Mariem Agrebi1
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Co-author: Abdelouaheb Agrebi2

1Vienna University
2Former CTBTO Preparatory Commission

The International Monitoring System (IMS) of the Comprehensive Nuclear-Test-Ban Treaty Orga-
nization (CTBTO) is designed to detect nuclear explosions with a minimum yield of one kiloton
of TNT equivalent worldwide. The IMS uses four verification technologies - seismic, Infrasound,
hydroacoustic and radionuclide - in a synergistic manner to enable the detection, location, and iden-
tification of potential nuclear explosions. Each of these technologies has advantages and limitations,
and overcoming these limitations is crucial for the verification regime and for the civil and scientific
applications of IMS data and International Data Centre (IDC) products. This poster will demonstrate
the use ofmulti-technology fusion between the four technologies and other national technicalmeans,
such as satellite imagery, to overcome gaps and limitations through examples of events in Tunisia
(quarries and mines), where infrasound and seismic data is used to distinguish sources in areas with
a low seismic network coverage. Another example is using infrasound and satellite imagery during
Stromboli eruptions, where other forms of synergy will be explained. The poster will highlight how
classic synergy and other forms of synergy between technologies can fill gaps and improve results
by utilizing the strengths of each technology while overcoming its limitations.

P3.4-572 – Expert Technical Analysis Case Study: 2019 National Data Centre
Preparedness Exercise Trigger Event

Author: Stuart Nippress1

Co-authors: Nicolai Johannes Gestermann2; Ulrike Mitterbauer3; Rodolfo Console4; Francesca D’Ajello Caracci-
olo4; David Bowers1

1Atomic Weapons Establishment (AWE) Blacknest
2Federal Institute for Geosciences and Natural Resources (BGR)
3GeoSphere Austria
4Istituto Nazionale di Geofisica e Vulcanologia (INGV)

The trigger for the 2019 National Data Centre Preparedness Exercise (NPE) scenario (a fictitious nu-
clear explosion) was based on a real ML 3.7 shallow tectonic seismic event within an earthquake
swarm in southern Germany, near the city of Constance. The event occurred at 23:17 UTC on the 29
July 2019 (e.g. see International Seismological Centre bulletin) and is not found in the International
Data Centre (IDC) standard products (Reviewed Event Bulletin and Standard Event List 3) or the
Late Event Bulletin, even though eight International Monitoring System (IMS) seismic stations are
within 1500 km of the event and the IDC threshold monitoring detection capability for this period
suggests it should be detected. However, this event was clearly observed at IMS stations in Switzer-
land (DAVOX), Germany (GERES), Czech Republic (VRAC) and the UK (EKA), as well as at numerous
non-IMS stations across Europe. An event was formed by the NET-VISA algorithm and listed in the
IDC NET-VISA database (”vSEL3”). We re-analyse the NPE 2019 trigger event (and selected others
in this swarm of earthquakes) using both IMS and non-IMS stations and demonstrate the potential
important role of auxiliary IMS seismic stations and local seismic networks as part of the expert
technical analysis.

P3.4-573 – The CTBTO International Data Centre – Snapshot 2023

Authors: Mario Villagran-Herrera1; Zeinabou Mindaoudou Souley1; Gerhard Graham1

1CTBTO Preparatory Commission

The International Monitoring System (IMS), the International Data Centre (IDC) and the on-site
inspection (OSI) are the technical elements of the CTBT verification regime (CTBTArt. IV); these are
designed to detect any nuclear explosion anywhere (underground, under water or in the atmosphere)
and to investigate any findings associated with its occurrence. The role of the IDC is to operate the
IMS, receive, collect, analyse, report-on and archive the data; furthermore, to apply on a routine basis,
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automatic and manual data processing in order to produce and archive standard IDC products on
behalf of all States Parties (these are provided to all at no cost) without prejudice to final judgments
with regard to the nature of any event, which shall remain the responsibility of the States Parties.
This poster gives a portrait of the construction of the IDC, obtained by the Provisional Technical
Secretariat since the approval by States Signatories on the restructuring of the IMS and IDCDivisions.

P3.4-725 – InSAR Satellite Data – Application for Earthquake Deformations in
the Balkan Peninsula

Authors: Lyuba Dimova1; Reneta Raykova1; Mila Atanasova-Zlatareva2

1Sofia University ”St. Kliment Ohridski”
2National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences

The use of synthetic aperture radar (SAR) data is a powerful and well established method for re-
mote sensing that enables high resolution measurement of important geophysical parameters such
as surface topography, deformation or subsidence of the surface as a result of various processes
(earthquakes, tectonic activity, movements of glaciers, mining activity, etc.). The present study illus-
trates the InSAR technique applied for recent M6+ earthquakes in the region of south-east Europe
including Greece and Turkey. Data from both Sentinel-1A and -1B is used. This constellation shares
the same orbit plane and include C band imaging operating in four exclusive imaging modes with
different resolution (down to 5 m). As a results interferograms and deformation maps are build using
SNAP and ArcGIS software. For each deformation map a profile plot of the displacement is depicted.
The obtained results can be used in the evaluation of the earthquake deformations supplemented
with geological and geophysical information.

Acknowledgements: This study is conducted within project “Analysis of seismic sources using InSAR
satellite data for the Balkan Peninsula region” funded by the National Scientific Program “Young
Scientists and Postdoc-2”, 2022 byMinistry of Education and Science of Republic of Bulgaria.

O3.5 Analysis of seismic, hydroacoustic and infrasound monitor-
ing data

O3.5-197 –Testing andDesign ofDiscriminants for Local Seismic EventsRecorded
During the Redmond Salt Mine Monitoring Experiment in Utah

Authors: Rigobert Tibi1; Nathan Downey1; Ronald Brogan2

1Sandia National Laboratories (SNL)
2ENSCO, Inc.

The Redmond Salt Mine Monitoring Experiment in Utah was designed to record seismoacoustic data
at distances less than 50 km for algorithm testing and development. During the experiment from
October 2017 to July 2019, six broadband seismic stations were operating at a time, with three of
them having fixed locations for the duration, while the three other stations were moved to different
locations every one-and-half to two-and-half months. Redmond Salt Mine operations consist of
nighttime underground blasting several times per week. Redmond Mine is located within a belt
of active seismicity, allowing for easy comparison of natural and anthropogenic sources. Using the
recorded dataset, we built 1373 events with local magnitude (Ml) of -2.4 and lower to 3.3. For 75 blasts
from the Redmond Salt Mine (RMEs) and 206 tectonic earthquakes (EQs), both Ml and coda duration
magnitude (Mc) are well constrained. To separate the population of RMEs from the group of EQs, we
experimented with several discriminants, including the difference Ml-Mc, Rg/Sg spectral amplitude
ratios, low frequency to high frequency Sg, and Pg/Sg amplitude ratios, and different combinations
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of two or more of these discriminants. The effectiveness of these discriminants at classifying the
events is discussed.

O3.5-256 –Quality Assessment of the Review Event BulletinThrough Compar-
ison with the ISC bulletin for the Month of October 2020

Author: Fekadu Kebede Alamneh1

1Addis Ababa University

An attempt is made to assess the quality of the Review Event Bulletin (REB) by comparing it to the
Bulletin of the International Seismological Centre (ISC Bulletin). To compare, the ISC Bulletin events
as downloaded from the ISC Web page for the month of October 2020 was used. The corresponding
IDC REB events as listed in the ISC Bulletin were considered. During this period, a total of 3431 and
2691 events were considered for ISC and IDC, respectively. The comparison was performed using
the information given for common events in the header lines of the ISC Bulletin fromwhichmatched
events could be extracted. The result showed that a total of 2315 events could be matched between
the two bulletins. The percentage of matched events with location difference (D) < 1o is about 95.3%
while the percentage of events with D ≥ 5o is about 0.3%. There were two events with magnitude
(mb) ≥ 4.0 and D ≥ 5o. The percentage of matched events with intersecting error ellipses is 57.0%. In
general, the results obtained in this study show that there is a slight difference when compared to
the results obtained for similar study made earlier.

O3.5-285 – Enhancing Signal Detection at International Monitoring System
Seismometer Arrays

Author: Neil Selby1

1Atomic Weapons Establishment (AWE) Blacknest

Seismometer arrays form the core of the International Monitoring System (IMS) waveform network,
and enhancing signal detector performance should lead to improvements in the performance of all
subsequent parts of the International Data Centre (IDC) waveform processing pipeline. Recently
a test data set was released by the IDC composed of signal detections made by an implementation
of the generalized F detector (Selby 2008, 2011, 2013) at multiple IMS seismometer arrays. In this
presentation we will cover the following related topics: i) the performance of the generalized F
detector in this test data set in comparison with the existing signal detection algorithm used at the
IDC; ii) if and how to apply f-k analysis to detections made by the generalized F detector, and iii)
outline approaches to the physical characterization of signals observed at IMS arrays to enhance the
performance of the generalized F or other detectors.

O3.5-424 – Current Status of NET-VISA Toward the Operational use for Nu-
clear Explosion Monitoring

Author: Vera Miljanovic Tamarit1

Co-authors: Geeta Arora2; Nimar Arora2; Megan Slinkard1; Noriyuki Kushida1; Ronan Le Bras3; Sherif Ali1

1CTBTO Preparatory Commission
2Bayesian Logic, Inc.
3Former CTBTO Preparatory Commission

The International Data Centre (IDC) of the Comprehensive Nuclear-Test-Ban Treaty Organization
continues to develop the advanced automatic and interactive software NET-VISA, which uses state
of the art machine learning and artificial intelligence techniques to do next generation automatic
seismic event detector, based on Bayesian inference. The automatic seismic event bulletins it creates,
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which are called Standard Event Lists (SEL), are the first IDC products which would indicate the
presence of a suspicious explosive incident; thus, the performance of the automatic event detector is
key for building the capacity of verification regime. In the present study, we will discuss the results
of testing the latest version of NET-VISA, which includes several newly developed features, such as
the full pipeline configuration that represents the operational environment, and the incorporation of
event screening criteria. The performance of NET-VISA as based on the review of a human analyst
is discussed.

O3.5-485 – New Periodic Fisher Scoring Method for DOA Estimation for Seis-
mic Signals

Author: Malaak Khatib1

Co-authors: Yochai Ben-Horin2; Yael Radzyner3; Tirza Routtenberg1

1Ben-Gurion University of the Negev
2NDC Israel
3Soreq Nuclear Research Center

Seismic waves are sound waves emitted by, for example, an earthquake or an underground explo-
sion. Accurate estimation of the back-azimuth, i.e. the direction of arrival (DOA), of a seismic signal
to the detecting station, is required for the accurate localization of seismic events. This is espe-
cially important in the case of seismic arrays, which comprise a substantial portion of International
Monitoring System primary stations. In this research, we develop a new low-complexity DOA es-
timation method, the iterative periodic Fisher’s scoring. In our simulations, we use synthetic data
that was generated assuming the configuration of the MMAI seismic array and noise characteris-
tics. We compare the performance of the proposed method, the maximum likelihood estimator, and
the conventional Fisher scoring as well as the cyclic Cramér-Rao lower bound. Simulation results
show that the proposed periodic Fisher’s scoring estimator has a lower mean cyclic error and lower
computational complexity than the classical method, and it is more stable around the edges of the
range [-pi,pi]. Moreover, under a misspecified model, where the noise is assumed to be white (i.e.
uncorrelated between the sensors), while it is colored (i.e. correlated), our methods significantly
outperforms the existing methods.

O3.5-820 – Detection and Modeling of Timing Errors at Seismic Arrays

Author: Nick Ackerley1

1Canadian Hazards Information Service (CHIS), Natural Resources Canada (NRCan)

Accurate timing is both an essential requirement and a perennial problem for seismology. With the
adoption of satellite based global positioning systems for the timestamping of data in the 1990s, this
problem appeared to have been solved. I have applied multichannel cross-correlation (VanDecar
& Crosson, 1990) to recordings of teleseisms across seismic arrays, to estimate the relative timing
error between array elements. At the Yellowknife seismological array, timing errors are observed at
some array elements, up to a maximum of 0.4 s, while others exhibit no apparent timing errors. The
relative timing errors between 2014 and 2020 are quantized, with a base value of approximately 0.12
s. The time period can be divided into two eras; within each era the timing error only increases. The
cause of the timing errors is unknown, but the quantization is inconsistent with what is expected for
a free running clock, and no timing errors have been observed since a digitizer firmware upgrade
on 8 April 2020. A model is developed for the absolute timing errors, one which can be applied to
historical data. It is recommended that timing error checks be done at other InternationalMonitoring
System arrays.
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P3.5 Analysis of seismic, hydroacoustic and infrasound monitor-
ing data

P3.5-050 – The Multichannel Maximum-Likelihood Method: Towards a Multi-
source Detection andWave Parameters Estimation Using Deep Learning

Author: Benjamin Poste1

Co-authors: Maurice Charbit2; Alexis Le Pichon1; Constantino Listowski1; François Roueff3; Julien Vergoz1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2Telecom-ParisTech
3Institut Mines-Telecom, 91120 Palaiseau

We present an improvement to the multichannel maximum-likelihood (MCML) method. This ap-
proach is based on the likelihood function derived from a multi-sensor stochastic model expressed
in different frequency channels. Using the likelihood function, we determine, for the detection prob-
lem, the generalized likelihood ratio with a p-value threshold to discriminate signal of interest and
noise. For the estimation of the slowness vector, we determine the maximum likelihood estimation.
Comparisons with synthetic and real datasets show that MCML, when implemented in the time fre-
quency domain, outperforms state of the art detection algorithms in terms of detection probability
and false alarm rate in poor signa to noise ratio scenarios. However MCML cannot account for inter-
fering coherent signals in the same time frequency band. Different deep learning architectures are
being explored to predict the number of sources in a given time frequency window. We illustrate
the potential of such approach on synthetics and real data from the International Monitoring System
to estimate multiple wave parameters associated with overlapping coherent signals from different
sources.

P3.5-055 – On-site Estimation of the Arrival Time of an Acoustic, Seismic or
Hydroacoustic Strongly Distorted Signals

Authors: Miodrag Vracar1; Stevo VracarNone

1Military Technical Institute Belgrade

In this paper we conduct a study of on-site estimation of the time of arrival (ToA) strongly distorted
acoustic signals. Propagation of the acoustic waves from sources is controlled by a complex interplay
between source location, winds, temperature, humidity, atmospheric attenuation, and topography,
which are the main factors that lead to signal distortion. An algorithm was developed (usable on-
site) that uses several ways of filtering signals and has the ability to estimate ToA without relying on
cross-correlation of signals or their pseudo sequences. Wavelet signal analysis and the fourth order
cumulant are used in order to better extract the useful signal. The ToA values obtained in this way
were successfully evaluated in algorithms for acoustic localization at large distances.

P3.5-097 – Physics Guided Neural Network for Emplacement Classification
and Yield andDepth of Burialof Estimations Using Time-Domain Source Func-
tions - Algorithms

Authors: Chandan Saikia1; Mitchell Solomon1; Seong Hyeon Hong2

1Air Force Technical Applications Center (AFTAC)
2Florida Institute of Technology

This study aims to explore novel physics-guided neural network (PGNN) algorithms as applied to
time-domain source functions (TDSF) of explosions for automated emplacement material classifica-
tion as well as the estimation of yield (W) and depth of burial (DOB) in a regression formulation. We
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assume that explosions are detonated at the center of cavities embedded in an infinite homogeneous
medium. TDSFs were constructed for different source emplacement conditions using analytical ex-
pressions at the elastic radius of each explosion source, where this elastic radius includes both the
cavity radius and the non-linear zone created by each explosion. In addition, a tabular dataset for
many combinations of W and DOBs was generated containing corner frequency (fc), halfwidth of
the displacement wavefield in seconds, peak amplitudes of both broadband and filtered waveforms
around 1 Hz, periodicity, and area under the peak pulse for each TDSFs. Note that these parameters
follow a non-linear dependence on W and DOB. These TDSFs and tabular datasets are being used to
explore the accuracy in the classification of emplacement conditions and post-processing validation
of the physics-informed neural network (PINN) with and without governing laws and regularization
of the PINN model. We are further evaluating the out of distribution network performance.

P3.5-098 – Physics-Guided Neural Networks for Emplacement Classification
and Events Discrimination, including the Explosion Yield and Depth Estima-
tion - Applications

Authors: Mitchell Solomon1; Chandan Saikia1; Seong Hyeon Hong2; Jorge Roman-Nieves1; Alan Poffenberger1

1Air Force Technical Applications Center (AFTAC)
2Florida Institute of Technology

This study uses 48 000 synthetically generated time-domain source functions (TDSF) to illustrate the
performance of newly developed physics-guided neural network algorithms for classification of the
emplacement conditions in materials where the explosions are detonated. TDSFs were constructed
at the elastic radii of many explosions for material properties representing the granite, shale, tuff-
rhyolite, wet granite and wet tuff emplacement conditions at the source. For each material type, we
allowed yield (W) to vary between 10 tonnes to 2 Kts and depth of burial (DOB) to vary between
100 m and 900 m, respectively. The effect of the one dimensional wave-propagation path models in-
cluding the attenuation by convolving TDSFs with synthetic path seismograms for stations located
at 100 km to 1200 km was further investigated. Different levels of real-time broadband noise and
source complexity comprising of both isotropic and non-isotropic sources were added, and com-
pared the performance of the algorithm in the material classification and estimation of W and DOB
to the neural network algorithm without governing laws and regularization of the physics-guided
method. Results will be presented showing the performance for the event classification applying the
algorithm individually to the Pg, Pn, Sn, Lg amplitudes, including the Pg/Lg and Pn/Sn amplitude
ratios.

P3.5-119 – Integration ofArtificial IntelligenceTechniques to theMitigation of
Anthropogenic Noise in Seismic Data from International Monitoring Stations
in Rapidly Urbanizing Areas like Nairobi, Kenya

Author: Emmanuel Acholla1

1University of Nairobi

The Comprehensive Nuclear-Test-Ban Treaty (Treaty) of 1996 obliges its signatories not to under-
take nuclear weapons tests. Kenya is a signatory to the Treaty and operates an infrasound and a
primary seismic station in Nairobi. The city has a 2.8% urban growth rate and in 2019, its popu-
lation was 4.3 million. An increase in anthropogenic activities directly impacts the International
Monitoring Stations in Nairobi, causing more noise in the data. Artificial intelligence algorithms
exist which can separate noise from seismic signals. Machine learning algorithms can automatically
learn from such data, identify patterns and make decisions while retaining the ability to analyse
previously unseen patterns. Deep learning algorithms can apply multiple layers to extract higher
level features from the raw noise data. Stanford University developed CRED for seismic event de-
tection, DeepDenoiser for signal denoising analysis, EQTransformer for phase picking and MagNet
for magnitude estimation. Thibaut Perol developed ConvNetQuake, which identified 17 more earth-
quakes than the Oklahoma Geological Survey. Intelligent algorithms can be a viable strategy to
reduce anthropogenic noise and hasten the analysis of data. The costs and technical challenges of
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implementing these algorithms could be mitigated through suitable partnerships between the Com-
prehensive Nuclear-Test-Ban Treaty Organization and the relevant research institutions, researchers
and States Signatories governments.

P3.5-123 – Seismic Events Classification Based on Feature Extraction and XG-
Boost Algorithm

Author: Tingting Wang1

Co-author: Yinju Bian

1Institute of Geophysics, China Earthquake Administration

The classification of low magnitude seismic events is an important task in regional earthquake mon-
itoring. This study focuses on the classification of earthquakes, explosions, and mining-induced
earthquakes. A 36-dimensional feature extraction dataset was established through eight types of
feature quantization methods, and two-classes and three-class models were respectively constructed
by the Extreme Gradient Boosting (XGBoost) algorithm. The P/S amplitude ratio has long played
an important role in earthquake/explosion classification, the importance scores of 36 features cal-
culated by XGBoost and Random Forest differ slightly, but the high frequency P/S amplitude ratios
all ranked higher. By comparing the performance of the classifiers based on the feature extraction
dataset and the waveform spectrum dataset, it was obtained that the feature extraction method can
effectively highlight the differences between different types of seismic events. The accuracies of the
classifiers constructed on the feature extraction dataset can reach 90%, among which the accuracies
of the earthquake/explosion, earthquake/mining-induced earthquake classifiers were as high as 97%.
Finally, the generalizability of the classifiers was verified by using the data in the study area and out-
side the area, which showed that the classifiers constructed based on the feature extraction dataset
had high test accuracies and strong generalizability.

P3.5-167 – Recent Advances in Automated and Event-of-Interest Analysis of
Infrasonic Events

Author: Philip Blom1

Co-authors: Jeremy Webster1; Jordan Bishop2

1Los Alamos National Laboratory (LANL)
2University of Alaska, Fairbanks

Detection, localization, and characterization of energetic events in the atmosphere and at shallow
depth of burial using infrasonic signals is often performed via an automated pipeline framework
with refinement using interactive tools for an identified event-of-interest. Recent updates to the
InfraPy signal analysis software suite authored and maintained by infrasound experts at Los Alamos
National Laboratory include expanded command line and graphical user interfaces that enable such
analysis using an adaptive detection algorithm as well as Bayesian event identification, localization,
and characterization methods. Further, recent investigations of a machine learning based approach
for infrasound signal detection and classification have demonstrated highly accurate identification of
transient and persistent signals. An overview of the InfraPy software suite, in-development machine
learning based methods, and example analysis of recent events-of-interest using the software will
be presented.

P3.5-168 – A Python Tool for Evaluating Transient Noise on Seismic Array
Components

Author: Charlotte Rowe1

Co-author: Clara Stanbury1
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1Los Alamos National Laboratory (LANL)

In explosion monitoring, seismic arrays offer significant signal to noise improvements and enhanced
ability to detect and locate important events. This advantage can be significantly degraded, however,
in the presence of noise on the array components. For automated processing methods, this may re-
sult in a failure to identify an important signal, since many methods use thresholds. For a chronic
issue on one channel, it can be eliminated a priori, but intermittent noise is more difficult to isolate.
We are building a tool to perform quality control on seismic arrays over long periods of time, to iden-
tify when a channel experiences an intermittent problem and which is the problematic channel. The
tool exploits a jackknifing method with running singular value decomposition for time-windowed
array data, followed by SVD clustering to isolate an anomalous channel. The underlying tool has
a GUI that extracts array waveforms directly from a relational. The GUI will apply high-pass or
low-pass filtering of the waveforms before performing the SVD/cluster analysis. Times of channel
anomalies are reported in a file written to disk, and can be viewed on screen. Our goal is to enable
a user to incorporate the list of times and channels into their automated analysis.

P3.5-176 – Expansion and Transferability of a Convolutional Neural Network
Deep Denoiser

Author: Clinton Koch1

Co-authors: Rigobert Tibi1; Christopher Young1

1Sandia National Laboratories (SNL)

Seismic noise from a variety of nuisance sources frequently contaminates signals of interest. Effec-
tively suppressing this noise is a crucial step in the processing pipeline. In a previous work, Tibi
et al. (2021) developed a seismic signal denoising approach that uses a deep convolutional neural
network (CNN) model to decompose an input waveform into a signal of interest and noise. While
effective, this model, however, was limited in that it was trained on regional data from Utah, using
recordings from vertical components only. In this study, we evaluate the transferability of the CNN
denoising approach to global regions using data from the International Monitoring System (IMS)
seismic station network. To train and test the denoiser, we curate high quality signal and noise
datasets of seismograms recorded by stations of the IMS network and use them to construct >100
000 noisy waveforms. Furthermore, we extend the current methodology, which only utilizes the ver-
tical component, to three components, resulting in a denoising model across all three components.
In doing so, we demonstrate the validity of using machine learning derived datasets of noise in place
of manually curated datasets which greatly reduces analyst time and effort.

P3.5-196 – Comparative Study of the Performance of Seismic Waveform De-
noising Methods

Authors: Rigobert Tibi1; Christopher Young1; Robert Porritt1

1Sandia National Laboratories (SNL)

Seismic waveform data are generally contaminated by noise from various sources, which interfere
with the signals of interest. In this study, we implemented and applied several noise suppression
methods. The denoising methods, consisting of approaches based on nonlinear thresholding of con-
tinuous wavelet transforms (CWTs), convolutional neural network (CNN) denoising and frequency
filtering, were all subjected to the same analyses and level of scrutiny. We found that for frequency
filtering, the output SNR decreases significantly faster with decreasing input SNR. For most of the
input SNR range, the quality of the output waveform for CNN denoising in terms of output SNR and
amplitudes is superior to other approaches. Our results suggest that in terms of degree of fidelity for
the denoised waveforms with respect to the ground truth seismograms, CNN denoising outperforms
both CWT denoising and frequency filtering. Depending on the purpose of the analyses for which
the denoising task is performed, these findings have important implications. For instance, if the
purpose of the analysis is to exploit the amplitude information of the seismograms for magnitude,
yield, or moment tensor estimation, among the methods evaluated, CNN denoising would be the
most suitable approach.
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P3.5-207 – Regional Seismic Event Detection on Single Stations Using Deep
Learning

Author: Erik Bryhn Myklebust1

Co-author: Andreas Kohler1

1Norwegian Seismic Array (NORSAR)

Automatic detection of seismic events in processing pipelines at the International Data Centre and
many National Data Centres is mostly done using beamforming on arrays; however, extensive use
of single stations can improve the detection capability and accuracy of event location. Advances
in deep learning methods enable faster and more accurate processing of large quantities of single
station data not seen previously. We use event catalogues including phase picks on a range of arrays
in Scandinavia at regional distances (200-2000 km) i.e. up to 3 min separation between P and S
arrivals, to train several deep learning models (PhaseNet and EQTransformer variants) using single
stations within the arrays. The models are trained on clips of 324 s to capture the multiple arrivals.
The models are then applied to various single stations in Norway to assess their generalization. We
can detect events at a variety of back-azimuths and distances.
Furthermore, we expand the existing deep learning models to provide predictions for back-azimuth
and distance. This imposes physical restrictions on themodels, leading to increased picking accuracy
for the predicted phase arrivals. Moreover, this enables us to use the vast number of single stations
available to efficiently detect and locate distant events.

P3.5-277 – A Statistical Approach to Estimate Station Magnitude Biases and
Noise Levels

Author: Yael Radzyner1

Co-authors: Boaz Nadler2; Meirav Galun2

1Soreq Nuclear Research Center, Yavne, Israel
2Department of Computer Science and Applied Mathematics, Weizmann Institute of Science, Rehovot, Israel

The International Data Centre (IDC) estimates several types of seismic magnitudes. Two of them are:
the body wave magnitude mb, and the surface wave magnitude Ms. Both measures are significant
to the CTBT verification regime as an input for discrimination methods between earthquakes and
explosions, while mb is used for yield estimation for a presumed explosion. The IDC, like other
institutes, estimates event magnitudes in two steps. First, the event magnitude is estimated for each
IMS station detecting the event. The network magnitude is then computed as the average of station
magnitudes excluding outliers. This approach rests on the assumptions that stations magnitudes are
unbiased and have the same noise level (namely, random estimation errors).
We show that these two assumptions do not hold for mb and Ms as published in the Reviewed Event
Bulletin of the IDC.We suggest a different approach, whereby individual stations each have different
and unknown biases and noise levels. We present algorithms to estimate these stations’ biases and
noise levels. We use our estimated station biases as station correction terms, and the estimated noise
levels as weights for event magnitude estimation. We show that our approach yields more consistent
station and event magnitudes, using Reviewed Event Bulletin data.

P3.5-282 – A Seismic Array Data Based Machine Learning Approach for Seis-
mic Phase Classification and Back-Azimuth Estimation

Author: Andreas Kohler1

Co-author: Erik Bryhn Myklebust1

1Norwegian Seismic Array (NORSAR)

Array processing is routinely used tomeasure apparent velocity and back-azimuth of seismic arrivals
at the International Data Centre and many National Data Centres. Both quantities are measured
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under the plane wave assumption and are used to classify the phase type and to determine the
direction towards the event epicentre. However, structural inhomogeneities can lead to deviations
from the plane wave character. We suggest a combined classification and regression neural network
to determine the phase type and back-azimuth directly from the arrival time differences between
all combinations of stations of a given array, without assuming certain wavefield properties. It is
trained using P and S arrivals of over 30 000 seismic events from the reviewed regional bulletins in
Scandinavia of the past three decades. Models for the ARCES, FINES and SPITS arrays are trained.
Very good performance for seismic phase type classification (up to 99% accuracy) and low source
back-azimuth misfits are obtained. The SPITS array in Svalbard exhibits particular issues when
it comes to array processing, and we show how our new approach better handles these obstacles.
Finally, a systematic test of the performance compared to the results of the existing array processing
pipeline at NORSAR was conducted in case of the ARCES array.

P3.5-318 – Applying Compression Metrics to Seismic Data to Assist Analysts

Authors: Christina Ting1; Angela Zhou1; Laura Matzen1; Richard Field1

1Sandia National Laboratories (SNL)

The Sliding Information Distance (SLID) metric is a compression based metric that can identify sig-
nal arrivals in seismic data. SLID has advantages over existing algorithms that are used for detecting
arrival times because it can be used to calculate the certainty of each automated detection and to
denote multiple possible arrival times in cases where the detections have low certainty. This in-
formation can be used to prioritize detections for analyst review. SLID can also be applied at the
event level, using high confidence detections to refine the timing of lower confidence detections at
other seismic stations. We present background information about how SLID is applied to seismic
data, both at the station and at the event level. We also discuss how the uncertainty information
produced by SLID can assist analysts by providing transparency into the algorithm’s arrival time
picks, refining the timing of automated picks made by SLID or other algorithms, and directing ana-
lysts’ attention to likely arrival times within a particular waveform. All of these features can assist
analysts with triaging and analysing seismic data.

P3.5-319 – Extending Utah Models for Event Discrimination to the Broader
United States with Semi-Supervised Learning

Author: Lisa Linville1

Co-authors: Jorge Garcia1; Rhiannon Vieceli1

1Sandia National Laboratories (SNL)

This work expands on a new method, called event-based training (EBT) which is primarily a tool to
leverage large datasets with little or no ground truth, to build event discrimination models across the
continental United States. We include data from the transportable array and other regional catalogs
as well as including a null criteria to enable amodel to abstain from decisionmaking in the absence of
sufficient evidence. This work also extends Bayesian deep learning to assess the interplay between
decision abstention and uncertainty assignments for use by analysts. This research benchmarks
how appropriate EBT is for local to regional scale event characterization in the absence of abundant
ground truth broadly.

P3.5-327 –Automatic EventDiscriminationwithMachine LearningTechniques
at the Piszkés-tető Infrasound Array, Hungary

Author: Marcell Pásztor1

Co-author: Istvan Bondar2
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1ELTE Eötvös Loránd University, Institute of Geography and Earth Sciences, Department of Geophysics and Space
Science, Budapest, Hungary

2Research Centre for Astronomy and Earth Sciences (ELKH)

The infrasound array in Hungary at Piszkés-tető (PSZI) has been collecting data since 2017. For
signal processing, the Progressive Multichannel Cross-Correlation (PMCC) method is used, which
resulted in about a million detections so far. Among these detections there are about 10 000 cate-
gorized, hand labelled events from quarry blasts, storms and power plant noise that constitute the
dataset for training and testing. We extracted both time and frequency domain features from the
raw waveforms, and also calculated PMCC specific features. For event discrimination purposes we
tested two machine learning algorithms, the Random Forest and Support Vector Machine methods.
These classifiers were trained to separate quarry blasts from storms and coherent noise from the
nearby power plant. We measure the performance of the classifiers with the f1 score, and analyse
the confusion matrices. For both classifiers the results reach 0.9 f1 score.

P3.5-331 – T-waves PropagationModeling with High Performance Computing

Author: Tiago Oliveira1

Co-authors: Ying-Tsong Lin2; Noriyuki Kushida1

1CTBTO Preparatory Commission
2Woods Hole Oceanographic Institution

Twaves signals at InternationalMonitoring System hydrophone stations can present complex arrival
characteristics caused by bathymetric features along their long range propagation paths through hor-
izontal reflection, refraction, and diffraction. Thus, the interpretation of recorded T waves can be
challenging due to differences in observed and expected arrival times, back-azimuths, or energy
intensity. This work presents and discusses the use of high performance computing to simulate T
wave propagation using a 3-D broadband Parabolic Equation (PE) model. A GPU, a single core em-
barrassingly parallel, and a multi-core version of the 3-DPE model are applied to simulate a T wave
spectrum represented by up to 1200 frequencies ranging from 1 to 30 Hz. Single frequency model
results are then synthesized to construct time series solutions. Finally, modeled results are com-
pared with data recorded at the CTBT-IMS hydrophone station HA10 in Ascension Islands (Atlantic
Ocean) for some specific events. A good agreement between modeled and observations is found for
the arrival time and back-azimuth of the direct and reflected acoustic paths. Overall, results high-
light the importance of accelerated computing to understand 3-D effects on T waves propagating
in the ocean, which cannot be computed in reasonable times using traditional computing technics.

P3.5-342 – Seismic Signal Classification Using Deep Neural Networks

Author: El Hassane Ait Laasri1

Co-authors: Abderrahman Atmani1; Driss Agliz1; Es-Said Akhouayri1

1Ibn Zohr University

Seismic event source identification using recorded signals could be a complex task to solve using
classical mathematical methods. Alternatively, many recent research studies have opted for artificial
intelligence techniques to deal with this classification problem. Indeed, artificial neural networks,
particularly multilayer perceptron (MLP), are one of the techniques that have achieved good classi-
fication result. However, the most critical step in using MLP is feature extraction. The employed
features can significantly affect the classifier performance. The advance achievements in graphical
processing units have enabled the implementation of deep learning based classifiers which over-
come the necessity of feature extraction. Consequently, deep learning approaches could be more
objective and efficient as signal features are not specified by the user. In fact, more research studies
should be devoted to this field in order to develop more reliable classifiers. The aim of this study is
to investigate the performance of a deep neural network on seismic signal classification. To do so,
several experiments have been performed on a seismic database of four classes. The obtained results
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show the ability of this classifier to achieve high accuracy without requiring any subjective signal
pre-processing.

P3.5-348 – Testing a Paired Neural Network to Characterize Aftershock Se-
quences

Author: Erica Emry1

Co-authors: Brendan Donohoe1; Andrea Conley1; Benjamin Greene1; Rigobert Tibi1; Christopher Young1

1Sandia National Laboratories (SNL)

Large earthquakes and aftershock sequences substantially increase the burden of those who monitor
seismic data for anthropogenic events. Fortunately, most aftershocks exhibit high degrees of simi-
larity between their waveforms, making them well suited for detection and identification through
waveform cross-correlation techniques. Such techniques pose some challenges, however, such as
building and maintaining template libraries. To mitigate this, we test the effectiveness of using deep
learning to detect and characterize aftershocks by training several paired neural networks (PNN) us-
ing different training datasets. The first PNN models we test are built with seismic data constructed
by adding high SNR, real signals with real background noise at various amplitudes; we also include
some overlapping event signals and apply different filters to the constructed waveforms to make our
training datasets more realistic. These models, based on constructed data, are then tested with data
from two real aftershock sequences in Chile and Nepal that were built in a prior cross-correlation
study and then validated by an expert analyst. We will investigate the viability and limitations of
this method by exploring model transportability to other geographic regions, further tuning existing
models, and training new models using real events.

P3.5-365 – International Monitoring System 3-Component Seismic Signal De-
tection Using the PhaseNet Deep Learning Model

Authors: Stephen Heck1; Jorge Garcia1; Rigobert Tibi1

1Sandia National Laboratories (SNL)

We train deep learning models for seismic detection on 3-component stations from the International
Monitoring System (IMS) based on PhaseNet architecture and evaluate the results using the Uncon-
strained Global Event Bulletin (UGEB). Using 14 years of associated signals from the Late Event
Bulletin (LEB), we auto-curate a training data set consisting of signal windows containing associ-
ated arrivals, and noise windows that contain no LEB associated signals. We construct five training
data sets by varying the ratio of noise windows to signal windows and found that increasing the
number of noise windows increases the precision from .15 to .4 while reducing the recall from .6 to
.5. Using the SeisBench Toolbox, we compare eight PhaseNet models trained on non IMS data on
the UGEB and show the best SeisBench model achieved a .24 F1 score versus .49 F1 score for our best
IMS models. We qualitatively compare the PhaseNet response curves to the STA/LTA response for
true positive detection, false positive detections generated from windows with associated signals,
and false positive detections generated from windows with no associated signals. Finally, we find
that the primary benefit of training with LEB data is not in detecting more signals, but rather the
suppression of noise detections.

P3.5-388 – Australian National Data Centre Experience with the use of NDC-
in-a-Box Software

Authors: Spiro Spiliopoulos1; Matthew Hoyles1

Co-author: Svetlana Nikolova1

1Geoscience Australia
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We present results from our use and analysis of the most recent release of NIAB, which contains the
NET-VISA associator integrated into SeisComp3 (SC3). This version allows for the configuration of
non-International Monitoring System (IMS) stations using both the International Data Centre (IDC)
DFX detector and NET-VISA. Non-IMS stations from the Australian network and from other regions
of interest were integrated into the system and results are presented. We made a comparison of
Australian earthquake catalogue with the automatic bulletin produced by the NIAB system. Further,
as NIAB now allows for the calculation of IDCmagnitudes, (mb_ave andmppln) in both an automatic
and interactivemode, these results are also comparedwithmagnitudes in the IDC bulletin. A detailed
review of some notable events detected automatically by the NIAB software within Australia and
nearby regions is made. These include the Hunga Tonga submarine volcano in January 2022. Finally,
this version of NIAB allows for the automatic creation of mixed events i.e. using seismic, infrasound
and/or hydroacoustic detections. We present and review examples of these events. Overall it is
shown that the current suite of software performs well and can be a reliable verification tool with
the ability to satisfy requirements of both regional and local monitoring.

P3.5-396 – High-Performance Computing Optimization of Broadband Range-
Dependent Sound Propagation Simulations

Authors: Noriyuki Kushida1; Ying-Tsong Lin2

1CTBTO Preparatory Commission
2Woods Hole Oceanographic Institution

The range-dependent Acoustic Model (RAM) is a prevalent underwater acoustics modelling pro-
gram, which employs a 2-D parabolic equation method. Parabolic equation is known as an accu-
rate and reliable method, and it has been extensively used in the underwater acoustic community.
Even though the parabolic equation method requires less computation resources than many other
methods, an efficient computational framework is still needed especially for broadband simulations.
These broadband parabolic equation simulations essentially implement the Fourier synthesis method
to compute waveform time series from frequency spectra. Therefore, it requires simulating a single
environmental model with thousands of frequencies of a sound source. The first option to tackle
this is the “embarrassingly parallel” methodology that distributes small instances over many proces-
sors. However, the latest processing units, such as SIMD and GPGPU, may not necessarily suit the
embarrassingly parallel methodology for RAM-broadband. In the present study, we will implement
several methods to accelerate RAM-broadband simulation on the latest processing units and discuss
the performances.

P3.5-408 – Perspective of the International Monitoring System Seismic Event
Location Capability Improvement with Ambient Noise Tomography

Authors: Mikhail Rozhkov1; Yury Starovoyt2

Co-author: Ivan Kitov3

1Instrumental Software Technolgies, Inc. (ISTI)
2AddProject
3CTBTO Preparatory Commission

CTBTO observation and processing systems are required to be sensitive to low magnitude events. A
promising way to increase system sensitivity and improve station tuning is to refine the receiver ve-
locitymodels underneath InternationalMonitoring System (IMS) stations by incorporating a number
of ambient noise processing techniques into the International Data Centre (IDC) practice. In particu-
lar, this approach should lead to reduction of arrival time residuals between empirical and observed
onset times of seismic waves. A basis for that is a vast amount of seismic noise data acquired in the
IDC for more than 20 years. We conducted a case study for ARCES IMS array in Northern Norway,
which consists of 4 rings of 3C broadband shallow vault seismometers. In addition to building an
averaged uppermost ARCES velocity model, we demonstrate the trial application of Ambient Noise
Tomography methods for the individual model retrieval at different flanks of spatially distributed
sensors comprising seismic arrays as a generalized way to aggregate the block velocity models. Ex-
amples for other geometries and regions are also provided. For enhancement of CTBTO on-site
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inspection seismic aftershock monitoring system, the same approach can be utilized by retrofitting
velocity models produced with the noise data collected from the temporarily on-site inspection array.

P3.5-449 – Advances in Application of Machine Learning to Seismic Monitor-
ing Data Processing

Author: Jian Li1

Co-authors: Jie Shang1; Lei Gai1; Lihong Huang1; TangWei1; XiaomingWang1; Yong Xiao1; Zhehan Liu2

1CTBT Beijing National Data Center
2CTBT Beijing National Data Center and Beijing Radionuclide Laboratory

This paper summarizes the advances in the application of machine learning to seismic monitoring
data processing. Then it focuses on our work including local events detection based on multi-task
Convolutional neural network (CNN), Generative Adversarial Network - Long Short-Term Memory
(GAN-LSTM) joint network applied to seismic noise signal recognition, the seismic phase sequence
detection based on transformer, and seismic event association based on probabilistic models.
Finally, the trend of the development and potential challenges with machine learning applications
are discussed.

P3.5-457 – Discrimination of a Seismic Event Based on Waveform Character-
istics of Different Seismic Phases

Authors: Xueyan Li1; Xiaolin Hou1

Co-authors: Yinju Bian1; Tingting Wang1; Changsheng Jiang1; Mengyi Ren1

1Institute of Geophysics, China Earthquake Administration

Discriminating the event type with seismic waveforms is a vital part of the verification work. In this
research, 500 seismic events with a magnitude below 3.0 ML around Beijing were collected in the
categories of: natural earthquake, blasting andmining collapse. More than 25 features and their ratio
parameters were applied to characterize the seismic waveforms, which were extracted from P and S
waves in each trace, and the mean value of characteristics of the seismic event was calculated. SVM,
Fisher, and Bayesian probability methods were utilized for the event type identification. It is found
that the SVMmethod exhibits the highest identification accuracy, followed by the Fishermethod. The
Bayesian method ranked third. In addition, the identification accuracy can be improved by adding
the ratio parameter of P and S wave features. However, under the same condition of characteristic
data, the identification accuracy based on P and S wave features is lower than the identification
accuracy based on mean features of events.

P3.5-461 – Review of NET-VISA in Operational and Test Environments and
Implications for the Event Definition Criteria

Author: Svetlana Nikolova1

Co-author: Spiro Spiliopoulos1

1Geoscience Australia

This study reviews performance of NET-VISA in operations (vsel3) and results of a full pipeline test of
NET-VISA from 2021 in comparison with SELs. NET-VISA performed better than the standard global
associator, GA, however several differences in how these algorithms form events were identified.
These differences provided fewer constraints in event formation for NET-VISA in comparison with
GA, namely creating some events that are not compliant with existing event definition criteria (EDC).
Applying the EDC to the NET-VISA output lessens the performance of NET-VISA by 5%. Application
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of the EDC affects the number of events created in the automatic bulletins, which are reviewed for
inclusion into the Late Event Bulletin (LEB). LEB events must then comply with the EDC before
entering the Reviewed Event Bulletin (REB). The number of LEB events not propagating to REB
increased with time from 4% in 2002 to 26% in 2022 and is correlated with the increase in number
of stations, contributing to the bulletins. The development of the EDC dates from GSETT-3 and
were designed to limit the load on analysts and automatic processing. Accumulated experience in
processing and analysis over last ten year provides sufficient data to revise existing EDC and propose
alternative approaches to producing products for verification purposes

P3.5-480 – Modeling Low Frequency Wind Generated Acoustic Noise

Authors: Christopher Stockinger1; John Hartman2; Preston Wilson1

1The University of Texas at Austin
2Applied Research Laboratories, The University of Texas at Austin

The objective of this study is to improve modeling underwater ambient noise below 100 Hz from
local and distant wind. Historically, shipping is assumed to dominate ambient noise at this fre-
quency band, however, the CTBTO hydroacoustic array off Crozet Island provides unique wind
noise observations with minimal shipping interference. First, ambient noise is correlated to over-
head windspeed through a simple frequency dependent power relation, and second, the distant wind
contributions are modeled through a source density and propagation model. Wind-related noise is
modeled as a layer of monopole sources located at a quarter wavelength below the surface. The
ambient noise and source level (SL) are related to wind speed (U) through a power relation such that,
SL=A(f)+10n(f)log(U) and AN=B(f)+10n(f)log(U) where A, B, and n are frequency dependent coeffi-
cients estimated from the acoustic data. An important observation is that the n parameter increases
as frequency decreases and reaches a value above 7 at 10 Hz, which is much larger than the 3.5 often
measured at 300 Hz. The source layer model accurately predicts the ambient noise within a standard
deviation of 2.5 dB and is necessary with low overhead wind speeds.

P3.5-483 – Azimuth Estimation in Seismic Arrays via Deep AugmentedMUSIC
Algorithm

Author: Malaak Khatib1

Co-authors: JulianMerkofer2; Yochai Ben-Horin3; Yael Radzyner4; Guy Revach5; Ruud van Sloun2; Nir Shlezinger1;
Tirza Routtenberg1

1Ben-Gurion University of the Negev
2Eindhoven University of Technology
3NDC Israel
4Soreq Nuclear Research Center
5ETH Zürich

Seismic waves are emitted by events such as earthquakes, explosions, or other movements of materi-
als within the Earth. The International Monitoring System comprises of a global network of seismic
stations intended to identify and locate such events. The accurate estimation of the back-azimuth,
or the angle of arrival, of these seismic signals remains a key challenge. Over the last decades, many
azimuth estimation algorithms have been proposed. Additionally, recent years have witnessed a
dramatic success of machine learning algorithms. Hybrid model-based/data-driven methods, such
as the newly proposed deep augmented MUSIC (DA-MUSIC) algorithm, combine the advantages of
both worlds. In this work, we implement and test the performance of the DA-MUSIC method on
seismic data. The estimator’s performance is compared to those of: 1) Broadband MUSIC; 2) Classic
MUSIC; 3) Maximum Likelihood Estimator; 4) Beamformer; and 5) a Random decision. We use data
recorded by the GERES array located in the Bavarian Forest, Germany, and data obtained by the
MMAI array in Israel. We study different challenging scenarios corresponding to array mismatch,
broad frequency ranges, and limited measurement windows. The results show that DA-MUSIC out-
performs existing methods and indicates versatility and robustness, allowing the application to real
seismic data.
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P3.5-524 – Seismic Discrimination between Nuclear Explosions and Natural
Earthquakes Using Multi-Machine Learning Approaches

Authors: Shimaa Elkhouly1; Ghada Ali1

1National Research Institute of Astronomy and Geophysics (NRIAG)

In seismic signal analysis it’s crucial to be able to distinguish between earthquakes and under-
ground nuclear explosions, which is an important component of the Comprehensive Nuclear Test-
Ban Treaty Organization (CTBTO). Many methods have been used, such as the complexity, the spec-
tral ratio, body wave and surface wave magnitudes (mb-Ms), and P and S corner frequencies. The
data set of nuclear explosions and earthquakes with body wave magnitudes MB ranging between
4.5 and 6.5 in different regions around the world, such as China, India, Pakistan, North Korea, and
the USA, have been collected using broadband seismic stations from different networks, including
the International Monitoring System network and the International Research Institute for Seismol-
ogy. The purpose of this study is to apply various approaches of machine learning based on the
output features from the previous methods. These approaches, including logistic regression, the
K-neighbors classifier, the decision tree classifier, the random forest classifier, the voting classifier,
the XGB classifier, and Naive Bayes, had been widely used to automatically discriminate between
underground nuclear explosions and large earthquakes. The performance of our proposed discrim-
ination algorithms was proven by the receiver operating characteristics (ROC) and area under the
ROC curve results.

P3.5-529 – Analysis and Simulation of Improved Seismic Data using Adaptive
Processing by National Data Centre Iraq

Author: Yasameen Hameed Shamkhi1

1Iraqi National Monitoring Authority

All States Parties have convenient access to all International Monitoring System (IMS) data, Inter-
national Data Center (IDC) products and all applications and scientific studies programmes used in
the IDC of the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO). We took advantage
of this as the Iraqi National Data Center. in this study most of the research and studies related to
the analysis of seismic waves were reviewed using digital signal processing methods and artificial
intelligence. Where the data of seismic waves are digitally analysed using modern digital analysis
and processing methods to obtain faster analysis after to receive waveforms of the event through the
use of classification intelligence algorithms. Data has been studied of the Arabian Sea earthquake
seismic event on 26 October 2022 at 23:00:07 which was detected by two IMS monitoring technolo-
gies and non-IMS which is implemented in this work is the inclusion of analysis data using HA1
IMS (hydroacoustic station) with event location integration with seismic data for stations near that
seismic event. As well as seismic event which was also studied and evaluated in Turkey, detected
by IMS and non-IMS stations in IRIS on 23 November 2022 at 01:08:15.

P3.5-626 – Matched-Filter for Detecting Aftershocks of the 2014 MORMORI-
ILAM Earthquake

Author: Iman Kahbasi1

Co-authors: Ehsan Karkooti1; Saeed Soltani Moghadam1

1International Institute of Earthquake Engineering and Seismology (IIEES)

The first step in most seismological studies is detecting seismic events. Due to attenuation law, the
interstation spacing of seismic networks plays a fundamental role in the capability of phase detec-
tion, so the inappropriate density of seismic stations reduces the detection capability. The immediate
solution to this problem is to increase the density of stations. But, this is too expensive to build and
maintain. The cheaper solution is to improve the processing techniques to get more from the stations
we have. Thewaveform cross-correlation technique (Matched-Filter) is a signal processing approach
that is a powerful tool for detecting signals with a lower signal to noise ratio in the case of known
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sources. In this study, Matched-filter was performed on 95 days of continuous data with 13 tempo-
rary seismic stations installed by the IIEES to monitor the aftershock sequence of the August 2014
earthquake on MORMORI-ILAM with a local magnitude of 6. The primary catalog consists of 1105
aftershocks caught by visual and conventional methods and 838 of them were selected as templates.
The Matched-filter technique detected 3575 aftershocks (4.27 times of reference). The detections
were classified into some groups from the reliability point of view and correctness.

P3.5-656 – Keeping an Eye on Reviewed Event Bulletin Quality – Recent Per-
formance Compared to the Year 2012

Author: Karl Koch1

1Former Federal Institute for Geosciences and Natural Resources (BGR)

From 2000, when official bulletin production at the International Data Centre (IDC) of the Provisional
Technical Secretariat (PTS) started until 2012, comparisons of the Reviewed Event Bulletin (REB)
with the Published Bulletin of the International Seismological Center (ISC) had been carried out.
As numerous efforts have taken place since then, such as enhancing the automatic as well as the
interactive bulletin production system, a fresh look at the performance of the REB with respect to
the ISC bulletin for a recent year seems to be in order. Therefore, a comparison has been carried out
for the most recent year of ISC bulletin availability, namely 2020. Preliminary results indicate that
the performance has not changed significantly with respect to accuracy, observing anew a portion
of 95 percent of common events located within 1 degree of each other and 90 percent within half
a degree. Furthermore a significant drop of common IDC-ISC events occurred, from around 30 000
events per year to about 25 000 events per year. IDC only events, not updated by ISC, are now
relatively less frequent than before.

P3.5-668 – Moment Tensor Solution in Time Frequency Domain

Authors: Mohammad Shokri-Kaveh1; Sara Goudarzi2; Reza Mansouri3

1International Institute of Earthquake Engineering and Seismology (IIEES)
2Institute of Geophysics - University of Tehran
3Department of Geophysics, Persian Gulf University

This study presents a new method based on wavelet transform for moment tensor inversion. The
method consists of a semi-automatic data preparation and source inversion prepared in python. The
procedure is similar to the point source technique in the time domain but is adjusted using wavelet
coefficients. The advantage of our algorithm is to test the centroid moment tensor in all frequency
content using lower samples compared to the time domain. We show the results of the accuracy and
reliability of the method to obtain the complexity of earthquake sources with synthetic tests and real
observed seismograms.

P3.5-721 – 2011-2020: ADecade of Observations at IS42, Azores, Portugal

Author: Sandro Matos1

Co-author: Nicolau Wallenstein1

1Instituto de Investigação em Vulcanologia e Avaliação de Riscos (IVAR)

IS42 was certified on December 2010 and is one of the infrasound stations of the International Moni-
toring System (IMS) of the Preparatory Commission of the Comprehensive Nuclear-Test-Ban Treaty
Organization (CTBTO). The station is installed on Graciosa Island (Azores archipelago, Portugal),
in the North Atlantic Ocean. The layout of eight array components together with its geographical
position allows the detection of a wide range of infrasound signals produced by variety of local, re-
gional, and far-field sources. After a first study where we aimed to compile major near- and far-field
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detections of explosive volcanic activity, we present a first compilation of the IS42 infrasonic detec-
tions from 2011 to 2020 that is currently under progress. This first catalogue project aims to locate,
characterize and categorize coherent infrasound sources, and distinguish them from environmental
noise and other events of interest such as volcanoes explosions, earthquakes, bolides, microbaroms
or anthropogenic sources. We also present the detections obtained from events listed in the Standard
Event Lists and in the Reviewed Event Bulletin of the International Data Center for the same time.

P3.5-758 – Classification of Seismic Events Using a Cross-Correlation Based
Approach

Author: Abderrahman Atmani1

Co-authors: El Hassane Ait Laasri1; Driss Agliz1; Es-Said Akhouayri1

1Ibn Zohr University

Seismic events are produced by different types of sources (e.g. local earthquakes, distant earth-
quakes, quarry blasts, nuclear explosions, volcano activity, etc.). These events are detected by seis-
mic network stations and stored. The first important task in seismic signal processing is to identify
the source of each detected event. This task should be performed automatically due to the large
amount of data recorded daily. In some cases, it needs to be achieved almost in real time in order
to launch an alarm. Various approaches have been proposed in the literature. Most of these ap-
proaches necessitate extraction of the event signal features, like shape, length, frequency content,
moments (covariance, skewness and kurtosis) etc. In this work, we propose an easy and straightfor-
ward classification method which does not require any feature extraction. This method is based on
the cross-correlation function. The application of this method to a real seismic database of different
classes shows that it can achieve good classification results.

P3.5-780 – Automatic Earthquake Detection Capabilities of PhaseNet and EQ-
Transformer Using the 3 April 2017 Botswana M6.5 Earthquake and its After-
shocks.

Authors: Joseph Maritinkole1; Onkgopotse Ntibinyane2

1Botswana Geocience Institute
2CTBTO Preparatory Commission

PhaseNet and EQTransformer are two deep learning methods most commonly used for automatic
earthquake detection and phase-picking. This work presents the performance of these algorithms
using two weeks of data retrieved from the Botswana Seismological Network stations. Additional
data used is obtained from the International Monitoring System network within a distance of 250 km
from Botswana (e.g. Lobatse and Boshof). The results of PhaseNet and EQTransformer are recorded
and compared with the results of the STA-LTA method. The accuracy, precision, recall, and F1 score
are calculated for each method. Preliminary results show that the deep learning algorithms outper-
form conventional phase-picking methods in noisy data and where events overlap. Events that may
be ambiguous for traditional methods are often clear outliers within the DNN model domain, as
observed in this study.

P3.5-812 – Graph Neural Networks for Seismic Yield Estimation

Author: Xavier Cassagnou1

Co-authors: Christophe Millet2; Mathilde Mougeot3

1ENS Paris-Saclay
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
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3ENS Paris-Saclay, ENSIIE

The International Monitoring System includes waveform sensor stations connected to a centralized
processing system in the International Data Center. Recent tools at the IDC use Bayesian analysis
to detect and localize seismic events, such as NET-VISA. While the Bayesian approach to seismic
monitoring can improve significantly on the performance of classical systems, this approach needs
prior probability distributions and still relies on expert judgments, especially to incorporate envi-
ronmental knowledge or attenuation. Inspired by recent works in applying graph neural networks
(GNNs) in graph structured data, we developed an adaptive GNN for estimating earthquake locations
and magnitudes. Our GNN uses a combination of autoencoders, convolutional neural networks, and
an adaptive graph learning method. The proposed GNN is evaluated using CEA’s seismic data sets,
where the goal is to predict epicentral latitude/longitude, hypocentral depth and event magnitude for
each event. Our findings demonstrate that our algorithm not only further improves the accuracy of
yield estimation, with an average MSE reduction of 10% compared to the methods that are agnostic
to graphs, but also effectively exploits the hidden correlations of the nodes.

P3.5-836 – Events Evaluation Using Machine Learning

Author: Enrique Castillo1

1CTBTO Preparatory Commission

The CTBTO releases the Standard Events Lists (SELs) with information about the location, magni-
tude, time and depth of events identified from the automatic analysis of waveform data (seismic,
hydroacoustic and infrasound). This automatic generated list of events could be evaluated using
machine learning methods. Machine learning models work in two phases; training and testing. The
training phase uses a dataset (released by the CTBTO) with events already classified in two cate-
gories; “TRUE” and “FALSE”. The training phase uses features and patterns present into the dataset.
In the testing phase, the already trained machine learning models are used for predicting/classifying
new released (SLEs) events. Several machine learning models were created using different machine
learning algorithms. The accuracy and efficiency of classifying SELs events was evaluated using k-
nearest neighbors, support vector machine, decision tree learning, Naïve Bayes, random forest and
linear regression.

P3.5-887 – A Review of Frequently used Seismic PWave Detection and Picking
Algorithms

Authors: Driss Agliz1; Abderrahman Atmani1; El Hassane Ait Laasri1

1Ibn Zohr University

Seismic signal detection and phase arrival picking had been initially carried out manually by qual-
ified analysts. Currently, the introduction of large digital seismic monitoring networks has led to
the necessity of automatic detection and picking tasks. The latter are extremely important, not only
because an earthquake or a nuclear explosion must be detected and located automatically, but also
to optimize the necessary storage memory. Moreover, an automatic picking task can considerably
reduce the analyst effort andmake picking faster andmore objective. The need for automatic seismic
signal detection and picking algorithms has lead many researchers to investigate various techniques,
ranging from simple to sophisticated procedures. Each procedure has advantages and disadvantages.
The choice of an appropriate algorithm depends on the performance required and the type of the
expected signal (repeating sources, low/high SNR, emergent, impulsive). The aim of this study is
to discuss the most popular and frequently employed automatic detection and picking algorithms.

P3.5-891 – Noise Injection in Model Training for Better Calibrated Estimates
of Origin Error in NET-VISA

Authors: Geeta Arora1; Nimar Arora1; Noriyuki Kushida2; Ronan Le Bras3
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1Bayesian Logic, Inc.
2CTBTO Preparatory Commission
3Former CTBTO Preparatory Commission

NET-VISA is a Physics-Based Generative Model of global scale seismology. The model includes a
description of the generation of events which include underwater and atmospheric events, the prop-
agation of waveform energy from the events in multiple phases, and the detection or mis-detection
of these phases at the network of stations maintained by the International Monitoring System as
well as a model of noise processes at these stations. The model and its associated inference algo-
rithm has been deployed by the International Data Center to generate a bulletin of events known
as VSEL3. We recently introduced the ability in NET-VISA to estimate the origin error by using the
model directly rather than by relying on other software such as Libloc (a derivative of LocSat). In
this work we show that by injecting noise in the model training we get error ellipses that are much
more representative of the location uncertainty. We have evaluated our work on a ground truth
data set to confirm that the uncertainty estimates are much better calibrated than the existing Libloc
software as well as the NET-VISA model without noise injection.

P3.5-892 – The Effects of Uniform Prior and Event Definition Criteria on the
NET-VISA Bulletin

Authors: Nimar Arora1; Geeta Arora1; Noriyuki Kushida2; Ronan Le Bras3

1Bayesian Logic, Inc.
2CTBTO Preparatory Commission
3Former CTBTO Preparatory Commission

NET-VISA is a Physics-Based Generative Model of global scale seismology. The model includes a
description of the generation of events which include underwater and atmospheric events, the prop-
agation of waveform energy from the events in multiple phases, and the detection or mis-detection
of these phases at the network of stations maintained by the International Monitoring System as well
as a model of noise processes at these stations. The model and its associated inference algorithm has
been deployed by the International Data Center to generate a bulletin of events known as VSEL3.
In this work we study the effect of introducing the Event Definition Criteria (EDC) and a uniform
location prior in the NET-VISA model. The introduction of EDC causes the bulletin to produce far
fewer events, even less than the current SEL3 bulletin, while having higher overlap with LEB and
REB. However, the overlap is less than the current NET-VISA model. Introducing uniform location
causes the NET-VISA bulletin to produce many more events and a higher overlap with LEB and REB,
but at the cost of very many spurious events. Introducing both EDC and uniform location produces
results that are similar but worse than the current NET-VISA model.

O3.6 Analysis of radionuclide monitoring data

O3.6-173 – Machine Learning Enhanced Detection of Radionuclide Anomalies

Author: Donald Lucas1

Co-authors: Nipun Gunawardena1; Lee Glascoe1

1Lawrence Livermore National Laboratory (LLNL)

Atmospheric concentrations of radionuclides measured at International Monitoring System (IMS)
stations can vary by an order of magnitude or more between neighboring stations and from one col-
lection to the next due to changes in weather, emission rates of background sources and other local
factors. Large spatiotemporal changes make it difficult to categorize elevated collections as anoma-
lies of interest or something benign. Simple univariate quantile scores are easy to calculate from
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time series of individual radionuclides at single IMS stations, but they do not account for correlated
anomalies across different collections or different isotopes within a collection. In this presentation,
we demonstrate the advantages of usingmachine learning algorithms routinely used to detect fraudu-
lent activity in the financial industry for identifying radionuclide anomalies. Unsupervised machine
learning anomaly detection algorithms, such as isolation forests and local outlier factors, can pro-
vide quantitative scores that consider a multitude of information. These algorithms run quickly, are
easy to train, and, with relatively little effort, could be automated to process streaming IMS data.
We also demonstrate supervised machine learning approaches, such as Bayesian ridge regression, to
improve radionuclide anomaly detection through the incorporation of simulated signals from one
or more atmospheric transport models.

O3.6-239 –Reconstruction of SyntheticRadionuclide SourceTermsUsingBayes-
ian Inference

Author: Ian Hoffman1

Co-authors: Alain Malo2; Andy Delcloo3; Astrid Suarez Mullins4; Daniel Chester5; John Shuford4; Kurt Ungar6;
Matthew Goodwin5; Michael Walters4; Pieter De Meutter7; Stéphane Beauregard2; Zaneta Gacek4

1Radiation Protection Bureau, Health Canada
2Environment and Climate Change Canada
3Royal Meteorological Institute of Belgium
4Air Force Technical Applications Center (AFTAC)
5Atomic Weapons Establishment (AWE) Aldermaston
6Health Canada
7Belgian Nuclear Research Center (SCKCEN)

The Forensic Radionuclide Event Analysis and Reconstruction (FREAR) tool performs source re-
construction using a Bayesian inference framework. Using a statistical model of the radionuclide
detection system and atmospheric transport models, FREAR infers and reconstructs the best emis-
sion source characteristics to fit the supplied observations. This powerful approach provides as-
sessments of source location, release magnitude, release period, compares observed and posterior
predicted measurements and ultimately reduces the area of consideration of potential sources.
To test the suitability of FREAR for verification applications, blind synthetic trials were constructed
at two different environmental scales, using WRF-HYSPLIT. These two scenarios were then recon-
structed by FREAR at three different organizations using different dispersion andmeteorologymodel
input (NCEP-HYSPLIT, ECMWF-FLEXPART, CMC-MLDP). The results of the two trials will be
discussed, showing that FREAR represents a dramatic improvement in radionuclide event assess-
ment, providing a valuable tool to National Data Centres. The future development of the FREAR
tool will be shared.

O3.6-364 – The Development of an Association Algorithm for Radionuclide
Measurements

Authors: Paul Eslinger1; Brian Schrom1; Harry Miley1

1Pacific Northwest National Laboratory (PNNL)

The International Monitoring System operates a network of radionuclide technology monitoring
stations. Historically, each measurement has been analysed separately to verify treaty compliance.
Combining sample measurements, including detects and non-detects, invokes greater monitoring
capability referred to as network power. A key steppingstone to obtaining network power is to
objectively select a group of related sample measurements that are associated with a release event.
Such collections of measurements can be assembled by an analyst, or perhaps they can be selected
by algorithm. The authors explore, using a year of atmospheric transport calculations and realistic
sensor sensitivities, the potential for a computed radionuclide association tool.
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O3.6-460 – A Baseline for Source Reconstruction Using Forensic Radionuclide
Event Analysis and Reconstruction

Author: Pieter De Meutter1

Co-authors: Andy Delcloo2; Ian Hoffman3

1Belgian Nuclear Research Center (SCKCEN)
2Royal Meteorological Institute of Belgium
3Radiation Protection Bureau, Health Canada

Inverse modelling allows to determine source parameters of an atmospheric release of radioactivity
by combining atmospheric transport modelling and airborne radionuclide measurements in a statis-
tically coherent manner. A series of inverse modelling experiments will be conducted using real-
world Xe-133 observations from the International Monitoring System and the Forensic Radionuclide
Event Analysis and Reconstruction tool to determine the (known) source parameters of the former
medical isotope production facility CNL. The purpose of these experiments is to establish a baseline
for source reconstruction from which new settings, new data, and/or new methods can be easily
tested. Testing can include, but is not limited to: (i) different source parameterizations, (ii) different
optimization formalisms, (iii) applying background-corrected Xe-133 observations and (iv) different
atmospheric transport model input. In this study, the inverse modelling baseline will be presented
together with a series of tests. A set of metrics for evaluating inverse modelling will be explored
which will allow us to compare the performance of experiments with the baseline.

O3.6-769 – Performance Evaluation of Radioxenon Isotopic Ratio Flags and
Possible Optimizations

Authors: Emily Gordon1; Abdelhakim Gheddou2; Jolanta Kusmierczyk-Michulec2; Boxue Liu2; Michael Schoepp-
ner3; Martin B. Kalinowski2

1The University of Texas at Austin
2CTBTO Preparatory Commission
3University of Natural Resources and Applied Life Sciences (BOKU)

In the context of CTBT verification, radioxenon ratios can be used to discriminate between nuclear
weapons domain signatures and nuclear facilities as plausible sources of the observed atmospheric ra-
dioactivity. This discrimination is accomplished by setting a screening flag threshold beyond which
a radioxenon sample can be considered as being possibly of relevance from a nuclear explosion
monitoring perspective. The goal of this study was to evaluate the currently implemented method
for setting screening flag thresholds and to explore potential enhancements. First, a data set was
analysed comprising approximately 35 000 samples of International Monitoring System (IMS) ra-
dioxenon data. Using activity concentrations and reported uncertainties, the ratios Xe-135/Xe-133,
Xe-133m/Xe-133, Xe-133m/Xe-131m and Xe-133/Xe-131m were quantified for each IMS sample us-
ing two different methods for handling uncertainty and three different confidence intervals. The sets
of obtained ratios were then used to determine new thresholds based on three different false positive
rates. To test the performance of each screening flag, signatures of a hypothetical explosion were
combined with observations from IMS samples and the resulting radioxenon ratios were compared
to the newly established threshold. The detection rate for each of the 18 screening flag threshold
calculation methods was quantified to enable the selection of the most suitable method.

P3.6 Analysis of radionuclide monitoring data

P3.6-066 – Compilation of the Latest Evaluated Decay Data for the CTBT Rel-
evant and Background Radionuclides for γ ray Spectrometry

Author: Chushiro Yonezawa1
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1Japan Institute of International Affairs

The CTBT-relevant radionuclides were selected using decay data from around 1998 to 2000. Now,
about 22 years after the selection, we have available evaluated decay data that are even more reliable
than they were at that time. The latest evaluated decay data (half-lives, decay modes, γ-ray energies,
and their emission rates) for the CTBT relevant 96 radionuclides and background 49 radionuclides in
γ-ray spectrometry such as particulate monitoring were compiled. For the data compilation, decay
data evaluation project (DDEP) data, which contains the latest evaluated data for radionuclides with
high applicability, and evaluated nuclear structure data file data for radionuclides without DDEP data
available were used. The comparison of the compiled data set and the data used for the selection
of the CTBT-relevant radionuclides showed relative differences of up to 36 % for the main γ ray
emission rate, up to 10 % for the half-life, and up to 0.1 % for the main γ ray energy. In addition to
CTBT-relevant and background radionuclides, a compilation of γ ray data for 18 radionuclides used
for calibration and quality control measurements of γ ray spectrometer was also prepared.

P3.6-095 – A New Method for Analysing Daily Quality Control: Beta-Gamma
Spectra for Checking Energy Calibration

Authors: Dobrynya Timofeev1; Nikolay Sidorov2

Co-author: Maksim Orlov1

1All-Russia Research Institute of Automatics named after N.L. Dukhov (VNIIA)
2Dukhov Automatics Research Institute (VNIIA)

The radioxenon system gain stability is critical to provide accurate measurements of the activity.
There are several different methods for processing daily quality control (QC) beta-gamma two-
dimensional (2-D) spectra for checking energy calibration. Fitting to a template seems the most
correct method for monitoring the calibration stability. The possibility of using a template for a 2-D
spectrum has been investigated. The template is created using locally weighted scatterplot smooth-
ing (LOWESS) of a 2-D LONG QC spectrum (a histogram). It is necessary to smooth out the LONG
QC spectrum histogram. Daily fitting of the template to the QC spectrum using the weighted least
squares method gives the “tweaking” factors of the gain shift. A number of calculations have been
carried out based on the results of measurements of the MIKS QC source (Cs-137 and Ba-133). Differ-
ent approaches have been compared. The template-fitting method provides the most stable results
even with poor statistics.

P3.6-099 – Identical Mother and Daughter Radionuclides Related to CTBT for
Improving the Detection of a Nuclear Event

Author: Sara Azimkhani1

1Atomic Energy Organization of Iran (AEOI)

One of the most important issues in radionuclide monitoring technology is the analysis of radionu-
clide data of the International Monitoring System (IMS). The number and concentration rate of
CTBT-relevant detected radionuclides determine the possibility of a nuclear event occurrence in ra-
dionuclide monitoring. Fission and activation products being on the standard list of CTBT-relevant
radionuclides, decay to nuclides which are stable or unstable. Some of these radionuclides decay
to radionuclides which are also among the 83 CTBT relevant radionuclides. Considering the differ-
ent decay reactions of these radionuclides in mother or daughter states, estimating zero time of a
nuclear event can be improved by discriminating these two decays. In this study, CTBT-relevant
fission radionuclides that decay to unstable radionuclides, which are among the 83 CTBT-relevant
radionuclides, are the focus and their decays over time are investigated using Bateman equations
in mother and daughter, and the combination of these states. Then, the ratio of concentration of
intended radionuclides to fission radionuclides are obtained for two scenarios including radionu-
clides detection in daughter state or combination of mother and daughter. Finally, the occurrence
probability of nuclear event and its time are evaluated in these two scenarios.
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P3.6-211 – Radioxenon Uncertainty Model

Author: Matthew Cooper1

Co-authors: Brittany Abromeit1; Daniel Keller1; Michael Mayer1; Ryan Wilson1

1Pacific Northwest National Laboratory (PNNL)

Measuring radionuclide releases from underground nuclear explosions is extremely challenging
given the likely low release and increasing background releases. This becomes even more chal-
lenging when measurement uncertainties are not fully understood and can make decisions based
on measurements questionable. The work presented here will lay out a holistic uncertainty model
that includes terms ranging from the initial detector calibration to physics constants to counting
statistics. The uncertainty framework is applicable at low counting statistics near or at background
levels and, although the uncertainty framework is based upon United States developed systems, it
will be applicable to a broader range of systems.

P3.6-274 – Long Term Radioxenon Detector Background: First-year results

Authors: Johnathan Slack1; Matthew Cooper1; Michael Mayer1; Rose Perea1

1Pacific Northwest National Laboratory (PNNL)

Environmental radioxenonmeasurements for nuclear explosionmonitoring use the net countmethod
to determine activity concentrations and rely on detector sensitivities for each of the radioxenon
isotopes. This method requires that a detector background measurement be made to account for
environmental radioactivity and is only performed during the initial install or during a recalibration.
Currently, there are no other standards for how often the detector background should be updated.
We report on first-year observations of the backgrounds. The count rate of individual detectors and
coincidence counts provide an important metric for identifying anomalies and the causes that could
impact both the minimum detectable concentration of the system and the accuracy of the activity
concentration measurement.

P3.6-372 –ReconstructingRadioxenon Sources in aHighBackground Environ-
ment

Author: Matthew Goodwin1

Co-author: Daniel Chester1

1Atomic Weapons Establishment (AWE) Aldermaston

Isotopes of radioxenon are prevalent in the atmosphere and present a “background” signal which can
make radioxenon detection analysis and event reconstruction analysis more difficult. In recent years
advances in software have allowed for Bayesian reconstruction techniques to be applied to radionu-
clide detections to determine the source parameters. This work focusses on the effort to reconstruct
radioxenon sources amongst a high background signal using novel event analysis techniques and
inverse atmospheric transport modelling simulations. Here we define a background signal based on
estimated nuclear reactor releases, combine a “real” signal, then reconstruct the source parameters
using a software tool known as FREAR.

P3.6-402 – Comparison of Methods for Analysis of Radioxenon Beta-Gamma
Coincidence Spectra Using MIKS Data

Authors: Dobrynya Timofeev1; Maksim Orlov1; Nikolay Sidorov2

1All-Russia Research Institute of Automatics named after N.L. Dukhov (VNIIA)
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2Dukhov Automatics Research Institute (VNIIA)

There are several methods for analysis of radioxenon beta-gamma coincidence spectra. The most
important approaches to estimating the activity using beta-gamma coincidence spectra are the Net
Count Calculation (NCC) and the Standard Spectrum Method (XeMat and ROI simultaneous fitting
method). Within these approaches, algorithms differ in many ways and can provide different esti-
mates of the activity. A comparison of different methods and algorithms has been carried out in this
study. Activity and MDC calculations using different methods were performed and the results were
compared. Evaluations have been made using real data from the MIKS. It has been shown that if the
count rate is high, all methods are consistent and similar, but if the statistics are poor, simultaneous
fitting and matrix algorithms using a priori information are preferable.

P3.6-412 – Investigating how SRS Fields can be used for Identifying Samples
that may have Received Radioactivity from the Same Release Event as a Level
5 Sample

Author: Yuichi Kijima1

Co-authors: Robin Schoemaker1; Boxue Liu1; Joshua Kunkle1; Anne Tipka1; Jolanta Kusmierczyk-Michulec1; Mar-
tin B. Kalinowski1

1CTBTO Preparatory Commission

Samples from InternationalMonitoring System (IMS) stationswhich containmultiple CTBT-relevant
radionuclides with abnormal activity concentrations (Level 5 for particulates) are sent to IMS ra-
dionuclide laboratories for further analysis. Since a reanalysis of spectra at IMS radionuclide lab-
oratories might enhance the reliability of analysis results, it is proposed to investigate a method
that can be used to identify potentially associated samples (that are most likely not categorized
as Level 5) at the same or at neighbouring stations that may have received radioactivity from the
same release event as the Level 5 sample. We investigate the methods to associate the Level 5 sam-
ples at an IMS station with the other samples at the same and at neighbouring stations using the
source-receptor sensitivity (SRS) fields produced routinely for each sample by atmospheric transport
modelling (ATM). This investigation can help to determine a suitable method for adding associated
samples to the Standard Screened Radionuclide Event Bulletin (SSREB) of a Level 5 sample. This
method can also be used to implement the triggering condition for sending samples to IMS radionu-
clide laboratories which may contain radioactivity from the same release event.

P3.6-414 – Investigation on SampleAssociationUsingDecayConsistencyAnal-
ysis for Consecutive Level C Samples and Prior/Post Level B Samples

Author: Yuichi Kijima1

Co-authors: Robin Schoemaker1; Boxue Liu1; Joshua Kunkle1; Anne Tipka1; Jolanta Kusmierczyk-Michulec1; Mar-
tin B. Kalinowski1

1CTBTO Preparatory Commission

For the enhancement of International Data Centre products, specifically, the Standard Screened Ra-
dionuclide Event Bulletin (SSREB), an important step is to establish methods to associate the detec-
tions of CTBT-relevant nuclides in different samples with the same release to characterize its source
for the purpose of nuclear explosion monitoring. Episodes of anomalous activity concentrations at
the International Monitoring System (IMS) radionuclide stations are the first guess for being related
to the same release. For multiple isotope observations, the consistency of their isotopic ratios in sub-
sequent samples with radioactive decay is another plausible hint for one unique release. We show
case studies of consecutive Level C samples and prior/post Level B samples used to demonstrate the
effectiveness of sample association, whereas atmospheric transport modelling (ATM) is applied to
identify the air masses that link the release to multiple samples. This approach forms the stepping
stone to defining analysis procedures and criteria for automatic sample association for the SSREB,
which is relevant for expert technical analysis.
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P3.6-421 – Isotopic Ratio Distributions of Radioxenon at International Moni-
toring System Radionuclide Stations Using Emissions from Nuclear Facilities
with Decay Correction Based on the Atmospheric Transport Time Distribu-
tions Between These Facilities and Stations

Author: Yuichi Kijima1

Co-authors: Robin Schoemaker1; Boxue Liu1; Joshua Kunkle1; Anne Tipka1; Jolanta Kusmierczyk-Michulec1; Mar-
tin B. Kalinowski1

1CTBTO Preparatory Commission

The isotopic ratios of radioxenon can be useful for discrimination betweenCTBT-relevant radioxenon
detections and civil nuclear facilities. In this presentation, the isotopic ratio distributions of emis-
sions from the civil nuclear facilities, are evaluated first in order to test and demonstrate this method-
ological approach. Second, the source-receptor sensitivity fields calculated operationally with atmo-
spheric transport modelling are utilized to determine the atmospheric transport time distributions
between these facilities and the International Monitoring System (IMS) radionuclide stations. Then,
the isotopic ratio distributions that can be expected for measurements at IMS stations can be calcu-
lated by folding these two kinds of distributions (emission and atmospheric transport time) while
applying the radioactive decay equations. Finally, we compare these calculated isotopic ratio distri-
butions of measurements at IMS stations with the real isotopic ratio distributions of measurement
at IMS stations. This investigation can help to develop methods for screening by distinguishing be-
tween normal (based on known sources) and anomalous isotopic ratios. It may also be useful for
discrimination between CTBT-relevant radioxenon detections and estimated observations based on
emissions from known nuclear facilities as part of the effort of developing a Xenon Background
Estimation Tool (XeBET).

P3.6-453 – Sensitivity Analysis of Activity Concentrations to Effective Sample
Position in International Data Centre Products Using the Monte Carlo Simu-
lation

Author: Seokryung Yoon1

Co-authors: Jonathan Bare1; Carla Maria Salgueiro Pires Winter1

1CTBTO Preparatory Commission

The International Monitoring System radionuclide particulate systems of the CTBTO network are
equipped with one of the following three system types: CINDERELLA, RASA and manual. Each sys-
tem commonly involves sampling, decaying and acquisition processes. Whereas the entire processes
are automatically conducted in both the CINDERELLA and the RASA systems, ensuring high repro-
ducibility of the measurement geometry, manual systems require human interventions. During the
acquisition process, specifically, the decayed sample is manually placed on the detector endcap by
operators. Since a sample holder is not necessarily used at the stations, the repeatability of the mea-
surement geometry can be compromised by the mispositioning of the sample, with the consequence
of introducing bias in the calculated activity concentrations. This study aims at investigating the
impact of variations in the sample positioning on the calculated activity concentrations of radionu-
clides in measured samples, using Virtual Gamma Spectroscopy Laboratory (VGSL), a Monte Carlo
based simulation tool. Possible scenarios were simulated to investigate whether variability in sam-
ple positioning has a noticeable impact on the isotope quantification reported in International Data
Centre products.

P3.6-481 –DevelopmentsToward aRadionuclide EventComputational Pipeline

Author: Brian Schrom1

Co-authors: Ramesh Sarathi1; Harry Miley1; Paul Eslinger1
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1Pacific Northwest National Laboratory (PNNL)

A new goal for radionuclide monitoring is inspired by what is done with waveform processing, to
automatically create a radionuclide event bulletin, synthesized from multiple measurements across
the radionuclide network. Network measurements are sequentially processed through detection,
association, and finally assimilated in an event, which is then documented within a bulletin with
supporting data products, ready for an analyst to review. The progress on this development will be
reported.

P3.6-538 –Neural-NetworkBased IsotopeEstimationwith SimultaneousCurve
Fitting

Author: J.R. Powers-Luhn1

Co-authors: Matthew Cooper1; Michael Mayer1

1Pacific Northwest National Laboratory (PNNL)

Radioxenon is used to identify underground nuclear explosions by quantifying the amount and iso-
topic ratios of Xe-135, Xe-133, Xe-133m, and Xe-131m. Determining these concentrations requires
knowledge of the detector performing the measurement and the accurate attribution of each mea-
sured decay. The current standard for estimating the activity concentration employs a beta/gamma
coincidence histogram combined with 7 or 10 rectangular regions-of-interest (ROI). These ROI are
specific to the detector type, based on the energy resolution and efficiency of the detector. We
present an alternative method of count attribution which employs neural networks trained on simu-
lated data to generate probabilistic assignment for each detected count. These networks are physics-
informed and employ gaussian curve fitting to closely model the expected behavior of radiation
detectors. This reduces the parameters (hundreds compared to hundreds of thousands in related
work) and maintains explainability of the results. Our work demonstrates a method of incorporat-
ing machine learning into radioisotope detection that does not require faith in a black-box model.

P3.6-560 – GRANDSim: A Geant4 Based Simulation Software for Detectors in
use at CTBTO Radionuclide Particulate Systems

Author: Abdelhakim Gheddou1

Co-authors: Martin B. Kalinowski1; Jonathan Baré1; ArendHarms1; JanaMeresova1; Eric Jilbert NguelemMekongtso1;
Carla Maria Salgueiro Pires Winter1; Jun Wang1; Seokryung Yoon1

1CTBTO Preparatory Commission

TheCTBTO International Data Centre (IDC) developed a novel Geant4 basedMonte Carlo simulation
software for HPGe detectors in use at particulate systems of the International Monitoring System
(IMS). The software, dubbed GRANDSim (an acronym for Geant4-based RAdioNuclide Detector Sim-
ulation tool), allows to simulate both coaxial and planar detectors, and includes default definitions of
standard measurement geometries and shielding configurations of the three technologies operated
at IMS particulate systems. The software simulates efficiency calibration, isotopic response function
and coincidence summing correction factors for any natural and anthropogenic radionuclides of
interest. The physical model is automatically optimized by constraining simulation results against
experimental calibration for non-summing energies.
Simulated entities are used as support parameters in the automatic processing of daily spectra from
IMS for: (a) improving the quality of efficiency calibration (by including coincidence summing cor-
rections), (b) enhancing the nuclide identification results (by including summation peaks) which
reduces the workload on analysts in interactive mode, and (c) ensuring reliable activity concentra-
tion results by including required coincidence summing corrections when applicable. In addition,
GRANDSim simulates gamma spectra for mixtures of radionuclides with any activity concentra-
tions.
The contribution presents the key features of GRANDSim for HPGe detectors in use at particulate
systems.

Page 161



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

P3.6-608 – Method Validation for Using the Best Fitting Parameters in Simu-
lating the Source Term of Radioxenon Generated by Neutron Activation

Author: Pouneh Tayyebi1

Co-author: Martin B. Kalinowski2

1Nuclear science and technology research institute, NSTRI
2CTBTO Preparatory Commission

Recent studies emphasize neutron activation as a source of radioxenon emission which needs to be
considered as contributing to the atmospheric radioxenon background. Since activation products
have different isotopic ratios than radioxenon from fission, taking activation into consideration im-
pacts on the determination of the origin of radioxenon detected by the International Monitoring
System. The parameters that need to be used for simulations of the activation source include the
neutron energy spectrum, the activation cross-section, neutron flux, irradiation time and retention
time. Any difference in these parameters changes the resulting isotopic ratios. In this presentation
all these parameters are investigated and the most suitable of them are introduced for future studies.

P3.6-658 – STAX Data Viewing Software

Author: Matthias Auer1

Co-authors: Kevin Frechette1; Mihaela Rizescu1; Sidney Hellman2

1Instrumental Software Technologies, Inc. (ISTI)
2Instrumental Software Technologies, Inc.

For the Source TermAnalysis of Xenon (STAX ) project an experimental network tomeasure releases
of radioxenon isotopes at the stack of nuclear facilities is being set up. The data are transmitted to a
central server, where authorized users can retrieve raw data from the STAX server or can view the
data via a web browser. In this presentation an overview on the various interactive data viewing
tools of the STAX software is given. The STAX software provides a dashboard overview of the
operational status of the network and chart interfaces to view state of health data and isotope release
data. Isotope release data can be viewed as time series of emissions or as isotopic ratio plots. For
each individual data point, raw data can be downloaded from the data chart and the corresponding
gamma spectrum can be viewed. Using results from atmospheric transport modelling (ATM), either
in forward or backwardmode, concentrations at InternationalMonitoring System (IMS) radionuclide
stations can be simulated in order to estimate the impact of emitting facilities on the concentrations
measured at IMS stations.

P3.6-661 – Development of a Radionuclide Expert Technical Analysis Software
Based on IsotopicRatios forCharacterization ofCTBT-RelevantNuclear Events

Author: Boxue Liu1

Co-authors: Robin Schoemaker1; Yuichi Kijima1; Martin B. Kalinowski1; Joshua Kunkle1

1CTBTO Preparatory Commission

Thepurpose of a radionuclide expert technical analysis (ETA-RN) is to assist States Parties to identify
the source of a specific event. The output of an ETA-RN is a State RequestedMethods Report (SRMR),
which builds on routinely generated results from standard International Data Centre products like
the radionuclide reviewed report and radionuclide laboratory report. The various functionalities
in this ETA-RN software suite are all based on isotopic ratios detected in samples collected at In-
ternational Monitoring System (IMS) network. The analysis modules include the event definition
based on radioxenon detections at IMS radionuclide stations, calculations of isotopic ratios using
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different methods, sample association based on consistency analysis of isotopic ratio evolution, sim-
ulations of release scenarios using Bateman equations, event discrimination based on relationship
plots of four/three radioxenon detections, event timing using a function of isotopic ratios over time
and SRMR generation. These functionalities are demonstrated via typical case studies, such as an-
nounced DPRK2013 events, consecutive Level C samples, and observations during the Fukushima
nuclear disaster. In this presentation, we outline the status of the software development as well as
analysis methods related to isotopic ratios.

P3.6-718 – A Possible Statistical Approach to Address the Issue of Anomalous
Values of Activity Concentrations

Authors: Giuseppe Ottaviano1; Antonietta Rizzo1; Michele Scagliarini2

1Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA)
2Bologna University

One of the main challenges for the Comprehensive Nuclear-Test-Ban Treaty Organization verifi-
cation regime is to be able to discriminate anomalous signals generated by underground nuclear
explosions (UNEs) from those generated by other sources like medical isotope production facilities
(MIPFs) and nuclear power plants (NPPs). The general method can consist in a procedure starting
with the assessment of activity concentration’s “anomalous values” and ending with the proper in-
terpretation of the isotopic ratios. The first step to achieve this goal should be to establish a proper
definition of activity concentration’s “anomalous values”. A possible statistical approach to address
the issue of activity concentration’s “anomalous values” against atmospheric background and to con-
sequently suppose a proper definition of activity concentration’s “anomalous values”, is suggested
by the Italian National Data Centre – Radionuclides to accomplish the purposes of the CTBTO veri-
fication regime.

P3.6-723 –ACalibrationProcedure ofBeta-GammaCoincidenceMeasurements
in the InternationalMonitoring SystemNetworkUsing fourRadioxenon Spikes

Authors: Boxue Liu1; Martin B. Kalinowski1

Co-authors: Richard Britton1; Seokryung Yoon1; AshleyDavies1; NikolausHelmutHermanspahn1; Herbert Gohla1;
Jonathan Bare1; Peter Jansson2

1CTBTO Preparatory Commission
2Swedish Defence Research Agency (FOI)

Activity ratios of CTBT-relevant isotopes can be used to discriminate nuclear explosion sources from
releases of nuclear facilities and to determine the detonation time under assumed scenarios. The net
signals of radioxenon isotopes and their associated uncertainties are estimated by the net count cal-
culation (NCC) method. An alternative approach is the regression analysis such as the least squares
fitting, enabling the deconvolution of X ray contributions from radioxenon isotopes and radon, espe-
cially for complicated spectra and low count level. The determination of the concentrations of these
isotopes relies on a robust calibration method. This paper outlines a combined calibration procedure
based on four radioxenon spikes. The output of the beta-gamma detector system can be read out as
three measurement channels: beta-gamma coincidences, beta singles and gamma singles. All three
channels detect the same number of radioactive decays in 4π measurement geometry. The detection
efficiencies are determined by comparison among the numbers of counts from three measurement
channels, without the need for a reference value of radioxenon activity. In this work, the activity
values of radioxenon standard sources are estimated based on the NCC method first, then used for
calibration of the regression analysis method.

P3.6-740 – Updated 2014 Radioxenon Observations at International Monitor-
ing System Stations – Comparison with the 2014 Baseline
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Author: Abdelhakim Gheddou1

Co-author: Martin B. Kalinowski1

1CTBTO Preparatory Commission

Normal operational releases of radioxenon make the discrimination between radioxenon detections
from civil nuclear applications and from nuclear testing a very complex task.
The objective for the short tomedium term is to develop algorithms and tools that facilitate the under-
standing of the background. The longer term vision is to eventually develop robust methodologies
for explaining to what extent radioxenon detections at International Monitoring System (IMS) sta-
tions can be explained based on the impact of civil sources. In this regard, observed radioxenon
activity concentrations at the IMS noble gas sites in 2014 have been further reviewed. The update
involved offline reprocessing of the spectral data from all beta-gamma coincidence based systems
using the new configuration of net count calculation (NCC), which reduced the rate of false positives
of Xe-131m, Xe-133m and Xe-135. This presentation compiles achieved results for observations at
IMS stations. The statistical analysis of simulated vs. observed data is repeated and compared with
the 2014 baseline that was set in a previous published study (Gueibe et al., 2017). In addition, the
new dataset has the potential to be used in other research areas, such as radioxenon isotopic ratio
studies.

P3.6-886 – Automatic Analysis of Two-Dimension Coincidence Spectra

Authors: Anthony Der Mesrobian-Kabakian1; Hugues Paradis1

Co-authors: Antoine Cagniant1; Olivier Delaune1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

Recent developments of noble gas systems include new detector technologies. They exhibit very low
background count rates. In this case, radioxenon signal as low as a few counts per day is expected.
Therefore, for such low count measurements, classical Currie law estimation for measurement de-
tection threshold and detection limits are not accurate enough. In this context, the CEA/DAM imple-
mented several algorithms (matrix inversion, iterative process) and keeps on the effort to improve
the data analysis with innovative tools, such as spectral unmixing. Due to low statistics, it is not
convenient to test and to compare these algorithms on measured low level spectra of radioxenon,
therefore a Monte Carlo simulated database of spectra was generated, for several detection config-
uration (high resolution beta/gamma spectra, low resolution gamma/high resolution beta spectra,
and low resolution beta/gamma spectra). To optimize the analysis of this database, the spectral un-
mixing algorithm was ported on Graphic Processing Units (GPU), leading to a drastic decrease in
computation time and allowing for the processing of large simulated data sets in a reasonable time
frame.
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O4.1 Performance evaluation of the InternationalMonitoring Sys-
tem and On-Site Inspection and their components

O4.1-051 – The Use of In Situ Calibration for Real Time Infrasound Station
Monitoring and Improved Wave Parameter Determination

Author: Samuel Kristoffersen1

Co-authors: Alexis Le Pichon1; Franck Larsonnier1; Michaela Schwardt2; Paul Vincent1

1Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
2Federal Institute for Geosciences and Natural Resources (BGR)

Many different uncertainty sources can contribute to errors in the infrasound wave parameter (az-
imuth, trace velocity, amplitude) estimation. It is important to both understand how these sources
can effect infrasound measurements, and how to minimize their effects on the infrasound measure-
ments. One such a source is the detector, which comprises the wind noise reduction system and
the microbarometer. A comprehensive uncertainty analysis was performed to better understand
how the detector uncertainty affects the wave parameter estimation using the time delay of arrival
(TDOA) algorithm, such as that used by the Progressive Multi-Channel Correlation (PMCC) algo-
rithm. An in situ calibration of the detector was performed using a co-located reference sensor and
the ambient signals that are observed at the site. This in situ calibration can be used to monitor
the status of the detectors, and provide feedback to the station operators. In addition, the calibra-
tion results were used to provide corrections to the raw signal data for retrieval of the corrected
wave parameters. Experiments were performed at the IS26 site using a temporary WNRS to provide
quantitative measurements of the effects of the WNRS and its calibration on the wave parameter
estimation. These were compared to the IS26 measurements, demonstrating that accurate measure-
ments can be retrieved using the calibration.

O4.1-316 – Detection Capability Improvement of MNDC in the last Ten Years

Author: Bayaraa Jargalsaikhan1

Co-author: Ulziibat Munkhuu1

1Institute of Astronomy and Geophysics (IAG), Mongolian Academy of Science (MAS)

In 1957, the international geophysical year, the very first seismic station was installed in Mongolia
and seismic monitoring started from then on. TheMongolian Seismic station number of IAG of MAS
has been increasing year by year, especially in the last 10 years after the transition to a digital station
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for the old seismic station. In 2013 new stations, such as eight broadband stations, five short period
stations and 12 accelerometer stations were newly installed in theMongolian territory. The detection
capability and location accuracy of Mongolian seismic network has been increasing noticeably. A
seismicity of Mongolia is recorded byTheMongolian Seismic Network. A sparse network at present
and determining and improving detection capability and location accuracy of the Mongolian Seismic
Network is important for seismic event detection in Mongolia. We will present detection capability
improvement in last 10 years of MNDC in this poster.

O4.1-479 – Fuzzy Rule Based Expert System for Seismic Stations Data Quality
Analysis

Author: Mahmoud Salam1

1National Research Institute of Astronomy and Geophysics (NRIAG)

Analysis of the seismic data quality provides a vital tool to identify seismic station problems. Tim-
ing accuracy, completeness, and ambient noise levels are considered as key data quality parameters.
Variation in seismic station noise level and their deviation from a global noise model affects the ca-
pability of seismic event detection. Microseismic noise at a station is expressed by the power density
spectra (PSD)and the ambient noise probability density function (PDF). Seismic network operators
review data quality by visual inspection of the PSDs periodically, since the data quality might change
over time. This process is subjective and demands a significant amount of time and considerable ex-
perience. A reliable automatic evaluation task makes quality control faster and more objective. This
study aims to develop a fuzzy rule based expert interpretation system that can imitate human reason-
ing and incorporate the operator’s knowledge of seismic data quality. Using features extracted from
PSDs and PDFs, the categorization system was built based on fuzzy interpretability rules. Results on
real seismic station data showed the robustness of the interpretation and its capability to be a part
of the routine seismic network operation.

O4.1-582 – A Web Based Version of Threshold Monitoring for Near Real Time
Estimation of International Monitoring System Detection Capability

Author: Tormod Kværna1

Co-authors: HåkanBolin1; Mathias Johansen1; Thibault Arnal2; Tina Kaschwich1; Helmuth Breitenfellner3

1Norwegian Seismic Array (NORSAR)
2CTBTO Preparatory Commission
3Former CTBTO Preparatory Commission

The primary seismic network of the International Monitoring System (IMS) forms the backbone
of the CTBT verification regime. Consequently, the performance of the network needs to be docu-
mented. A key parameter in this respect is the event detection threshold which can vary significantly
with time during situations such as high station noise levels, large earthquakes or outages of key
stations. NORSAR has in cooperation with International Data Centre (IDC) staff developed a web
based tool for enhanced analysis and presentation of detectability maps based on the threshold moni-
toring methodology. Key elements of the application are: display of absolute and relative thresholds
maps for time intervals selected by the user; options for setting of colour scales, contour levels and
magnitude scales and analyses of detection thresholds for any user selected geographical area. The
primary users of the web tool are National Data Centres, the CTBTO Preparatory Commission and
other authorized users having access to IMS data and IDC products. We will demonstrate the func-
tionality of the system and show examples of absolute and relative detection thresholds at global,
regional and local scales.
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P4.1 Performance evaluation of the InternationalMonitoring Sys-
tem and On-Site Inspection and their components

P4.1-043 – Evaluation of the Event Detection Level of the Cuban Seismic Net-
work

Author: Eduardo Rafael Diez Zaldivar1

1Cuban National Centre for Seismological Research (CENAIS)

The detection level of a seismic network is the ability to estimate the level of detection and have a
tremendous importance both in the design of a new network and in determining whether a given
network can recognize seismicity consistently, or needs to be improved in some way. We deter-
mine the detection level of the Cuban seismic network using the empirically estimated seismic noise
spectral level at each station site and some theoretical relationships. The minimum local detectable
magnitude thus depends on some network parameters such as the signal to noise ratio and the num-
ber of stations used in the calculation. We also demonstrate the effectiveness of our predictions by
comparing the estimated detection level with those empirically determined from one year of data of
the Cuban seismic catalog. Our analysis shows, on the one hand, which areas the current Cuban net-
work should be improved, also depending on the regional pattern of faults, and, on the other hand,
indicates the magnitude threshold that can be assumed homogeneously for the catalog of Cuban
earthquakes in 2020.

P4.1-079 – Alert System to Detect International Monitoring System Station
Outage at the National Data Centre Madagascar

Author: Mamiharijao Rambolamanana1

Co-authors: Fanomezana Randrianarinosy1; Ralay Tiana Razafiarisera1; Tahina Rakotoarisoa1

1Institute and Observatory of Geophysics of Antananarivo (IOGA)

In the framework of application of Comprehensive Nuclear Test Ban Treaty, 371 facilities run across
the world to form the International Monitoring System. Madagascar hosts two of these stations,
I33MG an infrasound station and AS61, an auxiliary seismic station. These two stations need to
operate continuously to detect any nuclear test. To minimize downtime during an eventual outage,
the National Data Centre Madagascar via its local operator team developed an alert system using
Raspberry Pi and a GSM module. In case of an outage of up to 30 minutes, the system sends an SMS
via local operator to the team showing the last received frame and the team start to solve the issue.

P4.1-120 – Integration of SeisComPQuality Control Data and Datalogger State
of Health information in Zabbix

Author: Wilson Acero1

1Instituto Geofísico de la Escuela Politécnica Nacional (IGEPN)

TheGeophysical Institute in Ecuador uses SeisComP for acquisition of waveforms of around 150 seis-
mometer and accelerometer stations. SeisComP has several modules (SCQC, SCQCV, etc.) that allow
the operator to check the quality of the waveforms acquired, nevertheless the module’s interfaces
could be difficult to use and not very interactive. For easy access to the information of waveform
quality control (QC), we developed SCZABBIX, an open source Python module, that sends the QC
information created by SCQC to a Zabbix server so we can leverage on the whole set of tools pro-
vided by the open source software Zabbix, like interactive graphs, thresholds, triggers, alerts, etc.
This allowed operators to detect problems in transmission, estimate parameters like data availabil-
ity, ping response time, latency, etc. in a quick and flexible way for historical or real time data.
Additionally, we developed SOH_ZABBIX, which are some Python modules that capture state of
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health information from dataloggers likeQuanterra, Reftek, etc. and send it to Zabbix so we can test
its new triggers for automatic anomaly detection and determine if they could be used to anticipate
problems related to battery, temperature, use of disk, etc.

P4.1-240 – International Monitoring System Station Performance Over Time
Using Reported Parametric Data from the International Seismological Centre
Bulletin

Author: Ryan Gallacher1

Co-authors: Dmitry Storchak1; Natalia Poiata1; Tom Garth1

1International Seismological Centre (ISC)

Many of the primary and auxiliary seismic stations of the International Monitoring System (IMS)
have been in operation for more than 20 years. Tracking changes in station performance for this
duration can prove challenging, requiring continuously reported data across the time period. Us-
ing phase picks reported to the International Seismological Centre (ISC) it is possible to evaluate
historical changes in individual stations performance. Metrics which are used to track changes at
the stations include; average monthly travel time residuals, evaluation of travel time residuals by
distance and hypocentre location and comparison of reported polarities with available earthquake
mechanism solutions. These metrics can indicate when a station polarity was inverted or highlight
an improvement in travel time residuals occurring over a short time period. We will show how
best to access this information using the CTBTO link to the ISC database and highlight historical
examples of changing station performance. Additionally, where station response files are publicly
available for IMS stations we will demonstrate independent response file checks currently being
developed by the ISC.

P4.1-249 – Evaluation of Accelerograph Data Quality System Based on Ma-
chine Learning on Seismic Networks in Indonesia

Author: Kurniati Retno Dewi1

Co-author: Angga Wijaya1

1Indonesian Agency for Meteorological, Climatological and Geophysics (BMKG)

An analysis of the quality of accelerograph data has been carried out from 669 station locations. This
aims tomonitor and evaluate the data quality of accelerograph equipment at theMeteorology, Clima-
tology, and Geophysics Agency (BMKG). Advances in machine learning can mean the ability to di-
agnose or even predict equipment problems so that site visits can be scheduled more cost-efficiently.
The analysis was carried out by machine learning using accelerograph data in Indonesia. The study
compares two machine learning models: accelerograph data analysis using Multilayer perceptron
(MLP) and k-nearest neighbor (KNN). The output of machine learning models consists of two types
of classification, namely four class output data quality in general, namely good condition, fair con-
dition, bad, and off condition, at the output seven class output represents problems with the tool,
such as high noise above the accelerometer noise model, sensor damage, etc. The analysis of the two
models shows that MLP has a balanced accuracy of 85.5%, and KNN has a higher balanced accuracy
of 91.2%. So in this study, a machine learning model was obtained to identify problems with the
accelerograph equipment and evaluate network data quality for observing strong earthquakes due
to seismic waves at BMKG.

P4.1-314 – Progress on the International Data Centre Seismic, Hydroacoustic
and Infrasound Reengineering Project and Station State of Health

Author: Thibault Arnal1

Co-authors: Andrej Tetak2; Helmuth Breitenfellner1; Jaksa Vuckovic3; Jozef Greznar2; Marjan Bugarinovic3; Mau-
rice Billmann3; Vera Miljanovic Tamarit1
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1CTBTO Preparatory Commission
2ATOS/Code2b
3Zühlke Engineering

The International Data Centre seismic, hydroacoustic and infrasound (SHI) reengineering project
began in 2014 with the goal of creating modernized, open-source software for SHI processing, and
improving maintainability and extensibility to the system. Since 2019, the project is under active
development, and the current main area of work is the elaboration of a modernized station state
of health (SOH) system. This system monitors in real time the performance and status of the In-
ternational Monitoring System. The future system is based on the Geophysical Monitoring System
being developed for the US National Data Centre and shared as a voluntary contribution. It is being
extended to address Provisional Technical Secretariat-specific monitoring requirements. This poster
introduces the general architecture and highlights recent progress on the implementation of the new
SOH monitoring features.

P4.1-469 – Evaluation of the International Monitoring System Seismic, Hy-
droacoustic and Infrasound Network Performance with NetMOD

Author: Ichrak Ketata1

Co-authors: Pierrick Mialle1; Benoit Doury1; Bion John Merchant2

1CTBTO Preparatory Commission
2Sandia National Laboratories (SNL)

Simulating and analysing the detection capabilities of the seismic, hydroacoustic and infrasound
networks of the International Monitoring System (IMS) can contribute to the enhancement of the
Treaty’s verification regime and its capabilities. Simulations carried out with the Java-based tool
Network Monitoring for Optimal Detection (NetMOD) allow one to evaluate the overall network
performance of the IMS and assist the International Data Centre (IDC) in continuously monitoring,
assessing, and reporting on the operational status. This quantifies the variations in detection capa-
bility over time and studies the impact of several parameters on the network coverage (e.g. seasonal
variation, weather conditions, station noise levels, outage of key stations, period of large events).
From one side, the results can help to evaluate the resilience of the network in homogeneously
monitoring the globe and assist in analysing events of interest. On the other side, the results can
provide input to the IMS maintenance and recapitalization by assessing the importance of a station
installation or station failure on the overall performance of the network. NetMOD is developed by
Sandia National Laboratories and is provided to the Provisional Technical Secretariat as a voluntary
contribution in kind of the United States.

P4.1-598 – CLFMiner: An Artificial Intelligence, Temporal Data Mining and
Modelling Approach for Monitoring, Exploring and Analysing Continuous
Data, Timeliness, Data Availability and Distribution Process

Author: Shaban Laban1

Co-author: Alexander Sudakov1

1CTBTO Preparatory Commission

The International Data Centre (IDC) receives from stations more than ten gigabytes of raw data
on a daily basis. Most of those data are collected and transmitted as continuous data digitally
signed frames. In normal operations the frames are received in chronological order of their acqui-
sition/detection time. However, some frames may be missed, corrupted, partially delivered or sent
several times. It is vital to Treaty verification to receive the data in a timely manner and that it is
complete. In this paper we propose an artificial intelligence, temporal data mining and modelling
approach for monitoring, exploring and analysing continuous data. The proposed temporal continu-
ous data model is designed using a well defined knowledge based system and inference engine. Also,
with the proposed approach by mining the temporal data contained in the concise list of frames, we
can easily calculate, in an hourly basis or less, the timeliness, data availability and completeness of
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the received data. In addition, it will enable us to discover hidden patterns, evaluate receiving and
forwarding processes, asses the station operation as well as generating distribution performance in-
dicator metrics. The generated results and metrics can be fed to big data tools (e.g. Elasticsearch) as
well as using open source dashboards for data presentation.

P4.1-670 – Enhance Data Quality Control with Interactive Station Monitoring
Tools in the OPS Center

Authors: Rizkita Parithusta Assef1; Ichrak Ketata1

1CTBTO Preparatory Commission

The International Monitoring System (IMS) is a globally distributed network of monitoring facilities
using sensors from seismic, hydroacoustic, infrasound, and radionuclide technologies. The need for
data availability increased the significance of data quality monitoring. This task is addressed through
the creation of a platform for the fast and easy identification of data acquisition problems, as well
as regular activities to ensure that station characteristics meet the requirements of the IMS draft Op-
erational Manuals. The Provisional Technical Secretariat (PTS) has developed a Multi-Technology
Integration Portal ( MuTIP) internal platform with a variety of monitoring tools to facilitate data
quality monitoring. MuTIP facilitates PTS user access to information allowing technical review of
data quality and analysis through the aggregation and representation of technical results from a va-
riety of internal PTS data sets and databases. MuTIP provides information such as station summary
(PSD/PDF, Residual, and Calibration). MuTIP has also interfaced with Grafana (SOH), PRTools, JIRA
instances (IRS, ITS, SHD), CAMT, DOTS, and International Data Centre databases. MuTIP provides
good support for data quality monitoring in terms of troubleshooting (reliability, efficiency, accuracy,
and timeliness) to maintain good station/IMS network performance in daily OPS data monitoring.
Ensuring that the station is operating properly, especially in meeting data (availability, surety, and
quality) requirements.

Team work with IDC OPS colleagues.

P4.1-714 – Scheduled Calibration of International Monitoring System Seismic,
Hydroacoustic and Infrasound Stations

Authors: Yacine Sid Ahmed1; Paola Campus1

1CTBTO Preparatory Commission

Scheduled calibration activities at International Monitoring System (IMS) seismic, hydroacoustic T
phase and infrasound stations are part of the quality control requirements defined in the draft IMS
seismic, hydroacoustic and infrasound Operational Manuals. Depending on the technology used, the
approach for scheduled calibration can be different in some aspects. However, the overall objective
remains the same: controlling the quality of IMSmeasurement systems by comparing their measured
sensitivity and response against their nominal values defined at the time of station certification or
revalidation. Results from calibration activities are reported by the CTBTO to States Signatories on a
yearly basis. This presentation shows processes in place to implement calibration activities, current
and historical calibration results, and associated progress and challenges.

P4.1-722 – Downtime Statistics and Failure Analysis of International Monitor-
ing System Seismic, Hydroacoustic and Infrasound Stations

Author: Yacine Sid Ahmed1

1CTBTO Preparatory Commission
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The International Monitoring System (IMS) is one of the four elements of the Provisional Technical
Secretariat (PTS) verification regime. The seismoacoustic component of the IMS network is com-
prised of seismic, infrasound and hydroacoustic stations participating in the underground, air, and
underwater explosion monitoring. The minimum requirement in terms of data availability for each
station is 98%. This means that each station should be able to send data to the International Data
Center over 98% of the time, regardless of the challenging environment in which they are located.
When an issue occurs at a station, it is discussed through the IMS Report System (IRS). Failure anal-
ysis based on information in the IRS has been performed since Nov. 2011 with the objective of
triggering the required engineering activities, initiating further analysis when needed (root cause
analysis), using trends to anticipate future failures, and verifying that the implemented engineering
solutions led to improvements in reliability. This poster presents historical results on data availabil-
ity metrics, categorization of failures leading to station downtime, and engineering projects aiming
to enhance station robustness to downtime.

P4.1-798 – Revalidation Process for International Monitoring System Wave-
form Technologies Stations

Authors: Adriana Molero Alonso1; Yury Starovoyt1

Co-authors: Sergelen Bazarragchaa; Marian Jusko2; Pavel Martysevich2

1AddProject
2CTBTO Preparatory Commission

Revalidation of International Monitoring System (IMS)stations is a rest assured approach to demon-
strate compliance with IMS minimum requirements for stations that underwent major upgrades or
equipment changes that have caused station response modification. The ConfigurationManagement
Board (CMB) decides on the
need for the station revalidation after the case submission to CMB by IMS Engineering and De-
velopment Section of the CTBTO. Upon completion of the modernization works at the station the
revalidation report is submitted by IMS/ED for review of the Certification Group. The report con-
tent is standardized demonstrating the updated technical specification Table and description of the
testing process. The report is lean on the compliance demonstration in the following areas: noise
study analysis using a newly developed calculator for different equipment settings; station calibra-
tion; testing of the status bit settings; compliance with cd1.1 requirements for data transmission and
data surety aspects; station documentation update and DOTS population. This presentation demon-
strates examples from revalidation reports with a demonstration of the key compliance with IMS
requirements of ever changing technical solutions applied to the station upgrades in recent years.

O4.2 Systems Engineering for International Monitoring System
and On-Site Inspection

O4.2-090 – Optical Fiber Sensor Based Transportable Active Seismic Survey
System Solution to On-Site Inspection

Authors: Qin Li1; Peng Li2

Co-authors: Zhaoli Li1; Zhifeng Wang1; Ye Lang1; Hong Liu3; Jing Yang4; Wei Zhao5; Chenyu Yi4

1Television & Electroacoustic Research Institute
2China Arms Control and Disarmament Association
3Institute of Geology and Geophysics, Chinese Academy of Sciences
4HOPE Investment Development Co. Ltd.
5Beijing Institute of System Engineering
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Active seismic survey, together with aftershock seismic survey, magnetic and gravitational field
mapping and electrical conductivity measurements (Protocol to the CTBT, Part II), are geophysical
detection technology which can contribute jointly to the search logic for the detection of on-site
inspection (OSI) anomalies or artifacts underground. This work presents a system solution to active
seismic survey based on optical fiber geophone arrays, which meets with the technical requirements
of OSI ACT.The system consists of 800 channels (up to 1000 channels) that include three component
seismic geophone working in the frequency band 1-500 Hz (up to 1000Hz). The vehicle engine
driven power system can support several days of operations and storage capacity can support several
days of measurement. Deep learning for denoising based on Fast and Flexible Convolutional Neural
Network (FFCNN) has been applied to weak signal recognition. A user friendly 2-D/3-D human-
machine interactive data interpretation software platform has been developed for data visualization
and analysis. This system is adaptable to any seismic sources, such as explosives, vibroseis, weight
drop and sledgehammers. This system has been tested and verified in field and can be suitable for
future OSI Integrated Field Exercise.

O4.2-369 – Operating Comprehensive Nuclear-Test-Ban Treaty Instrumenta-
tion Under Extreme Tropical Conditions: Examples from Costa Rica

Authors: Esteban J. Chaves1; Evelyn Núñez1; John Bolanos2; Marino Protti1

1Observatorio Vulcanologico y Sismologico de Costa Rica (OVSICORI)
2OVSICORI UNA

Thegeophysical instrumentation of the CTBTworldwide is important for characterizing nuclear and
chemical tests. These observatories have also strengthened the geophysical monitoring capabilities
of solid-earth processes like large earthquakes and volcanic eruptions on Earth. However, assuring
the correct functioning of this instrumentation is hard under extreme conditions of temperature,
humidity, flora coverage and geomorphology of the tropical forest. The site Juntas de Abangares,
Auxiliary Station 25 (JTS ) is an example of the needs and solutions that must be carried out in these
climatic conditions such as the Costa Rican jungle is. We found that developing a redundant infras-
tructure for both, seismic recording and telecommunications (VSAT and cellular modem) allows to
transmit in real time while having a robust backup system. Under extreme conditions the use of UTP
cables for data transmission can generate a long period (120 s) electronic noise that dramatically af-
fects the quality of the data. The replacement of the UTP cables for fiberoptics reduced the effects of
high temperatures and humidity of the tropical climate in the data. Furthermore, the use of external
antennas helped to stabilize data transmission, since current bunker infrastructure decreased the
power of cellular communication and transmission of seismological data.

O4.2-731 – Evaluation and Resolution of Identified Issues at CTBTO Auxiliary
Seismic Stations in Indonesia Based on Incidents Reported over the last five
Years

Author: Destiawan Kriswibowo1

Co-author: Rizkita Parithusta Assef2

1PT. Mindotama Avia Teknik
2CTBTO Preparatory Commission

In Indonesia, the CTBTO auxiliary seismic station network consists of one data center (NDC-BMKG)
and six auxiliary seismic stations. Each station is in a different environmental condition and faces
a unique set of troubleshooting challenges. According to the incident’s history over the last five
years, power and on-site communication issues were prevalent. The implemented troubleshooting
is inadequate and it remains challenging because the issue persists/recurs. To achieve a long term
solution, the station is required to be redesigned and existing equipment must be optimized while
considering all existing constraints.
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P4.2 Systems Engineering for International Monitoring System
and On-Site Inspection

P4.2-029 – Next Generations of the Global Communications Infrastructure:
The Role of Low Earth Orbit Satellites

Author: Fernando Araujo1

1Institute of Electrical and Electronic Engineers (IEEE)

Broadband access and low latency are available globally thanks to the increasing availability of low
earth orbit satellites. There are a variety of geographical locations where the International Moni-
toring System stations are installed that could benefit from this type of service. Maximizing data
availability and simplifying complex infrastructure -normally associated with the deployment of
VSATs- and providing innovative services and applications through broadband availability would
enhance not only transmission of data but also the customer experience available to a station op-
erator in remote regions. Currently, GCI III is moving through its mid life cycle and technology
refreshment; the GCI IV planning will begin in the mid term, with initial deployments within five
years.
Currently there are three constellations of satellites in different degrees of deployment with some
other providers in the planning stage. This paper presents the technology and explores its potential
application in selected remote locations to provide an overview of potential improvements in the
transmission of data. It also provides the possibility of novel applications for station operators that
are typically subject to bandwidth limitations and latency issues.

P4.2-083 – A New Method of Seismometer Orientation Correction via Ampli-
tude and Energy Based Teleseismic Receiver Function Measurements: Test
Case on West Africa and Adjacent Islands Stations

Author: Abayomi Osotuyi1

1University of Science and Technology of China, Hefei, China

Accurate seismic station orientation is important for seismic waveform or particle motion based stud-
ies. Station misorientation has been studied using P wave particle motion and Rayleigh wave arrival
angle, which may be affected by the complexity of earthquake sources. Recently, P wave receiver
function (PRF) using tangential component has been proposed for misorientation estimation. In this
study, two new methods using amplitude and energy based objective functions of both radial and
tangential components of PRF to estimate station misorientations, are introduced. The two methods
are tested using 21 stations in West Africa and adjacent islands, taking into consideration the effect
of the different geologic terrains i.e. islands, coastlines, and inland areas. The difference between the
two methods are investigated, considering the effects of Gaussian factors, back-azimuthal coverage,
number of events, and structural heterogeneities. Both methods produce similar results, which are
consistent with a previous study. However, comparison between radial and tangential components
indicates that results based on radial components are more stable than tangential components which
may be more sensitive to heterogeneities and background noise. Our study suggests that both meth-
ods produce more consistent results for inland stations compared to islands/coastal stations, and
objective functions for radial components are more stable.

P4.2-181 – High Performance Broadband Seismic Station Installations in the
Caucasus and Central Asia

Authors: Robert Woodward1; Kasey Aderhold1

Co-authors: Molly Staats1; Katrin Hafner2; Andrea Chiang3; Robert Busby1; Rengin Gok4; Tea Godoladze5; Ana
Aguiar3; Anna Berezina6; Kevin Mackey7; Daniel Burk7; Josh Stachnik8; Hektor Babayan9; Gevorg Babayan9; Gur-
ban Yetirmishli10; Beimbet Ashirov11; Sobit Negmatullaev12; Natalya Mikhailova13
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The Seismic Network Expansion in the Caucasus and Central Asia (SNECCA) project began in 2019
to upgrade national seismic network capabilities in Armenia, Azerbaijan, Georgia, Kazakhstan, Kyr-
gyzstan, and Tajikistan. The United States participated in this collaboration with support from the
U.S. Department of Energy and Lawrence Livermore National Laboratory. All six countries utilized a
common design concept for broadband station installations. The design consisted of steel- or plastic-
cased postholes (shallow boreholes) with above grade electronics to achieve a robust, secure station
with a well installed sensor. The station design was based on the successful deployment and opera-
tion of several hundred stations in Alaska and western Canada as part of the U.S. National Science
Foundation’s Transportable Array project. Station construction was adapted to the drilling capa-
bilities and infrastructure available in each country. The design objective was to create low noise,
robust, uniform stations that will operate reliably and securely, using a repeatable and consistent
station construction and installation process. In this presentation we will cover the design concept,
realizations of this concept achieved in each country, and preliminary data. The SNECCA project is
implemented through the Seismic Targeted Initiative of the International Science and Technology
Center and the Science and Technology Center in Ukraine.

P4.2-230 – Portable Flexible Solar Charging Pack for On-Site Inspection

Authors: Jing Yang1; Hao Zhong2

Co-authors: Peng Li3; Xin Liu2; Hongxi Zhang2; Haibo Qiu2; Weikang Zhang2; Kun Xia1; Zixi Jia2; Hang Xue1

1HOPE Investment Development Co. Ltd.
2China Electronics Technology Energy Group Co., Ltd.
3China Arms Control and Disarmament Association

For most of the inspection area, there would be no electricity supply. The inspection team should be
self-sufficient especially for the perspective of electricity supply, since that most of the mission crit-
ical or health and safety equipment would rely almost solely on electric power. This work proposes
a portable flexible solar charging pack for on-site inspection activities. Flexible solar cell is a new
type of energy material which is flexible in physical nature and its power capacity could be enough
to provide emergent charging supply to the inspectors’ portable equipment during field operations.
Via cascade connection, several solar charging units could jointly provide more power supply to
other power-consuming equipment. The folding size of one solar charging unit is 29cm16.5cm, with
the expansion size of 120cm29cm. Its power and weight are 37w and 0.48kg respectively. As a re-
sult, a single solar charging pack consisting of three solar charging units would have more than
100w of power capacity, with USB or other customized output connectors. The portable flexible
solar charging pack has been tested under hot, humid and extremely cold environments and has
other characteristics of waterproof and high reliability. The working team is looking forward to the
practical test trial at the upcoming 2025 Integrated Field Exercise.
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P4.2-241 – Backup Cellular Communication System for Infrasound Monitor-
ing Stations

Author: Maxime Grillandini1

Co-author: Clement Bednarowicz1

1Enviroearth

In close and constant collaboration with the CTBTO, Enviroearth has developed a backup intra-site
communication solutionworking through a cellular network. This backup systemwas fully designed
according to CTBTO specification. Its low power consumption, communication protocol and easy
implementation on-site make it well adapted to the infrastructure of infrasound stations and its
integration to current main communication system (radio, fiber optic, copper wire/ethernet, VSAT).
This cellular solution will allow a permanent redundancy and ensure a continuous communication
between CRF and remote elements in case of the main communication system failure/outage, thanks
to its automatic failover mode. The cellular backup system will run within pre-established cellular
network (e.g. 2G, 3G and 4G) and through a sever infrastructure with VPN tunnel management.

P4.2-261 – Power Generation and Distribution Systems at the Base of Opera-
tions for On-Site Inspection

Authors: Alana Harmati1; Samuel Toon1

1CTBTO Preparatory Commission

One challenge of on-site inspection (OSI) is preparing for deployment to unknown locations with
unknown resources. A critical element of a functional base of operations (BOO) is stable and reliable
electricity. The current component for the power system for OSI include diesel generators, UPS and
hybrid power system that can accept power from other generation sources, such as solar. UPS sys-
tems allow for quiet time without the diesel generators reducing fuel usage and CO2 production. The
system is designed to be resilient and has management software to switch power sources depending
on the power consumption at any point in time. The BOO systems are also supplemented by field
deployable power banks and solar panels for powering technical equipment such as the SAMS mini
arrays and noble gas samplers.

P4.2-474 –Management of an InternationalMonitoring SystemStation inBrazil.

Author: Rocio Reis1

1Institute of Radiation Protection and Dosimetry (IRD)

Brazil participates in the CTBTO in several ways, as it has an institution, the National Center for
Monitoring and Alerts of Natural Disasters (CEMADEN), which became responsible for the imple-
mentation of the Brazilian National Data Center (NDC). The country also has a radionuclide labora-
tory, RL4, which is in the certification process. In addition to operating an infrasound station, IS9,
and a primary seismic station, both in the city of Brasília, we have two seismic auxiliaries, AS10 and
AS11. We also have a radionuclide station in planning, RN12, and another in operation and certified,
RN11. RN11 is operated by the Institute of Radioprotection andDosimetry and the experience gained
over the years is presented, emphasizing good practices, maintenance, training and lessons learned,
facing the health crisis (COVID-19), management, obtaining and using equipment and spares. And
the legal limitations and human resources will also be presented to share the experience acquired in
the management of RN11.

P4.2-546 – Enhance Battery Management to Reduce Power Issues at Indonesia
Seismic Stations
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Author: Destiawan Kriswibowo1

1PT. Mindotama Avia Teknik

All CTBTO stations in Indonesia are powered by solar panel although some are helped by commercial
power lines. All those systems require a battery bank. Since 2008 until 2021 therewas 10 cases caused
by battery problem which held up data transmission from six CTBTO stations in Indonesia to the
National Data Centre and the International Data Centre. In this presentation we will discuss how to
choose the right batteries, how to manage them, when it is time to replace them and how to maintain
them to support sustainable station operation and reduce power problems

P4.2-706 – The use of LIFePO4 Batteries as a Back Up Power Source for Ex-
treme Environments and Considerations of the Power Supply Design for Such
Locations

Author: Gregory Brenn1

Co-authors: James Robertson1; Pavel Martysevich1

1CTBTO Preparatory Commission

The emerging technologies of Li-Ion batteries offer new design possibilities for remote monitoring
station power supplies. Based on recent installations and testing of these batteries and complemen-
tary equipment, the Engineering and Development Section of the
International Monitoring System Division presents the results of both field and desktop studies, de-
scribing the advantages and disadvantages of using LiFePO4 batteries, as well as general design
considerations for use of such technologies within the International Monitoring System network.

P4.2-739 – NORSAR AS72/SPITS Power System Upgrade

Author: Jon Magnus Christensen1

Co-authors: Bjørn Christian Freitag1; Sindre Stokkan1

1Norwegian Seismic Array (NORSAR)

NORSAR is the Norwegian National Data Centre (NDC) and operates six stations of the International
Monitoring System. These are the primary seismic arrays NOA/PS27, ARCES/PS28, the auxiliary
seismic array SPITS/AS72, the auxiliary single seismic station JMIC/AS73, the infrasound array IS37
and the radionuclide station RN49. It is crucial to have a stable power supply with a sufficient battery
bank capacity to the stations and the auxiliary station AS72/SPITS was refurbished to secure stable
operation for the future. This presentation will give an overview of NORSARs choice of system and
the work with replacing the previous power supply system. The old system consisted of a lead acid
battery bank, two stirling generators, solar panels and a wind turbine. The new system is a complete
UPS system from Eltek (a Delta group company) with lithium-ion batteries, new solar panels and
Cummins diesel generator in addition to the wind turbine.

P4.2-750 – International Monitoring System Seismic Station Power System De-
sign

Author: Juan Pablo Aguiar1

Co-author: Marian Jusko2

1INPRES
2CTBTO Preparatory Commission
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The correct operation of a seismic station depends on many factors. A crucial one is the provision
of power required for station to operate at the established standards. Given that the Paso Flores,
PLCA/PS01, seismic station power system currently in use is at the end of its life cycle, that it was
not designed for the current demands and, evaluating all the technologically available alternatives
for replacement, it is presented a design based on the use of solar panels as main source, a bank of
batteries to store energy and a thermoelectric generator without moving parts, as a supplementary
energy source to work during the winter months when solar radiation is low.

P4.2-784 – Sensor Monitoring And Reliable Telecommunications Cables: In-
tegration of Environmental Sensors Into Submarine Telecommunications Ca-
bles for Improved Ocean Monitoring

Author: Matthew Fouch1

Co-authors: Brad Avenson2; Stephen Lentz

1Subsea Data Systems
2Silicon Audio

Innovative deep oceanmonitoring technologies are crucial to catalyzing fundamental improvements
in mitigating natural disasters, reducing human vulnerabilities, and determining environmental
threats. An attractive but untapped resource is the global submarine fibre optic cable network,
which carries over 95% of international internet traffic. Key components of undersea fibre optic
cable systems are repeaters, which are placed every 60-100 km along the cable to provide optical
signal amplification, and provide a unique opportunity to deploy sensors globally. Installing Sensor
Monitoring And Reliable Telecommunications Cables (SMART) repeater based sensor systems that
include seismic, pressure, and temperature sensors will revolutionize our ability to monitor earth-
quakes, nuclear tests, tsunami, global climate change, and the security of major telecommunications
infrastructure. While the SMART concept has been discussed and evaluated for over 10 years, de-
veloping a SMART repeater requires substantial research and development investment to validate
the technology. Subsea Data Systems has developed a fully operational prototype SMART repeater
sensor system. Our system includes best in class sensors validated by the scientific and monitoring
communities, coupled with the data formatting and transmission frameworks already accepted by
these communities and in extensive use worldwide. Here we present our ongoing efforts to make
fully validated SMART cable systems a reality.

O4.3 Enabling IT technologies

O4.3-152 – Application of Virtual Reality Technologies for Modeling the Con-
sequences of Nuclear Tests

Authors: Alexandra Serova1; Alexander Govorukhin1

Co-authors: Anastasiia Kulikova1; Angelina Elagina1

1National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

The article explores the possibility of applying the mathematical framework to map the radiation
field transmission zone in the area of nuclear tests, as well as the visualization of the built model
using virtual reality technology. In turn, the possibility of applying the calculus to study the accu-
mulation of fissile materials in the zone of a supposed nuclear explosion is considered. The authors
describe this technology as the basis for analysing the probability of environmental contamination
by nuclear products in the area of nuclear tests, as well as the impact of radiation fields on organisms
in this environment. While nuclear testing was banned by the 1996 Comprehensive Nuclear-Test-
Ban Treaty, the possibility of some countries conducting tests on their territories cannot be neglected.
Therefore, there is a increasing demand for digital technology to accurately calculate the physical
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parameters of a nuclear test and to visually simulate its consequences in order to verify the fact that
nuclear explosions occurred.

O4.3-456 –Web Based SCT: Software Tool for Improvement of Reviewed Event
Bulletin Quality

Author: Ilya Dricker1

Co-authors: Ivan Kitov2; Oleksandr Sukhotskyi1

1Instrumental Software Technologies, Inc. (ISTI)
2CTBTO Preparatory Commission

Spot check is the final level of the interactive review hierarchy aimed at the improvement of Re-
viewed Event Bulletin (REB) quality. At the International Data Centre (IDC) this task is conducted
by an independent reviewer whose responsibility is to investigate event location anomalies, missing
or bogus large events representing invalid data associations or incorrect detections. To facilitate
the work of the reviewer, SCT software was developed as an implementation of the master event
approach, which allows the reviewer to see how this event has been processed compared to similar
events in the historical archive. The information backbone of the SCT is a historical IDC database
allowing for the testing of event hypotheses with the archived events. The automatic SCT software
generates daily cross-correlation event bulletins and conducts comparison with SELs and REB bul-
letins. The interactive web based front end of the SCTmakes available visualization of the results via
maps and tables. SCT also provides a reviewer with an interactive mode of operation, allowing event
selection and intuitive processing configuration. Additionally, the SCT tool assists expert technical
analysis or special study. The tool is designed to provide various access levels, so internal reviewers,
IDC analysts and external users could securely utilize specific SCT features.

P4.3 Enabling IT technologies

P4.3-060 – New Security Scheme for Data over Wireless Network Connectivity
with the International Monitoring System

Author: Mohammed Ghanim Jadaan Al-Gburi1

1Iraqi National Monitoring Authority (INMA)

The security system designed for the Internet of Things (IOT) should be able to detect and prevent
both internal and external attacks. This work proposes a lightweight and low energy encryption
algorithm to secure data over wireless networks. The proposed algorithmmeets the requirements of
data and is suitable for wireless devices and sensors. It is capable of reducing the execution time and
power consumption of the encryption process compared with the state of the art standard algorithm
and at the same time maintains the desired security (confidentiality) level. A comparison between
the proposed algorithm, the advanced encryption standard (AES) and other lightweight algorithms
proposed by other research works is conducted and the results are promising. Using the proposed
algorithm, a significant amount of time and energy consumption reduction is achieved to reach
approximately 35% improvement over the standard AES algorithm accompanied with good level of
complexity in the encryption process, making it more suitable for the wireless environment. The
aim of this study is to reduce the power consumption of implementing encryption algorithms on the
sensors using in the International Monitoring System. Accordingly, increasing work capacity of the
sensor’s battery.

P4.3-151 – Cost Effective Space Based Internet of Things Constellation En-
abling Information Technology Solutions

Page 178



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

Authors: Qiang Lv1; Jing Shi1; Xing Jing1; Hongchao Zhang2

Co-authors: Jing Yang3; Yuan He3; Yixuan Cao3; Peng Li4

1Beijing Guodian Hi-Tech Science and Technology Ltd.
2Beijing Zhonghang Innovative Technology Co. Ltd.
3HOPE Investment Development Co. Ltd.
4China Arms Control and Disarmament Association

“TianQi” LEO micro-satellite Internet of Things (IoT) constellation, is a commercially running space
based IoT system, which is composed of 38 LEOmicro-satellites, andwill be fully deployed by the end
of 2023. Ground terminals are portable and cost effective, with power consumption as low as 100mw.
The constellation could provide global users such as CTBTO with “air, ground and sea integration”
satellite IoT data communication service. Each micro-satellite weight is about 20-50 kg with a power
consumption of 50-100W. The micro-satellites would be launched into circular orbit of 500-900 km
altitude, which would bring advantages such as short transmission delay, low path loss and low
power consumption, low cost and miniaturization of user terminals. “TianQi” LEO micro-satellite
IoT constellation would establish a global coverage 0.2kbps to 6kbps narrow bandwidth communica-
tion network, capable enough to provide varieties of solutions to CTBT application scenarios, such
as operation and maintenance of remote International Monitoring System facilities, emergency com-
munication and health and safety of on-site inspection team and inspectors, real time tracking and
CoC solution to on-site inspection samples, etc.

P4.3-165 – GCI support for a Virtual National Data Centre

Author: Marius Popa1

1CTBTO Preparatory Commission

In a constant evolving digital world, there is a need for flexible way to secure the CTBTO data
and products sent over the Internet. High levels of flexibility can be achieved by implementing
programable, intelligent, VPN systems that can be deployed without the need for dedicated physical
hardware. This system of secure communications can be deployed in as a software implementation,
eliminating the need for physical network infrastructure, either on premises or in a platform as a
service environment. There is only one requirement: Internet access. VPN HUBs offer a highly
flexible design model:
hardware or software or a mix of both - the entire VPN system can be recovered in a short time
with a high level of automation. A VPN system requires minimal human interaction to deploy, thus
reducing the probability for errors. The entire system can be backed up daily on a USB stick and
redeployed fast on case of emergency. In essence, a solution to securely send data and products to
National Data Centres without the need for physical networking equipment.

P4.3-292 – Commercially Available Data Security Protection Solution to Inter-
national Monitoring System and On-Site Inspection

Authors: Yong Sun1; Peng Li2

Co-authors: Fan Wu1; Lina Shang1; Xiwen Zhao1; Jing Yang3; Xuanfu Liu4; Hongchao Zhang5; Kun Xia3

1Space Star Technology Co. Ltd.
2China Arms Control and Disarmament Association
3HOPE Investment Development Co. Ltd.
4Wuhan Dameng Database Co., Ltd.
5Beijing Zhonghang Innovative Technology Co. Ltd.

As a solemn legal proof of either Treaty compliance or violation, data security of the Comprehen-
sive Nuclear-Test-Ban Treaty (CTBT) verification infrastructure plays a vital role for the authority
of CTBT regime. For most important cases within the CTBT verification infrastructure, such as the
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International Monitoring System (IMS), data gathered at internationally distributed IMS stations and
transmitted through GCI to the International Data Centre (IDC) in Vienna, on-site inspection (OSI)
voice communication and data transmission among inspectors, base of operations (BOO) and the
CTBTO, there is a need to make a standing arrangement to prevent data from being eavesdropped
on or intercepted. This work would carry out a full-range solution to IMS and OSI with secured data
transmission under various network communication scenarios. Link encryptor provides protection
for digital data transmission on trunk lines such as microwave, satellite and troposcatter through
the encryption of all data including the protocol itself. IP encryptor is designed to protect IP commu-
nications over TCP/IP network by adopting encryption, identity authentication and data integrity
verification. Radio encryptor is designed to work with HF/VHF/UHF radios for secured voice and
data communication.

P4.3-375 – Data Model and Data Access Architecture in the Geophysical Mon-
itoring System

Author: Benjamin Hamlet1

Co-author: James Mark Harris1

1Sandia National Laboratories (SNL)

Sandia National Laboratories is developing the Geophysical Monitoring System (GMS) to modernize
the United States National Data Center (USNDC) waveform processing system. The United States
is providing the common architecture and processing components of GMS as a contribution in kind
to accelerate progress on International Data Centre (IDC) re-engineering. A key aspect of GMS
architecture is the Common Object Interface (COI) specification, which includes a data model and
an access application programming interface (API). The data model is a collection of data structure
definitions describing all the data stored by GMS and the access API specifies the available query and
storage operations. The COI specification is independent of any storage solution. This decoupling
facilitates changes to the storage solution with minimal impact to the GMS application software;
likewise, the data model and GMS applications can be updated with minimal changes to the storage
solution or schemas. OneGMSCOI implementation, the data bridge, provides clients access to legacy
system data through web services. This poster describes GMS COI and data bridge architecture.

P4.3-486 –PerformanceEnhancement of FlexpartAtmospheric TransportModel
for GPU Environment

Author: Donald Morton1

Co-authors: Wolfgang Sommerer2; Jolanta Kusmierczyk-Michulec2; Robin Schoemaker2; Anne Tipka2

1Boreal Scientific Computing
2CTBTO Preparatory Commission

The Flexpart Atmospheric Transport Model is used in daily operations at CTBTO for the  backtrack-
ing of radionuclides based on measurements at 80 sites worldwide. Over 280 simulations are per-
formed each day and it is desirable to make each simulation run in a shorter period of time. With
increased availability of GPU environments, it is natural to consider their potential in speeding up
the Flexpart simulations. Work is currently underway to transform a CTBTO customized Flexpart
v10 into a code that can efficiently use GPUs. To date much effort has been expended in getting
this code (and its dependencies) to compile and execute in an NVIDIA Fortran (nvfortran) environ-
ment, leading to discovery of bugs in the nvfortran compiler, resolved by NVIDIA as a result of our
reports. While awaiting resolution from NVIDIA, we have performed detailed profiling on smaller
problem sizes in order to identify the “hot spots” of the code where GPU optimization might provide
the greatest benefits. Work is now underway to isolate the “hot spot” regions of code into test mod-
ules suitable for extensive iterative experimentation, development and testing. This work is ongoing,
and this presentation will describe a detailed overview of the project and its current status.

Page 180



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

P4.3-568 – Design of Human Activity Recognizer as Android Smartphone Dig-
ital Filter for Earthquake Signal Processing

Authors: Haryas Wicaksana1; Hapsoro Agung Nugroho2

1Indonesia Agency for Meteorological Climatological and Geophysical (BMKG)
2Sekolah Tinggi Meteorologi Klimatologi dan Geofisika

Smartphone accelerometers can be used to record earthquake signals to support disaster mitigation
in Indonesia. Human activities produce significant noise to accelerometer data on smartphones. Hu-
man activity recognizer (HAR) functions to sort out human activity signals from earthquake signals
recorded by smartphone accelerometers. This study aims to reduce the linear acceleration signal of
human activity on the Android smartphone accelerometer. The HAR application as a smartphone
accelerometer digital filter includes several design stages, namely data collection, feature extraction,
activity data classification and determining the Butterwoth type filter design based on activity data.
These activities include sitting, standing, lying down, walking and running. The Butterworth type
digital filter is designed based on the dominant frequency of the human activity acceleration signal.
This filter is installed in the server program and then tested against activity signals carried out in
the Central BMKG earthquake simulator. The test results show an increase in the percentage of
earthquake signals from 3.87% to 64.61% and a decrease in the percentage of human activity signals
from 96.13% to 35.39%.

P4.3-674 – WFaaS: A New Modern, Embedded, Web Based, Configurable and
Portable Monitoring Service for Monitoring International Data Centre Differ-
ent Processes

Author: Shaban Laban1

Co-authors: Alexander Sudakov1; Dongmei Han1; Leonid Kolesnykov1; Thomas Ludwig Hoffmann1

1CTBTO Preparatory Commission

The International Data Centre (IDC) is using critical and complex systems with several distributed
processes for receiving, processing, disseminating and archiving data and products. A dedicated tool
called WorkFlow is used, among other tools, to monitor those systems. The tool is only available
in Linux machines, uses intensive database resources, is hard to maintain and requires expertise for
configuration. We are prototyping a new modern, embedded, web based, configurable, user friendly
and portable monitoring service to help the IDC staff and its operations centre for effectively and
efficiently monitoring the different systems. The states of the different processes are collected and
cached independent of the IDC databases and can be shared among clients without exhausting the
IDC databases. The front end is based on latest Hypertext Markup Language (HTML5) specifications
and JavaScript. While the back end is implemented by Python and uses Tornado web framework.
Also, several different views, flow types, roles, and permissions can be implemented. Additionally,
the service is capable of and can be configured to monitor the states of any temporal data. The
different capabilities of the service will be presented. Also, the advantages and limitations of the
new service are outlined. Finally, future directions and recommendations will be discussed.

P4.3-734 – The Meteorology, Climatology and Geophysics Agency VSAT Net-
work Disaster Recovery Plan as Efforts to Optimize Data and Sending Infor-
mation for Meteorology, Climatology and Geophysics

Author: Reza Aria Nugraha1

Co-author: Leo Gumalto Butarbutar1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

The Meteorology, Climatology and Geophysics Agency (BMKG) is a government agency that has
the task of providing data and information services for meteorology, climatology and geophysics as
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well as delivering information to the public and related agencies. BMKG empowers and relies on the
VSAT network which works 24/7. The BMKG VSAT communication network is a system that con-
nects all systems within the integrated BMKG environment and requires a real time data exchange
process. The public is increasingly critical in demanding that BMKG information be obtained more
quickly, precisely, accurately, easily understood, and can reach all corners of the country. The paral-
ysis of the VSAT network in the BMKG environment is critical because it can cause communication
paralysis both internally and externally at BMKG. Therefore, the development of the BMKG must
be carried out in an integrated manner accompanied by backup (disaster recovery) so that the dis-
semination of weather information and disaster events for the community is not disrupted. Data
collection was carried out by conducting literature studies, conducting interviews with users and
administrators of BMKG assets, observing BMKG assets, and studying organizational documents.
The results of this study are DRP documents that are adjusted to the BMKG duties and functions.

P4.3-799 – An Intelligent Alerting Approach Based on WiFi Channel State In-
formation Sensing for Earthquake Precocious Signs

Author: Mohamed Serrhini1

1University Mohamed Premier Oujda

Traditional sensing techniques are recognized to be labor and technically intensive for practical adop-
tion. As a result, researchers are employing alternate sensing techniques. One of the major tech-
nologies for sensing environment is variations inWiFi channel state information (CSI) that describes
the channel state between the transmitter and the receiver. With its sensitivity to environmental
dynamics, due to it ubiquity WiFi signal is now widely used for a variety of sensing applications
in indoor environments, such as gesture recognition and fall detection, in addition to its primary
usage for communication. WiFi based sensing offers non-contact sensing in a private mode, simul-
taneous sensing and data transmission without additional connection infrastructure, and remote
sensing without handheld sensors. In this paper, we propose a new approach based on data col-
lected from WiFi-CSI analysed in pretrained machine learning model to detect precocious signs of
earthquake, caused by the first energy emitted by an earthquake, the P waves, which rarely cause
damage but cause some environment changes like some ceiling lights move and some static objects
shake slightly, movements that affect electromagnetic waves and can be sensed with wireless signals
through CSI .

P4.3-894 – NDC-in-the-Cloud: Flexible and Reliable Cloud Resources for Na-
tional Data Centres

Authors: Jonathan MacCarthy1; Gordon MacLeod1

Co-author: Omar Marcillo2

1Los Alamos National Laboratory (LANL)
2Oak Ridge National Laboratory (ORNL)

Capacity building efforts for National Data Centers (NDCs) commonly involve the provisioning and
shipment of physical hardware systems and the training, installation, maintenance, and distribution
of the NDC-in-a-Box (NIAB) software suite. “NDC-in-the-Cloud” (NIAC) is a set of cloud-hosted
resources for National Data Centers that uses cloud services to streamline these efforts, while also
offering new flexibility and reliability to users. It provides NDCs with cloud based versions of the
familiar NDC-in-a-Box software and data, as well as a blueprint to create secure cloud based re-
sources to use these data and software in their own cloud accounts. With this approach, we seek to
increase access and processing capability for NDCs, and decrease any logistical burden associated
with shipping physical hardware. The NIAC prototype employs Amazon Machine Images for soft-
ware distribution, elastic compute cloud virtual hardware in the Amazon Web Services commercial
cloud for computing, virtualized desktops accessible via web browser, and an “Infrastructure-as-
Code” approach to deploy cloud resources. Internal and external evaluations of NIAC instances note
good desktop responsiveness and adequate computing and storage capacity, and we seek to refine
the prototype through further collaborations.
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O4.4 International Monitoring System sustainment

O4.4-248 – Failure Classification and Monitoring of Radionuclide Systems Us-
ing State of Health Data

Author: Reynold Suarez1

1Pacific Northwest National Laboratory (PNNL)

Sensor data from radionuclide systems within the International Monitoring System (IMS) provides
critical information about the operating status of a given station. Many of the algorithms currently
in place monitor large immediate sensor deviations and provide alerts. Small sensor changes, espe-
cially over extended periods of time, are more challenging to detect. Another challenge is quickly
identifying the root cause of failures automatically such that strategicmaintenance can be performed.
Pacific Northwest National Laboratory (PNNL), in collaboration with General Dynamics, has been
developing an architecture for monitoring IMS radionuclide systems that is capable of testing new
algorithms. One of the new techniques being investigated is classifying failures based on the sensor
data available. The goal is to use knowledge from experts together with new data science techniques
(such as artificial intelligence and machine learning) to determine the failure mode using groups of
sensors as a signature. This presentation will discuss the current state of health monitoring archi-
tecture and the latest developments in the failure mode sensor signature algorithm development.

O4.4-742 – Modernization and Sustainment

Author: Jon Magnus Christensen1

1Norwegian Seismic Array (NORSAR)

Modernization of technology and work processes during the last decade at NORSAR. How technol-
ogy, state of health (SOH) monitoring and efficient work processes can contribute to quality, data
availability and increased performance. In the last few years NORSAR has established a modern-
ized SOH system based on Nagios, PostgreSQL and Grafana to monitor and log uptime and SOH of
our installations and processes. An increased focus on risk mitigation and remote control capabili-
ties has, together with the improved SOH tools, meant more efficient operations and higher uptime.
Through risk analysis NORSAR has identified some of the challenges of the future. This presentation
will give an overview of NORSARs experiences in lifecycle management and SOH monitoring sys-
tem for efficient operations and sustainment of large International Monitoring System array stations.
It will also look at the financial aspects and challenges of long term sustainment of large scale infras-
tructure and potential high impact risk factors within operation and sustainment of such stations.

O4.4-747 –TheAuxiliary SeismicNetwork of the InternationalMonitoring Sys-
tem Challenges and Opportunities: An International Monitoring System Per-
spective

Authors: Irene Bianchi1; Jose Pereira1

Co-authors: Hideaki Komiyama1; Stefka Stefanova1

1CTBTO Preparatory Commission

The auxiliary seismic network of the International Monitoring System (IMS) is comprised of 120 seis-
mic stations. It is designed to support the primary seismic network to increase detection accuracy,
for earthquake monitoring and nuclear test detection. Some auxiliary stations have been designated
as temporary substitute primary stations. Auxiliary seismic stations are deployed at remote areas
around the globe, many are hard to access often in harsh climatic conditions and occasionally facing
security issues; some are approaching or exceeded 15 years of age since certification. Thus equip-
ment replacement must be considered and failure, obsolescence and replacements must be addressed

Page 183



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

with greater frequency. The Provisional Technical Secretariat (PTS) provides remote technical sup-
port for troubleshooting, training of station operators, implementation of authentication and data
transport, in accordance with the terms of the CTBT Treaty (Article IV). However, support is limited
if the resulting action requires financial expenditure from the PTS. The direct consequence of this
limitation is amplified if the host country is not capable of meeting the maintenance costs, thus re-
sulting in station outages sometimes prolonged. We discuss the performance of the auxiliary station
network and recommend solutions for the short and long term to improve maintenance practices
and achieve better results.

P4.4 International Monitoring System sustainment

P4.4-325 – Geophysical Monitoring System Interactive Analysis Capabilities

Author: James Mark Harris1

Co-authors: Paul Wright1; Katherine Aur1; Nicole McMahon1; Kelly Jean Lechtenberg1

1Sandia National Laboratories (SNL)

Sandia National Laboratories is developing the Geophysical Monitoring System (GMS) for modern-
ization of the United States National Data Center waveform processing system. The United States
is providing the common architecture and processing components of GMS as a contribution in kind
to accelerate progress on International Data Centre (IDC) re-engineering. Open source releases of
GMS, available on GitHub, have been made annually since 2018. Recently the GMS development
effort is focused on interactive analysis capabilities, referred to as IAN. The 2022 GMS open source
release includes capabilities to access and display station metadata, waveforms, signal detections,
and events (QC mask display is also in development). IAN uses modern web technology, accessed
with a common web browser. All displays are fully synchronized with a consistent user experience.
The 2022 release also includes a mature, operational quality station state of health (SOH) monitor-
ing capability for CD-1.1 protocol stations, to enhance the ability of system operators to quickly
recognize and address station availability and quality issues. GMS is deployed using a cloud-ready
Kubernetes containerized platform, hardened for cyber security accreditation. This presentation
describes the current GMS interactive analysis and station SOH monitoring capabilities.

P4.4-378 – Seismic, Hydroacoustic and Infrasound Monitoring for Seismic Sta-
tions Applying 3G/4G Technologies

Author: Felipe Condori Apaza1

1Observatorio San Calixto

The Observatorio San Calixto (OSC) is the National Data Center for the Plurinational Bolivian State.
It manages the certified seismic stations PS06-LPAZ, AS08-SIV and one infrasound array IS08-BO.
The distances from our center to the far away seismic station is about 1000Km (AS08-SIV) and the
other two are located at Altiplano where the environment to work is often hard. In order to obtain
the state of health (SoH) from these seismic stations we built a low cost board based on embedded
technology (RaspberryPi) that allow us to monitor the batteries voltages, temperature at cave, in-
trusion, hard-disk/USB space and sometimes works as data buffer. The source code is powered by
Python and the decencies for the input/output are taken from RaspberryPi cloud, furthermore, we
were able to send this information through the Internet using 4G dongle from local telecommunica-
tion company. Data is sent to the OSC by a VPN, this information is then stored in a small database
powered by MySQL, the information is displayed for the operators each three or four minutes. This
method is also used in the national seismic network to help the station operator to anticipate and
solve problems.
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P4.4-419 – Radionuclide Station RN48 Installation by Local Skills: Niger Expe-
riences

Author: Bawa Mamane1

Co-author: Issa Kane

1Haute Autorité Nigérienne à l’Energie Atomique (HANEA)

The Comprehensive Nuclear Test Ban Treaty (CTBT) prohibits nuclear explosions by anyone, any-
where: on the Earth’s surface, in the atmosphere, underwater and underground by using four key
technologies such as radionuclide monitoring. Niger deposited its instrument of ratification of the
Comprehensive Nuclear Test Ban Treaty (CTBT) with the Secretary-General of the United Nations
on 9 September 2002, bringing the total number of ratifications to 94. Niger is the 14th State Signa-
tory in Africa to ratify the Treaty. Under the terms of the Treaty, Niger is home to two International
Monitoring System (IMS) facilities, a primary seismic station PS26 in Torodi and a radionuclide sta-
tion RN48 in Agadez which is being coupled by SPALAX NEX48 noble gas. The RN48 radionuclide
station was installed in December 2018 and certified on 26 August 2019. This poster we will de-
scribe the step by step the process of the installation and test phase, the certification process and the
operations and maintenance carried out by local experts.

P4.4-477 – Decreasing Operational Costs by Enhancing Regional and Local Ca-
pabilities: A New Paradigm for Long Term Global Network Operations

Author: Robert Mellors1

Co-authors: Carl Ebeling1; Chris Sites1; Dan Auerbach1; Don Elliott1; Erik Klimczak1; Heinz Wuhrmann1; J. Peter
Davis1; Jim Conley1; Jon Berger1; Scott Bargabus1; Sonya Wilson1; William Hatfield1

1University of California, San Diego

The IDA/GSN seismic network consists of 40 broadband seismic stations around the globe. Fifteen
stations serve as auxiliary seismic stations of the International Monitoring System (IMS). During the
COVID-19 pandemic, travel was severely disrupted. However, after considerable adjustment, net-
work data return remained good and operational costs decreased. This was due to several factors: 1)
decreased international travel by US based field engineers, 2) increased reliance on local operators to
perform more complex operations and maintenance tasks and 3) increased spare equipment on site.
Repairs and sensor replacements were conducted by either local station operators, local contractors,
or in-country seismic technicians. Advanced training of local operators was based on improved docu-
mentation, sometimes with on-site video streaming using cell phone based applications. Difficulties
included a wide range of time zones for the US based engineers and cross-language communication
combined with sometimes poor audio quality. These difficulties were addressed by developing more
extensive step by step documentation and communication improved over time. Benefits consisted
of less travel and associated costs by the US engineers and increased capabilities by station person-
nel. These benefits have continued even as COVID-19 related travel restrictions have been lifted.
Recommendations for the future include increased remote training.

P4.4-545 – Australian Performance in International Monitoring System Ra-
dionuclide Stations – How Can Remote Stations Perform as well as Those on
the Mainland?

Authors: David Hardman1; Marcus Grzechnik1; Erin McWilliams2; Jane McLeish2; Joshua Hofman2; Katherine
Gouin2

1Australian Radiation Protection and Nuclear Safety Authority (ARPANSA)
2Australian Radiation Protection and Nuclear Safety Authority (ARPANSA

TheAustralian Radiation Protection and Nuclear Safety Agency (ARPANSA) maintains nine Interna-
tional Monitoring System (IMS) radionuclide stations across Australia, Antarctica, Fiji and Kiribati.
A significant proportion of these are considered to be remote locations, where access is limited and
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local support is essential for the ongoing maintenance of the stations. This was particularly challeng-
ing throughout 2020, 2021 and 2022, where travel from Australia to many of the stations was not
possible. Despite the challenges that are faced, the network under the responsibility of ARPANSA
has consistently performed to an extremely high level of uptime and quality since beginning oper-
ation of stations in the year 2000. Whilst station performance data will be discussed, the focus of
this presentation will be on several areas where ARPANSA has been able to optimize performance,
including: core staff dedication and expertise, relationships with local operators and continuous im-
provement. It is intended that several real life case studies documenting the experience that has
been built up over time will be presented to compare and contrast the requirements for successfully
maintaining radionuclide stations to a high quality in varied environments.

P4.4-630 – PTS Maintenance Radionuclide Field Activities

Author: Diego Ortiz Trujillo1

Co-authors: Andreas Wiens1; Claus Johannsen1; Halit Tatlisu1

1CTBTO Preparatory Commission

One of the tasks of the Provisional Technical Secretariat (PTS), in regards to the mandate of the
International Monitoring System (IMS) Division, is to support, monitor and conduct maintenance
activities. In this presentation an overview of the field missions that the CTBTO maintenance ra-
dionuclide team have performed after the pandemic restrictions were lifted will be given. These
activities aimed at the sustainment and reduction of downtime of the stations. These field missions
included following types of activities: on-site corrective/preventive maintenance and training activ-
ities. When a problem could not be solved by the station operator or with PTS remote assistance, the
PTS conducted a corrective maintenance action. Also, due to COVID-19 restrictions, some preven-
tive maintenance activities or upgrades were postponed. These postponed activities were carried out
on-site. Additionally, on-site training was delivered to station operators, increasing their knowledge
on maintenance activities. In this poster presentation, we will discuss the activities of the mainte-
nance team in the field and how this work increases the efficiency of the stations and operators,
helping achieve a higher data availability.

P4.4-736 – Feedback on SPALAX New Generation Operation

Author: Axelle Gourgues1

Co-authors: Florian Philippe2; Frederic Tribet1; Gabriel Couchaux2; Henri Chevreul1; Sylvain Topin2; Thomas
Philippe2

1Cegelec Defense
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

In the context of the Comprehensive Nuclear Test Ban Treaty (CTBT), the CEA/DAM developed
the Système de Prélèvement Automatique en Ligne avec l’Analyse du Xénon (SPALAX) about 20
years ago which is used in the International Monitoring System to detect xenon releases following
a nuclear explosion. The New Generation of the system has been successfully developed by the
CEA and CEGELEC Défense. CEGELEC commissioned several SPALAX New Generation at CEA
premises. These were evaluated in France for several months before moving to operations. It is
reliable and good results have been observed. New people have been trained on the system and
can now operate it. CEGELEC will describe latest evolutions to the system following users lessons
learned and provide feedback on the system operation.

P4.4-759 – InternationalMonitoring SystemRadionuclide Station State ofHealth
Monitoring Using the Radionuclide Operations Support System

Author: Paolo Tristan Cruz1
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Co-authors: Rodrigo Exequiel Villarreal1; Marina Nizamska1; Petr Ekimov1; Martina Rozmaric Macefat1; Dongmei
Han1

1CTBTO Preparatory Commission

Immediate identification of system component failures through state of health (SOH) trend analysis
allows for fast resolution of International Monitoring System (IMS) station issues. The Radionuclide
Operations Support System (ROSS) allows staff of the Provisional Technical Secretariat to display sta-
tion SOH data, assess current station performance, and notify International Data Centre analysts of
critical issues that affect IMS radionuclide station key performance indicators. This presentation will
discuss examples of critical equipment failures as observed from SOH data of the various radionu-
clide technologies as identified using ROSS and some challenges observed in SOH data monitoring
using the software.

O4.5 On-site inspection team functionality

O4.5-088 – On-Site Inspection: Added Complexities in the Tropics

Author: Nalin de Silva1

1Geological Survey and Mines Bureau

Success of an on-site inspection depends largely on two factors: identifying the locations of interest
within an area of approximately 1000 km2 and evaluating time critical signatures enabling pinpoint-
ing ground zero. Visual observation is the technology that has developed to identify locations of
interest in rapid assessment manner. This process allows concentrating the inspection to manage-
able extent, where detailed studies could be possible within the constraints. However, tropics pose a
grave challenge in thismaneuver as the ground visibility becomes almost zero in areaswith thick tree
canopies. Torrential rain is commonplace in tropics, which acts as a natural “eraser” for many on-site
inspection (OSI) related observables. The time critical signatures, such as seismic aftershocks, tend
to decay rapidly in thick-wet soft overburdens where energy absorption levels are very high. One
of the most critical aspects of the OSI is the presence of radionuclide material in the samples. Rain
coupled with erratic wind pattern tends to offset the potential source(s) and redeposit in elsewhere
within a very narrow time window. Having hands-on experience of an Integrated Field Exercise
in the tropics will provide critical and decisive experience towards adaptations to the conventional
procedures, enhancing the IT functionality to cope with diverse environments.

O4.5-275 – What can On-Site Inspectors and Support Staff of the Inspected
State Party Learn from Dealing with the Long Term Consequences of Radio-
logical Emergencies?

Author: Thu Zar Win1

Co-authors: Jacques Lochard1; Martin B. Kalinowski2

1Nagasaki University
2CTBTO Preparatory Commission

The Chernobyl and Fukushima accidents have shown that the so-called “co-expertise” process is
an effective lever for empowering the people concerned in order to give them the means to make
informed decisions concerning their own protection. In the event of an on-site inspection (OSI)
under the CTBT, inspectors and support staff of the inspected State Party are likely to encounter
radioactive contamination in the environment of the inspection area. This situation has similarities
to the experience of residents of an area with radiation hazards due to a past radiation emergency.
For this reason, the co-expertise process can be amodel for training on-site inspectors and inspection
teams and addressing their concerns about the consequences of radiological contamination in the
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OSI area. After a reminder of the constituent elements of the co-expertise approach, this presentation
describes how the latter could be adapted to serve as a support for the preparation for inspection
interventions.

O4.5-301 – Inspection Team Functionality: A Historical Retrospective

Authors: George Tuckwell1; Luis Gaya Pique2

Co-authors: Gordon MacLeod3; Peter Labak2; Aled Rowlands2

1RSK Group
2CTBTO Preparatory Commission
3Los Alamos National Laboratory (LANL)

More than ten years after its development, the inspection team functionality (ITF) has unquestion-
ably become the conceptual framework adopted by the inspection team during on-site inspection
(OSI) field exercises. The expectation is that ITF will successfully guide the inspection team when
conducting an OSI once the Treaty enters into force. The concept forms the backbone of the inspec-
tor training programme and relevant tools such as the Geospatial Information Management System
for OSI (GIMO) deliver the ITF logic, decision and operational cycles. But the origins of ITF were
far from easy. How was ITF born? What were the issues that the concept was trying to address?
How did ITF move from just providing clarity on mission objectives, to creating a framework to
think and work, to encapsulating many other aspects such as a robust search logic, a transparent
information-flowmechanism, a controversial distributive leadership concept, and a companion field
team functionality framework? This presentation provides a historical retrospective of the develop-
ment of the ITF concept and explains the pillars that converted ITF into the concept of operations
for an OSI.

O4.5-768 – Update on the Development of the GIMO Platform for On-Site In-
spection

Authors: Aled Rowlands1; Jonetta Ng1

Co-authors: Julius Kozma1; Peter Labak1; Philipp Wiesinger2; Irena Katrina2

1CTBTO Preparatory Commission
2Zühlke Engineering

TheGIMO platform facilitates the implementation of on-site inspection (OSI) search logic by provid-
ing the framework and tools to meet the requirements of inspection team and field team function-
alities, and data flow. This paper reports on the various instances of GIMO developed to cater for
requirements at the operational support centre, the base of operations, the inspection area – includ-
ing the laboratory - as well as data classification status. The architecture used as a basis for GIMO
development, deployment and operation are summarized. Data security considerations are high-
lighted, with particular emphasis placed on the transition to the use of zero clients in the ‘working
area’ for the processing of data and the development of ‘kiosk’ applications on tablets that restrict
access to relevant applications only. Recent functionality developments are also presented including
updates to spatial viewing tools; the ability to view technique specificmetadata in the ‘working area’;
workflows and tools to support the revision of on-going mission proposals; and tools to support the
preparation and dissemination of technical mission reports and search zone summary reports within
the inspection team.
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P4.5 On-site inspection team functionality

P4.5-039 –TheComprehensiveNuclear-Test-BanTreatyProtocol: PossibleHin-
drance for On-Site Inspection Obligations

Author: Nalin de Silva1

1Geological Survey and Mines Bureau

Compared to many other Treaties and international conventions, one of the unique and in-built
characters of the Comprehensive Nuclear-Test-Ban Treaty is its Protocol. Considering the sensitiv-
ity that is required to address the verification regime, having limitations and even restrictions on
matters pertaining to national security is understandable. Yet, listing the tools as a part of the Proto-
col is having a negative impact particularly on on-site inspection (OSI) functions, as accommodation
of novel technologies is discouraged. The “National Technical Means (NTM)” might bridge the gap
between the advanced technologies and listed stalled tools of the Protocol. The NTM could serves
well in the planning stage of the OSI as the waveform analysis of the verification regime (Interna-
tional Monitoring System) could be integrated with NTM inputs. However, once the inspection is
initiated the inspected State Party (ISP) could limit the NTM information flow and most importantly
the inspection team has to rely on the outdated tools provided in the Protocol for the OSI inspection.
Maintaining the balance between the successes of OSI objectives while securing national interests,
the States Parties shall identify an agreeable solution towards upgrading OSI tools in par with the
technological advancement.

P4.5-040 – Impact on On-Site Inspection Efficiency due to Lack of Team Build-
ing Opportunities

Author: Nalin de Silva1

1Geological Survey and Mines Bureau

Despite remote waveform analysis and nuclear signatures, an on-site inspection (OSI) remains as the
final verification regime for potential indicatives of ambiguous events of CTBT violation(s), which
is designed to produce conclusive evidence. As the potential violator, the inspected State Party is
accustomed to the procedures and tools available to the OSI, the success of an inspection depends
on intuition and out-of-the box thinking by the inspection team. In most cases the scenarios that
an inspection team has to address could not be foreseen, hence, critical thinking and prompt actions
produces fruitful results of the inspection. As “unexpected” is the norm of such inspection, synergy
of observations and knowledge of inspectors has a paramount importance towards fulfilling the OSI
task.

COVID-19 situation made remote training of OSI tools and procedures mandatory, driving the In-
spectorate towards semi-automatic mode providing limited opportunities for team-building, while
hardly having sufficient room for diversified sentiments. Previous Integrate Field Exercises (IFE)
reveals the importance of having well-coordinated closely-bounded team, with a space for construc-
tive personal initiatives bringing into ever evolving on-field inspection progression. The OSI regime
shall implement process to assess the quality of remote training compared to in-house team-building
and need to device a cost-effective mechanism filling the gaps, accordingly.

P4.5-128 – Radiation Health and Safety Solution for Inspection Teams

Authors: Xuefeng Kong1; Hua Shang1

Co-authors: Xuefeng Li1; Wenhua He1; Jing Yang2; Yuan He2

1Shaanxi Weifeng Instrument Inc.
2HOPE Investment Development Co. Ltd.
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In practical scenarios, on-site inspection (OSI) could be conducted in a place of nowhere which is
in an environment with radiation hazards. Both OSI training courses and Integrated Field Exercises
should take into full consideration such conditions, so as to build up the inspection team’s opera-
tional capacity for real cases. From the perspective of inspection team functionality and inspection
team health and safety, besides suitable radiation protection solution for inspection team members,
radiation hazards prevention solution should take into consideration not only the radiation mon-
itoring of inspection team members in real time, checking the radiation level of inspection team
members at the base of operations (BOO) when they are coming back from the inspection area, but
also the checking of the radiation level of OSI equipment. This work would carry out a systematic so-
lution to radiation monitoring both of the inspection teammembers and OSI equipment. Equipment
includes radiation protection suits, wristband dosimeter for inspection team members, hands and
feet radiation checking equipment, whole body radiation checking equipment at BOO and radiation
checking equipment for inspection equipment and support vehicles.

P4.5-202 – Interagency Cooperation Based Global Navigation Satellite Systems
Solution to On-Site Inspection

Authors: Yong Sun1; Peng Li2

Co-authors: Chao Xue1; Yuying Zhang1; Yongbo Yu1; Jie Xu3; Chuanjun Li4; Yuan He5; Jing Yang5; Guangyao
Yang5; Jun Zhao1

1Space Star Technology Co. Ltd.
2China Arms Control and Disarmament Association
3China Academy of Space Technology
4Beijing Gosail Information Technology Co., Ltd.
5HOPE Investment Development Co. Ltd.

The International Committee on Global Navigation Satellite Systems (ICG), as an international mul-
tilateral platform under the United Nations Outer Space Agency (UNOOSA ), is promoting voluntary
cooperation on matters of mutual interest related to civil satellite based positioning, navigation, tim-
ing, and value added services. At the same time, the On-Site Inspection (OSI) Division of CTBTO, as
the neighbour of UNOOSA, is developing its essential Global Navigation Satellite Systems (GNSS)
positioning and navigation equipment for on-site inspection. As a matter of fact, GNSS positioning
and navigation equipment is still a classification of equipment whose application to OSI is still a
pending issue in Working Group B and policy making organs of the Comprehensive Nuclear-Test-
Ban Treaty Organization. This work would propose a 4-mode GNSS positioning and navigation
solution to OSI, which would involve interagency efforts and all the four major United Ntions de-
clared global satellite navigation systems, including GPS, GLONASS, GALELIO, and BEIDOU. This
solution is based on the ICG suggestion of compatibility, interoperability, and transparency among
all the GNSS systems. It would not only provide a more reliable and practical solution to in-field OSI
positioning and navigation, but also take into consideration keeping the balance between technical
sufficiency and practical feasibility.

P4.5-303 – On-Site Inspection in a Mountainous Environment: Lessons from a
Recent Field Test

Authors: Luis Gaya Pique1; Emilia Koivisto1

Co-authors: Andy Collinson1; Peter Labak1; Remi Colbalchini1; Nobuo Kimura1

1CTBTO Preparatory Commission

The conduct of an on-site inspection (OSI) in an area other than flat has been considered as an
additional challenge to the intrinsically demanding characteristics of such a mission. An effort has
been made in the past by the Provisional Technical Secretariat (PTS) to identify those difficulties that
are particular to the conduct of an OSI in a mountainous environment and to develop appropriate
solutions, but always as part of theoretical exercises. The Field Test of geophysical techniques for the
detection of deep observables conducted in the Austrian Ybbstal Alps in September 2022 represented
the first OSI field activity ever conducted in a pure alpine environment. The Field Test served to
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understand the current capabilities of the PTS to solve the technical and operational issues faced
in such an arduous setting. This paper lists the challenges encountered during the planning and
execution of the Field Test, describes the actions taken to mitigate them, and identifies lessons to be
learned for the successful conduct of future OSI activities in mountainous areas.

P4.5-429 – Update on Tools to Support On-Site Inspection Equipment Calibra-
tion, Maintenance and Protection

Author: Remi Colbalchini1

Co-authors: Alana Campbell1; Aled Rowlands1; Jonetta Ng1; Mohamed Ali Nasri1; Samuel Toon1

1CTBTO Preparatory Commission

To meet the requirement to certify that on-site inspection (OSI) deployed equipment has been cal-
ibrated, maintained and protected, as mandated by paragraphs 38 and 39 of Part II of the Protocol
to the CTBT, the Provisional Technical Secretariat (PTS) has introduced a number of supporting
tools. This paper highlights initiatives to protect equipment and those used to support and record
the maintenance and calibration of equipment. The system for maintaining andmanaging OSI equip-
ment and software, EIMO, is now used on a daily basis, facilitating work at the CTBTO TeST Centre,
where it is used as the central database for all OSI deployable equipment. The custom browser based
application has been further expanded with the creation of new instances: a training instance for
capacity building and another for the testing and development of new functionalities. Among the
new features reported in this paper is the introduction of RFID tags and checks, which represent
an important milestone required for the protection of equipment. To further protect deployable
equipment, storage containers now have individual locks with keys stored in a two-factor authenti-
cation key cabinet, with access assigned on a key by key basis. Similar access control is also being
considered for use during OSI deployment.

P4.5-627 – On-Site Inspection: Inspected State Party Perspectives Towards Suc-
cessful Inspection

Author: Nalin de Silva1

1Geological Survey and Mines Bureau

The behavior of the inspected State Party (ISP) is one of the elements that has not been adequately
analysed in an on-site inspection (OSI), though the same has a grave impact on the inspection. Gen-
erally, three distinct common scenarios lead to a request for a review: ambiguous natural events
that associate with partial nuclear emission, nuclear accident and a violation of the Treaty via a nu-
clear test. In these three instances, the ISP reaction and the behaviors would be very different; close
cooperation is expected in the first event as both ISP and the inspection team are driven towards
the common objective of assessing the cause of the incident. A partial concealment is expected in
the second scenario, particularly driven by “national pride”. The third situation, if occurs once the
Treaty enters into force, the behaviors of the ISP would be very different with a minimum degree
of cooperation. In such a situation, the ISP is destined to disturb the inspection while adhering to
the minimum Treaty obligations. Inspection team engagement with the ISP shall be trained and
practiced for distinct, yet common scenarios for an effective inspection.

P4.5-629 –AnOverviewof InspectionTeamFunctionality and FieldTeamFunc-
tionality

Author: Feihong Kuang1

Co-authors: George Tuckwell2; Luis Gaya Pique1

1CTBTO Preparatory Commission
2RSK Group
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An on-site inspection (OSI) is a complex forensic investigation that requires a systematic approach
that considers the operational, technical and time constraints specified in the Treaty. The informa-
tion led inspection team functionality (ITF) and field team functionality (FTF) are comprehensive and
systematic concepts that serve as essential guidance for the inspection team to conduct its missions
during an OSI. This poster visualizes the ITF/FTF concept as three operational cycles: logic cycle, de-
cision cycle and operation cycle. It illustrates how the concepts run and guide the inspection team’s
daily inspection activities.

P4.5-648 – Projection System for the On-Site Inspection Airborne Simulator

Author: Aled Rowlands1

Co-author: Kornel Szalay2

1CTBTO Preparatory Commission
2Institute of Technology, Hungarian University of Agriculture and Life Sciences

The airborne simulator, used to develop and test on-site inspection (OSI) airborne equipment config-
urations as well as train surrogate inspectors, is being upgraded to provide more realistic training
opportunities. The simulator, a converted Mi-2 airframe, now features adjustable window panels
and is being supplemented with a projection system that will provide real world views of the terrain.
The projection system, once fully implemented, will be comprised of a surface that extends in an
arc from the nose of the airframe to the rear most window of the fuselage onto which real world
views are projected. The projection and flight parameters will be controlled by the session tutor
via a computer. Trainers will also be able to preload flight lines with information including, speed,
banking angle during turn etc., and alter flight parameters in real time e.g. speed, pitch, roll and yaw.
The project, due for completion in 2023, will provide an enhanced training experience with realistic
views of the terrain at flying heights of 100 to 1500 metres above the ground.

P4.5-771 –Development of Software Tools to Support Operations at theOn-Site
Inspection Field Laboratory

Author: Xavier Blanchard1

Co-authors: Jonetta Ng1; Robin Riedmann1; Aled Rowlands1; Oleksandr Sukhotskyi2; Serhiy Vasilyev2

1CTBTO Preparatory Commission
2Instrumental Software Technologies, Inc. (ISTI)

As part of the GIMO software platform, developed to facilitate the implementation of on-site inspec-
tion (OSI) search logic, specific applications have been developed to meet the requirements of the
on-site field laboratory. Broadly, these provide a framework and tools to meet the requirements of
environmental sample chain of custody, and sample management in the laboratory including sample
measurement and analysis. The architecture used as a basis for field laboratory applications devel-
opment, deployment and operation are summarized. Data security considerations are highlighted,
with particular emphasis placed on the development of a ‘kiosk’ application for the laboratory chain
of custody tablet, which restricts access to the relevant chain of custody application only. The work-
flow, together with the tools developed to facilitate the receipt of an environmental sample in the
laboratory, its storage, measurement and analysis are presented. Interactions between the GIMO
field laboratory application, measurement systems and analysis software ONIAB are highlighted.
This paper also addresses the means by which reports generated for a sample are moved to the ‘re-
ceiving area’, reviewed and classified, associated with sample id and then transferred to the relevant
‘receiving area’ based on classification status and then on to the ‘working area’.

P4.5-786 – Potential Application ofWallet Card for Radiation Zones to Inspec-
tion Team Health and Safety Protection in Inspection Areas
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Author: Salwa Al-Salhy1

1Radiation Protection Center, Ministry of Environment

According to Iraqi Radiation Law No. 99 of 1980, the Radiation Protection Center (RPC) is a regula-
tory body in Iraq responsible for monitoring radiation workers. This is done by providing them with
personal dosimetry TLD, ED, monitoring Iraqi environment (soil, water, air) and gamma radiation
monitoring. For their health and safety we prepared and designed the wallet card to maintain the
radiation doses of an inspection team on-site within ALARA principle to reduce the potential doses
of radiation and radioactive materials. The wallet card includes: zone, radiation field, contamina-
tion and control and with values for each one (i.e. background, safe, low, medium and very high ).
All values are according to the instructions of the IAEA. This wallet card is very important for the
inspection team in the inspection area because if a zone is very high (>10 mSv/hr ) that needs pre-
work planning; pre-work planning; ALARA controls; health and safety team in the inspection area
TL, approval: written work plan and Director General authorization. Also the wallet card supplied
by RPC to inspectors in radiological emergencies as the RPC is a member of National Emergency
Committee, in Iraq with other ministries which are MOST, Health, Defense, etc.

P4.5-879 – Comparative Analysis of On-site Inspection Training Programmes
and Methods

Authors: Franz Ontal1; Ryan Gonzalez1; Tatiana Boitsova1

1CTBTO Preparatory Commission

Conducting an on-site inspection (OSI) requires a large variety of resources, i.e. human, financial,
technical, etc. The preparation of human resources is a challenge due to the disciplinary diversity of
equipment and procedures used. The design of a training programme for future surrogate inspectors
is an important task because the human factor largely determines the effectiveness and success of
the OSI.The goal of this work was to assess the effectiveness of the OSI Training Programme through
a comparative analysis of applied approaches and their interrelationships. The comparative evalua-
tion of online and on-site training methods was done based on six criteria: flexibility, practical skills
training, theoretical knowledge, and training capacity. The weaknesses and strengths of each train-
ing method were identified. A new training concept including optimization of used methods was
proposed, resulting in a 10–15% improvement in the effectiveness of the entire training programme
on average. New ways of online learning and its integration with on-site courses were presented.
The Kirkpatrick model and the results of the first in-field operation support refresher course were
used to conduct a preliminary evaluation of the new OSI training programme, which demonstrated
the concept’s effectiveness and cost efficiency.
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O5.1 CTBT science and technology policy

O5.1-208 – India’s Response to Nuclear Technology in the Post-Fukushima Pe-
riod

Author: Shubhankshi Sonker1

1Jawaharlal Nehru University

The paper attempts to understand India’s response to nuclear technology in the post-Fukushima
period in the light of the debate concerning the safety, security and future of nuclear technology.
Post-Fukushima period has generated a genuine, democratic and serious deliberation over nuclear
technology which has called for public participation. As India has propounded multiple theories to
justify its embarkment on nuclear path, an attempt is made to identify different actors (youth, gov-
ernment and media). The present study tries to understand how these different actors conceptualize
nuclear technology. It is pertinent to understand why nuclear technology has faced vehement public
and political criticism in the post-Fukushima era. The paper tries to explore the dynamics between
state and non-state actors. The study tries to articulate the ideological and literary war which is
waged between science and society. It will explore the possibility of the participation model which
calls for genuine deliberations and respect for local socio-political milieu, knowledge and belief pat-
terns among all stakeholders, thus aiming to resolve the conflict between the two. This model is an
effort to challenge the hegemony of science by transferring scientific knowledge from science elites
to commons thus bringing about democratization of scientific knowledge and technology.

O5.1-391 – The Comprehensive Nuclear Test Ban Treaty: A Peaceful Step For-
ward

Author: Niki Vaahedi1

1University of British Columbia

Sanctions are often imposed on countries with nuclear programs, such as Iran. The impact of the in-
ternational sanctions and the United States’ sanctions on Iran, specifically since the deterioration of
the Joint Comprehensive Plan of Action, has been extensive. The sanctions have crippled Iran’s econ-
omy and caused shortages in food, medication, and humanitarian aid. Accordingly, these sanctions
have led to thousands of avoidable deaths in Iran, breaching the international right to health and
right to life of Iranians. First, this presentation will outline how sanctions are not a viable solution
for maintaining global peace. Instead, the Comprehensive Nuclear Test-Ban Treaty (CTBT) provides
a viable, long term solution for international safety. Accordingly, the United States and Iran must
ratify the CTBT. Under international law, both the United States and Iran are under obligations to
reduce adverse effects of sanctions, which could include ratifying treaties such as the CTBT. Second,
this presentation will discuss the positive outcomes stemming from Iran and the United States rati-
fying the CTBT. Lastly, this presentation will discuss avenues to raise awareness about the CTBT in
the United States and in Iran. Specifically, social media and youth involvement will play an immense
role in promoting the CTBT in both countries.
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O5.1-597 – CTBTO Can Lead the Change: Its Position in the International Sys-
tem of Nuclear Arms Control

Author: Celso Vargas Elizondo1

1The Costa Rica Institute of Technology

CTBT’s Article II, Subsection 8 provision could provide an interesting framework for leading dif-
ferent collaborative initiatives aimed at achieving nuclear weapon control, reduction or elimination
goals. These goals should be settled in a new context in which new deployment of nuclear warhead
in NATO members, the starting new nuclear race, the possibility of constructing undetectable com-
puter simulation based new weapons, and the potential nuclear arm proliferation. For supporting
this CTBTO role, it is reviewed the main UN agreed treaty resolutions. A comparison of the faculties
provided in these treaties will help to appreciate the relevance of CTBTO leading provision. Two
main diplomatic models are available currently. The first one oriented to prohibit total or partially
nuclear weapons by resolution (The Treaty on the Prohibition of Nuclear Weapons (TPNW), free
nuclear weapon zones and bilateral and trilateral agreements, among others); the second, the nego-
tiations framed within the Article VI of the Non-Proliferation Treaty. These two frameworks could
be compatible. Our claim is that the CTBTO can lead or contribute decisively in leading negotiations
in both frameworks. Additionally, a list of successful strategies that were used for creating nuclear
momentum is made, and some possible collaborative initiatives are discussed.

P5.1 CTBT science and technology policy

P5.1-037 – Efforts Challenges and Way Forward for the CTBT Entering into
Force

Author: Abdulmajeed Ibrahim1

1Nigerian Nuclear Regulatory Authority

An effective response to the threats and challenges of the 21st century can only be achieved through
the coordinated efforts of the international community, through the UN and international law. Al-
though the role and significance of the CTBT cannot be overestimated, this role has been hampered
due to the inability of the CTBT to enter into force, because ratification by eight Annex 2 states is
still required. Of these, three States are yet to sign the Treaty. The current conflicts can jeopardize
all historical gains, resulting in another nuclear weapon arms race. Several efforts have been made
to get these Annex 2 States to sign and/or ratify the Treaty. Some efforts are through diplomatic
means and lobby, but these seems not to be very effective. This work reviews some of these efforts
and challenges and propose effective solutions, through engagements of all stakeholders in the af-
fected sates, including think tanks, NGOs and Government officials. I propose that a “Conference
on the Entry into force of the CTBT” should be organized bi-annually until the CTBT enters into
force. The venue should be rotated between the remaining eight Annex 2 states, to raise awareness
and directly engage all stakeholders.

P5.1-113 – Nuclear Justice Mechanisms: A Case Study of Nuclear Testing at
Semipalatinsk and the Marshall Islands

Author: Kseniia Pirnavskaia1

1Open Nuclear Network, KAIST

Nuclear justice associated with the humanitarian consequences of nuclear explosions has become a
prominent issue in the broader nuclear weapons discussion since the 2010 NPT Review Conference
when States Parties expressed their “deep concern at the catastrophic humanitarian consequences
of any use of nuclear weapons.” Notably, the term “nuclear justice” within this work exclusively
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refers to the various forms of redress of communities affected by nuclear testing as well as environ-
mental remediation. Non-nuclear weapon States have formed the Humanitarian Initiative, the latest
joint statement of which has been supported by 159 States. Moreover, built upon the Humanitarian
Initiative, the Treaty on the Prohibition of NuclearWeapons (TPNW) entered into force in 2021. Nev-
ertheless, other mechanisms exist in international and national law and practice forming a broader
architecture of response to such humanitarian crises, and CTBTO is part of this architecture. In the
research, I will explore how effective the existing instruments are and which have been successful in
the cases of nuclear testing in the Marshall Islands and Semipalatinsk. The goals of this research are
to identify how these cases have been addressed; what can be learned from the previous practices;
what else can be done considering new emerging legal norms and what role CTBT(O) can play in
this process.

P5.1-373 – Towards Transformative Science: Advancing Knowledge Co-Pro-
duction on theComprehensiveNuclear-Test-BanTreatyUniversalization

Author: Maharani Hapsari1

1Universitas Gadjah Mada, Indonesia

Studies on the CTBT universalization may benefit from understanding the social dimension of treaty
ratification beyond techno-scientific endeavors. Within the emerging academic debate, the role of
epistemic community, understood as a network of socially recognized experts in a highly techni-
cal issue, with the authority to translate scientific knowledge and social practice to certain policy
outcomes, is worth considering thoroughly. This study aims at: (1) mapping knowledge produc-
tion relationship involving CTBTO affiliated epistemic communities and other domestic constituents
(wider people, groups and organizations) in ratifying countries (2) examining the context in which
such relationships foster social learning and strengthen interests in ratification by the Annex II gov-
ernments. Bringing knowledge co-production as an analytical framework aligned to the above ob-
jectives, this study examines how epistemic communities in selected states parties condition the
wider cognitive and social bases of policy knowledge conducive to treaty ratification. A qualitative
analysis of knowledge co-production identifies epistemic community’s roles in knowledge framing,
practice, accumulation, dissemination, as well as policy and public engagement. This study argues
that as CTBT becomes a global knowledge undertaking, the role of epistemic community has ex-
tended from merely providing techno-scientific bases of policy certainty to navigating the broader
sociological interactions through science-policy-public interfaces.

P5.1-526 –Daring inDilemma: Raison d’Etre of Indonesian LegalContribution
to Comprehensive Nuclear-Test-Ban Treaty and Its Challenges

Author: Wahyu Yun Santoso1

1Faculty of Law Universitas Gadjah Mada Indonesia, Gadjah Mada Centre for Environmental Studies (PSLH-UGM)

Indonesia’s active involvement in nuclear politics can be traced back to the preparation committee
for the establishment of the International Atomic Energy Agency (IAEA). During its first decade of
Independence, the Government of Indonesia (GoI) elaborated its international politics of non-block
by becoming a member of IAEA notwithstanding the high cost effect of the membership. Supporting
IAEAmission in accelerating the contribution of nuclear technology for peace, health, and prosperity
of theworld, GoI also established national atomic energy in 1958, a daring decision at the time. Albeit
the slow pace of nuclear energy development at the national level, GoI has shown its commitment to
creating a world without nuclear weapons by ratifying the Comprehensive Nuclear-Test-Ban Treaty
(CTBT) in 2011, though it has not yet entered into force. As the energy crisis has become a global
scale problemnowadays, tardiness of nuclear power plant utilization has created a dilemma in energy
resilience and sustainability in Indonesia. This paper aims to analyse the legal rationale behind
Indonesia’s ratification of CTBT and the socioeconomic challenges affected. Further, this paper will
explore geopolitical perspective of Indonesia’s commitment to CTBT and the best available strategy
should be imposed to harmonize this commitment with expediency.
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P5.1-589 – Attention or Drill: The Case of North Korea Nuclear Device Testing

Authors: Doreen Matibe1; Joel Okundi Obengo2

1Independent Researcher
2Kenyatta University

In this continuously globalized world with its vulnerability in the event of deployment of nuclear
weapons in conflicts, testing of nuclear device appears to have assumed a redefined aim far beyond
the traditional conceptualization. This new function can be seen in the context of recent nuclear de-
vice tests by Democratic People Republic of Korea (DPRK). Nuclear device test scholarship has been
a major source of critique, theoretical intervention and analytical insight for disciplinary and trans-
disciplinary knowledge. These accomplishments have relied on activist research. The paper proposes
to explore knowledge production and dissemination/awareness initiatives of transnational/national
research institutes, the media, civil society with respect to nuclear device test as well as diverse
‘global’ perceptions of such crises internationally. Central is the question of how “testers” view
their respective publics and in turn how such public’s view and make sense and consume what is
conveyed to them through nuclear testing.

O5.2 Synergies with global challenges

O5.2-076 – Towards a Real Time Early Tsunami Warning System by Acoustic
Gravity Wave Theory

Author: Usama Kadri1

Co-authors: Ali Abdolali; Maxim Filimonov1

1Cardiff University

Tsunamis have a long history of devastation, causing more than 250,000 deaths worldwide during
the last two decades. Current rapid warning systems rely on the earthquake magnitude mainly
resulting in over three-quarter of alarms being false. Aiming at reducing false alarms we have de-
veloped a complementary real time early tsunami warning system methodology. The methodology
is based on analysing acoustic signals under the effects of gravity, known as acoustic gravity waves
(AGWs), that are generated together with the tsunami. The signals travel at the speed of sound in
the medium which far exceeds the maximum phase speed of the tsunami. AGWs carry information
about the source which is recorded by remote hydrophones (underwater microphones). Analysing
these recordings in real time, requires solving both the inverse and direct problems, which are the
main strength behind the proposed warning methodology. In addition, we use machine learning
to classify the type of earthquake mode of strike. In this talk I shall discuss various AGW theories
and applications, both fundamental and applied, and how analysing CTBTO hydrophone data con-
tributed to the development of new mathematical models. Attention will be focused on the real time
early tsunami warning system methodology that has been further developed into an operational
software.

O5.2-376 – Enhancing Tsunami Detection and Early Warning in Timor-Leste

Author: Ida Costa Babo1

1Civil Protection Authority

Timor-Leste is a small country that lies along the Pacific Ring of Fire. According to Think Hazard,
the entire country’s exposure to earthquakes is high, which suggests that there is more than 20%
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chance of potentially-damaging earthquake shaking in the country in the next 50 years. Moreover,
as a country surrounded by about 706 kilometres of coastline, it also faces the threat of tsunamis. In
the last century, three tsunami episodes have been recorded along the country’s northern coast. Cur-
rently, Timor-Leste is partnering with Australia and Indonesia to monitor earthquakes and tsunamis.
However, issues with connectivity with neighbours’ warning agencies have made it challenging to
monitor earthquakes or tsunamis in real time. This weakness will seriously affect Timor-Leste’s
ability to provide timely warnings to evacuate or temporarily shut down facilities.
Timor-Leste, through the Civil Protection Authority (CPA), aims to strengthen its early warning
system by rapidly acquiring and disseminating critical information on significant earthquakes that
can potentially cause a tsunami. Through strong collaboration with CTBTO, the CPA would like
to leverage the predictive analytic capacity of the International Monitoring System to issue timely
warnings to save more lives.

O5.2-455 – Climate Change and Global Security Nexus: Prospects for CTBT

Author: Sweta Basak1

Co-author: Soma Basak2

1Jawaharlal Nehru University
2Presidency University

In recent years, the connections between climate change and security have drawn a lot of schol-
arly attention. Climate change adaptation measures frequently fall short of completely integrating
peacebuilding or conflict prevention aims, making already vulnerable communities further impov-
erished and less able to withstand interconnected climate and security problems. The CTBT, which
promotes a ban on nuclear tests, was opened for signature in 1996. The International Monitoring
System (IMS) is a significant part of the treaty’s verification regime and provides a wealth of data that
may be utilized for a range of purposes, including climate change research and catastrophe warn-
ing and mitigation. The IMS stations gather signals from a wide range of natural phenomena while
continuously searching the world for indicators of nuclear explosions in violation of the CTBT. The
information may also be used by institutions and scientists from all 183 CTBTOMember Nations for
scientific research on climate change and catastrophe warnings.

To begin with, the paper will explore the correlation between Climate Change and Global Security
and will sketch out prospective contributions CTBTO can make to the issue. Furthermore, analysis
of prospects for the IMS data for confidence-building measures for the non-signatory states will also
be discussed.

O5.2-465 – Promoting Peaceful Use of the IMS Data for Climate Research and
Climate Change Monitoring

Author: Vickijoy Makena Riungu1

Co-authors: Martin B. Kalinowski2; Vera Miljanovic Tamarit2

1Ministry of Water, Irrigation and Sanitation
2CTBTO Preparatory Commission

The CTBTO receives, collects, processes, analyzes, reports, and archives data from International
Monitoring System (IMS) facilities and makes it available to authorized users. Automatic processing
methods and interactive human analysis are done on a routine basis to raw IMS data in order to
produce and archive standard International Data Centre products.
The primary purpose of the IMS data is for nuclear explosion monitoring. However, these data
can also contribute to climate monitoring and climate change research, ultimately promoting the
resilience of communities and their ability to resist/adapt to climate change. The CTBT and its
monitoring data may create opportunities that could help address these issues.
Data from the IMS nuclear monitoring network can provide practical steps that can be used by States
Signatories and international organizations to protect the planet and its people. Climate change is
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the example used for this presentation to discuss the opportunities. It reviews scientific applications
of IMS data that have successfully been associated with contributing to climate research and climate
change monitoring so far. Based on these positive examples, this research makes suggestions on
how to further implement the use of IMS data to enhance climate change studies and how this data
can continually contribute to monitoring climate change.

O5.2-605 – Importance of IMS Data for the Tsunami Warning Centre in Bang-
ladesh

Author: Md Golam Rasul1

Co-authors: Md Hasinur Rahman1; Mohammad Rajib1

1Bangladesh Atomic Energy Commission

The geographical location of Bangladesh is at the northern most part of the Bay of Bengal having
a funnel shaped ending at the southern coast. Tectonically, the region is at the junction of the In-
dian and the Eurasian plate making an active tectonic zone of the world. Therefore, possibility of
earthquake in the ocean is likely to occur in any place of the region that can result to tsunami at
the area. Bangladesh is hosting an International Monitoring System (IMS) station (AS007, BRDH)
and a National Data Center (NDC-BD) since 2011, and hence invited to establish a TsunamiWarning
Agreement (TWA) with the CTBTO, thus benefiting from relevant IMS data to reinforce and comple-
ment early tsunami warning system. However, only the TWCs recognized by the Intergovernmental
Oceanographic Commission (IOC) of UNESCO are eligible to enter into such TWA with the CTBTO.
Bangladesh Meteorological Department (BMD) is recognized by IOC-UNESCO for issuing tsunami
warning information in the country. Therefore, the NDC-BD has the opportunity to initiate the pro-
posal to establish a CTBT-TWC in Bangladesh with the technical collaboration with BMD, where
present NDC-BD users will be able to utilize the TWC data for scientific analysis and interpretation.

O5.2-854 – A Comprehensive Report of M 7.5 14th December 2021 Flores Sea
Earthquake: Rapid Observation, Tsunami Early Warning and Aftershock Dis-
tribution

Author: I Made Kris Adi Astra1

Co-authors: Abraham Arimuko2; Dwi Karyadi Priyanto1; Dwikorita Karnawati1; Iman Fatchurochman1; Mo-
hamad Taufik Gunawan1; Dwi Hartanto1; Yohanes Agus Setiawan1; Cahyo Nugroho1; Suko Prayitno Adi1; Daryono
Daryono1; Bambang Setiyo Prayitno1; Sigit Pramono1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)
2College of Meteorology Climatology and Geophysics (STMKG)

A success tsunami early warning issued to the public just after the occurrence of M7.5 earthquake
located in the Flores Sea-Indonesia on 14th December 2021. Rapid seismological observation involv-
ing 6 CTBTO seismometers in Indonesia, 440 Indonesian Meteorology Climatology and Geophysics
Agency (MCGA) broadband seismometers, 5 borehole seismometers and 167 neighboring countries
seismometers. Following the Indonesia Tsunami Early Warning System (InaTEWS) protocol the
warning set into four mechanism which urged the inhabitant to evacuate at the highest warning
level.
We produce an automatic shake-map by means of intensity level map based on 31 strong motion ac-
celerometers recording around the epicenter. We conduct advance earthquake relocation procedure
to the initial catalog comprising 750 aftershock events until 8 days after the mainshock. Earthquake
migration over geographical longitude indicated that four earthquake clusters exist. Full moment
tensor inversion depicted that the source mechanism dominated by strike-slip movement, however
several thrust mechanisms are also observed. We presume that the dextral movement of mainshock
is the major cause of the minor tsunami. Then, by using seismo-statistical approach, we predict
the aftershock productivity will be end by means of producing zero aftershock at 45 days after the
mainshock.
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P5.2 Synergies with global challenges

P5.2-008 – Climate Change, Global Warming, Tsunamis, Earthquakes and the
Role of the CTBTO

Author: Roberto Betancourt A.1

1Venezuelan Foundation of Seismological Research (Funvisis)

There is a heated debate in the scientific community about possible effects of changes on the planet’s
surface due to global warming, frequency and magnitude of earthquakes, and tsunamis triggered by
earthquakes. Some studies point to seasonal modulations of deep slow slip and earthquakes in the
main thrust of the Himalayas or increased risks at coastlines. One aspect that everyone seems to
agree on is the instantaneity and level of destruction. Adding to the danger is that each State is
responsible for issuing warnings to its population through National-Tsunami-Warning-Centres or
similar authorities. The decision to issue an alert is based on its own analysis of the situation. Along
with earthquake alerts, CTBTO has provided valuable tools and knowledge to improve research and
development content in this area.
This study evaluates the advances of the States that are affected by earthquakes, that have coasts
in the Caribbean, that could be negatively affected by the foreseeable actions of Climate Change,
to guide the technological prospective actions in the creation of their own alert centres for climate
change, earthquakes, tsunamis and the interaction of these as a large network that might be led by
CTBTO.

P5.2-045 –Analysis of Potential Impact of Tsunami inWest Papua due toNorth
West Papua Earthquake Using TOAST Modeling

Author: Lestari Naomi Lydia Pandiangan1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

Indonesia is a relatively high seismic activity region and one of the most active areas is the West
Papua. TOAST is a software used for tsunami modeling simulations that can provide results quickly
and in real time. Analysis of the impact of the tsunami using TOAST shows that based on the
earthquake scenario on 10 October 2002 for the magnitudes varying from 7.0 to 8.0, the highest
tsunami wave was recorded in the northern Sorong area with a height from 0.066 to 3.345 meters.
Meanwhile, with a magnitude from 8.5 to 9.0, a tsunami was recorded in the Manokwari area with
a height from 1.976 to 2.906 meters. The fastest estimated time arrival (ETA) was recorded in the
northern Sorong area with an interval of about 3 minutes. For the earthquake scenario on 3 January
2009 with a magnitude between 7.0 to 8.5, the highest run-up was recorded in the Wondama Bay
area with a height from 0.178 to 5.546 meters. For a magnitude of 9.0, it was recorded in Manokwari
with a wave height of 2.906 meters and the fastest ETA was recorded in the Wondama Bay area with
an interval from 8.25 to 8.5 minutes.

P5.2-048 – Community Preparedness for Tsunami Disaster: A Case Study for
Tsunami Ready Community in Glagah Village, Kulon Progo, Yogyakarta - In-
donesia

Author: Setyoajie Prayoedhie1

Co-authors: Ayu Krisno Ekarsti1; Berta Yudhiastuti1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

The activity of the subduction zone in the south of Java island has been generating severe earth-
quakes and tsunami events in the past. This natural disaster made the southern region of Java,
including the Yogyakarta special region (DIY), prone to incoming tsunamis. Kalurahan Glagah, a
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village in the south part of DIY, is one of 1,013 villages in Indonesia that has a high tsunami vulner-
ability, so it is necessary to prepare its community for a tsunami that can occur at any time.
We have assisted the local government in increasing the preparedness of its people in dealing with
the tsunami. Through the capacity building program such as Earthquake Field School and providing
detailed tsunami hazard maps using the worst-case scenario. Based on numerical modeling results,
we identify that the Mw8.8 earthquake can generate a tsunami wave as high as 22 m with a wave
arrival time of 38 minutes on the coastline of DIY. The existence of Yogyakarta International Air-
port in Glagah Village as an earthquake-resistant structure means that this airport can be utilized
as a vertical evacuation place. The synergy between stakeholders has received national recognition
from Indonesia’s National Tsunami Ready Board and seeking international recognition by UNESCO
Intergovernmental Oceanographic Commission.

P5.2-058 – Seismic and Volcanic Networks in Real Time of Instituto Geofísico
in Ecuador: Performance, Evaluation and Optimization

Author: Cristina Ramos1

Co-authors: Ana Peralvo1; Cristina González1

1Instituto Geofísico de la Escuela Politécnica Nacional (IGEPN)

The Instituto Geofísico of the Escuela Politécnica Nacional (IGEPN) is in charge of the monitoring
and study of seismic and volcanic activity in the Ecuadorean territory. The networks include mon-
itoring seismic, volcanic and geodetic networks with 105 seismic stations, 11 infrasound sensors,
67 strong motion sensors, 65 GPS of high accuracy and more than 56 stations for lahar detection,
gas analysis and visual monitoring in active volcanoes; all of them with real time transmission pro-
vided by different and independent technologies: satellite, microwave owned by IGEPN, fiber-optic
with 16 nodes in different places in Ecuador, Internet and own subnets with analog or digital ra-
dios, which represent 90% of all instrumentation installed in Ecuador. This maintains the National
Processing Center for Issuing Seismic and Volcanic Alerts, which operates 24/7 and supplies the in-
formation by email, fax, radio, Telegram, Facebook, Twitter and website automatically three minutes
after seismic event occurs. This article describes actual network coverage, performance, evaluation
and optimization of real time transmission network, with analysis from 2016 to present.

P5.2-106 – Climate Change and the Increased of Registered Seismic Events,
Effects in the Caribbean

Author: Roberto Betancourt A.1

1Fundacion Venezolana de Investigaciones Sismologicas (FUNVISIS)

Scientific data shows that glaciers are melting due to Climate Change driven by global warming with
some results showing an impact in the amount of seismic activity. If glaciers thawed, the enormous
weight bearing down on the Earth’s crust is reduced, experiencing what geologists refer to as a
“post-glacial rebound.” This process might reactivate faults and lift pressure on the subterranean
reservoirs containing molten silicate fluid beneath a volcano in subduction zones an oceanic plate
moves under another plate, therefore increasing seismic activity. Using correlation coefficient and
regression analysis based on two previous case studies, this paper explores the relationship between
temperature rise due to global warming and earthquake frequency in the Carribean Basin.

P5.2-130 – Preserving Past Tsunami Banggai 2000

Author: Litanya Octonovrilna1

Co-authors: Admiral Musa Julius1; Alfath Abubakar1; Ardito Marzoeki Kodijat2; Januar Arifin1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)
2UNESCO
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Past earthquakes in the Banggai area were not widely reported. Lack of information on the source
mechanism and the tsunami made it difficult to obtain a complete picture of the disaster events. The
earthquake and tsunami on May 4, 2000 is one example. The tsunami earthquake that occurred,
although very local in nature, had quite an impact in some locations. However, generating mecha-
nism correlated with earthquake sources, propagation and affected areas is not sufficient and raises
a number of questions.
Using historical global seismic data, we identify the characteristics of the earthquake’s source and
propagation in the Banggai region. Investigation of the source mechanism’s characteristics also re-
vealed that the tsunami was generated by sources other than tectonic earthquakes, such as a subma-
rine landslide. This indication is reinforced by the result of field surveys that show non-uniformity
of inundation in the affected areas. This study of the historical earthquake and tsunami impact is
critical to determine disaster impact in the future. It serves as an input and reference for the local
government’s disaster mitigation efforts.

P5.2-142 – Integrating CTBTO Data in Academic Research of Environmental
Science and Disaster Management in Bangladesh

Author: Mahfuza Parveen1

Co-authors: A. B. M. Kamal Pasha1; Rajib Mohammad2

1Daffodil International University (DIU)
2Bangladesh Atomic Energy Commission

Bangladesh, a major part of the Bengal Basin, is an earthquake prone country due to its location
at the junction of two major tectonic plates. The complicated geology of this basin is responsible
for occurring several major and minor earthquakes in Bangladesh and its adjacent areas. The conse-
quence of the earthquake and other natural disasters would be devastating for the country and its
surplus population, and faulty and unplanned infrastructures. The Department of Environmental
Science and Disaster Management of Daffodil International University has the scope of initiating
a wide range of academic research covering such geological, environmental and disaster related
courses. Seismic data analysis to obtain information on crust-mantle boundary or deep geological
layering in this area could be one of the important aspects among this research. The department has
strong collaborationwith the National Data Centre of Bangladesh under CTBTO throughwhich such
research can be implemented. Seismic travel time data, radionuclide distribution, and hydroacous-
tic data towards tsunami early warning system, climate change investigation etc. from the virtual
Data Exploitation Centre (vDEC) could be utilized through academic activities of various students,
who are the representatives of youth in Bangladesh. This will contribute to improve the disaster
preparedness systems of the country.

P5.2-143 – Effect of the Monsoon on Radioactivity Concentrations of Pb-212F
and Be-7 in Particulate Matter at THP65

Author: Thawatchai Itthipoonthanakorn1

1Office of Atoms for Peace

IDC data of radioactivity concentration of natural radionuclides in particulate matter collected at
THP65 station have been studied their behaviors over a year. A significant difference of radioactivity
concentrations of Pb-212F and Be-7 between wet and dry seasons has been found. North-east and
south-west monsoons occurring on dry and wet seasons have been discussed their impacts on level
of radionuclides. It is concluded that the air mass, including associated particular matter, originating
over the Asian landmass is directed into Thailand by the north-east monsoon in the dry season and
moist air from the Gulf brought into Thailand in the wet season are the reasons why radioactivity
concentrations of Pb-212F and Be-7 in particular matter at the THP65 are higher and lower during
the dry and wet seasons.
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P5.2-162 – Observed Tidal Effects in the Fine Temperature Variations Mea-
sured in a Deep Underground Tunnel of the Northern Caucasus Geophysical
Observatory of IPE RAS

Authors: Dmitry Likhodeev1; Valentin Gravirov1

Co-author: Konstantin Kislov2

1The Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)
2Institute of Earthquake Prediction Theory and Mathematical Geophysics (IEPT RAS)

The location of the Northern Caucasus Geophysical Observatory of the Institute of Physics of the
Earth, Russian Academy of Sciences (IPE RAS) in the immediate vicinity of the magma chamber of
the Elbrus volcano makes it possible to obtain unique data on the structure and dynamics of the ther-
mal field in its vicinity. A precision temperature observation system was developed at the IPE RAS
some years ago. During this time, we received first results of observations of natural temperature
variations with an accuracy of up to one thousandth of a degree. The observed diurnal and semidiur-
nal harmonics found in microvariations of the underground temperature may be associated with the
convective component of heat and mass transfer, which is largely determined by the corresponding
changes in the regime of regular fluid migration due to the periodic influence of the combined solar-
lunar tide effects on the geophysical medium in the deep underground tunnel. Estimation of the
contributions of the conductive and convective components to the heat flow will make it possible
to draw conclusions about the dynamics of the fluid-magmatic system of the Elbrus volcanic center
and study the mode of its functioning, and can also be used directly for monitoring volcanic hazard.

P5.2-209 – Use of the Auxiliary Seismic Station APG (AS-037) for the Analysis
of a Seismic Sequence in the North Region of Guatemala

Author: Robin Yani Quiyuch1

1NDC-INSIVUMEH

On January 4, 2018, two earthquakes reported by the population were recorded in the northern
region of Guatemala. These were characterized with the National Seismological Network (RSN),
however another thirty-nine earthquakes of smaller magnitude could only be recorded by the Aux-
iliary Seismic Station APG (AS-037) due to the high standards that its facility meets for its use in
monitoring of possible nuclear explosions.
This paper describes the use of APG (AS-037) for the characterization of these earthquakes (arrival
times seismic waves, epicentral distances, magnitude and possible location) and their possible asso-
ciation with local geological faults, using techniques for the description of a seismic sequence using
a single seismic station. These results provided important information for the subsequent proposal
to improve the RSN in the region.
Currently, Instituto Nacional de Sismología, Vulcanologia, Meteorologia e Hidrología
(INSIVUMEH) has expanded its network of seismological stations, of which APG has been integrated
into the permanent monitoring routines, being one of those with the highest detectability of both
local, regional and distant earthquakes. In addition, it has the cooperation of seismological networks
of neighboring countries. Consequently, the seismic catalog in has increased the number of recorded
earthquakes, with a better quality of information and knowledge of seismic hazard.

P5.2-288 – CTBTOVirtual Data Exploitation Centre (VDEC) as aWay to Access
Data Collected by the International Monitoring System

Authors: Jolanta Kusmierczyk-Michulec1; Remmy Phiri1

Co-authors: Christos Saragiotis1; Megan Slinkard1; Pierrick Mialle1; Martin B. Kalinowski1; Tiago Oliveira1; Riche
Laput1

1CTBTO Preparatory Commission
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Data collected by the International Monitoring System (IMS) represent four complementary tech-
nologies: seismic, hydroacoustic, infrasound and radionuclide. The main objective of acquiring IMS
data is to detect and identify nuclear explosions on land, in the oceans, and in the atmosphere. How-
ever, the data are also extremely valuable for scientific studies e.g., to investigate the migration
pattern and population density of marine mammals, or to track radiation on a global scale. These
applications provide a benefit to the main purpose of detecting nuclear explosions by improving
monitoring algorithms and our ability to discriminate between explosion signals and what is con-
sidered noise from the CTBT perspective. The vast amount of IMS data archived over two decades
can be accessed via the virtual Data Exploitation Centre (vDEC). After signing a zero-cost vDEC
contract (which contains legal requirements), scientists and researchers from many different disci-
plines and from around the globe, can get access to the IMS data to conduct research and to publish
new findings. This presentation provides insights related to the vDEC platform and gives a statis-
tical overview of all past and current scientific applications, including several examples of topics
addressed with IMS data accessed under vDEC contracts.

P5.2-296 – Climate Change as Observed by the CTBTO Radionuclide IMS Sta-
tions: the Case of Spitzbergen

Author: Jolanta Kusmierczyk-Michulec1

Co-author: Jonathan Bare1

1CTBTO Preparatory Commission

The InternationalMonitoring System (IMS), installed andmaintained by the Comprehensive Nuclear-
Test-Ban Treaty Organization (CTBTO) with the support of States Signatories, is a global system of
monitoring stations composed of four complementary technologies: seismic, hydroacoustic, infra-
sound and radionuclide. One of the IMS radionuclide stations is located in Spitzbergen, a place
where, based on many lines of evidence, the signs of climate change are noticeable. Spitzbergen
is the largest island of the Norwegian Svalbard archipelago, in the Arctic Ocean. Warming of the
atmosphere and oceans has been accompanied by sea level rise and a strong decline in Arctic Sea ice.
Among other natural radionuclides, Pb-212 is always observed at IMS stations, in varying quantities,
including at the Spitzbergen station RN49. The increase of surface temperature has an influence on
the amount of Pb-212 released from the ground surface. This study based on almost twenty years
of measurements (2003-2022) by the CTBTO demonstrates that variations of Pb-212 activity concen-
trations may be connected to climate variations.

P5.2-321 – Review on the Use of IMS Radionuclide Observations for Scientific
Studies Related to the Fukushima Daiichi Nuclear Power Plant Accident

Author: Martin B. Kalinowski1

1CTBTO Preparatory Commission

In the months following the Fukushima Daiichi nuclear power plant accident, the IMS radionuclide
stations observed elevated concentrations of anthropogenic radionuclides throughout the northern
hemisphere. These data are available for scientific research through the virtual Data Exploitation
Centre (vDEC) after signing a cost-free confidentiality agreement with the CTBTO. Part of these
radionuclide concentrations were given to UNSCEAR for inclusion in their 2013 report. These data
are highlighted in its scientific Annex on “Levels and effects of radiation exposure due to the nuclear
accident after the 2011 great east-Japan earthquake and tsunami” as being unique in terms of the
global coverage and the broader range of radionuclides than reported elsewhere, including four
radioxenon isotopes. This presentation reviews the use of these data in dozens of peer-reviewed
scientific papers. The most frequent application is the reconstruction of the source term for 137Cs,
131I, and 133Xe. Further applications include studies of wet deposition rates, enhancements for
atmospheric transport modelling methods, reconstruction of release patterns, assessment of reactor
damage, and environmental impact.
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P5.2-330 – Preventing the Effects of Natural Disasters and Nuclear Test with
the CTBT Verification Technologies for Myanmar

Authors: Aye Aye Thin1; Zin Nwe2

1Ministry of Education
2Department of Atomic Energy

Myanmar is exposed to multiple natural disasters including cyclones, earthquakes, tsunamis etc.
Myanmar has signed tsunami warning agreements with CTBTO. Myanmar can access IMS database
and IDC products. These data together with national natural disaster monitoring means will be
used to identify disaster prone areas of the country. Creating public knowledge about disaster prone
areas and the level of vulnerability to lives and properties in disaster events is key in disaster safety
planning. If there is any nuclear accident or test in neighboring countries, Myanmar has activities for
environmental radiological monitoring. To enhance the quality and coherence of decision making
following nuclear emergency, working group of Myanmar has participated in JRODOS (Real-time
On-line Decision Support System) exercises from EU. Myanmar has proposed locations of MMC,
GDRMS and SWDRMS around the country. After the Fukushima incident occurred, IDC’s radiation
database has been used to inform local people on the distribution of radiation in the atmosphere.
Myanmar has also participated in the ConvEx exercises from IAEA and is a member of Establishing
a Regional Early Warning Radiation Monitoring Network and Data Exchange Platform in ASEAN
to mitigate hazard and to save lives from natural disasters.

P5.2-464 – SeismicNetworkExpansion in theCaucasus andCentralAsia (SNEC-
CA)

Authors: Andrea Chiang1; Rengin Gok2; Tea Godoladze3; Anna Berezina4; Ana Aguiar1; Kasey Aderhold5; Ka-
trin Hafner6; Robert Woodward5; Kevin Mackey7; Josh Stachnik8; Hektor Babayan9; Gurban Yetirmishli10; Natalya
Mikhailova11; Beimbet Ashirov12; Sobit Negmatullaev13

1Lawrence Livermore National Laboratory (LLNL)
2U. S. Department of Energy, National Nuclear Security Administration
3Ilia State University
4Institute of Seismology, National Academy of Sciences of the Kyrgyz Republic
5Incorporated Research Institutions for Seismology (IRIS)
6Leidos
7Michigan State University (MSU)
8Instrumental Software Technologies, Inc. (ISTI)
9National Academy of Sciences of the Republic of Armenia
10Republic Seismic Survey Center of Azerbaijan National Academy of Sciences
11Kazakhstan National Data Center
12Seismological Experimental and Methodological Expedition
13Geophysical Survey of the Academy of Sciences of the Republic of Tajikistan

With support from the U.S. Department of Energy, Lawrence Livermore National Laboratory and the
Incorporated Research Institutions for Seismology are collaborating with seismic monitoring centers
in the Caucasus and Central Asia to expand national seismic networks through the installation of
permanent broadband seismic stations. The main goal of the project is to improve regional network
coverage by making high quality data from new stations openly available to the global scientific
community. The multi-year project involves deployment of more than fifty posthole broad-band
sensors across six participating countries: Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan,
and Tajikistan. Additionally semi broad-band stations will be deployed for local monitoring of vol-
cano and mud-volcano sites in Armenia and Azerbaijan; and standalone urban type strong motion
sensors will be deployed in large cities. To facilitate data exchange and incorporate diverse sources
of real-time data into national monitoring solutions, the project also supports the installation of high-
capacity servers for participating monitoring centers. Station deployments began in the summer of
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2021 and are planned to be completed in 2023. The project is implemented through the Seismic Tar-
geted Initiative of the International Science and Technology Center in Kazakhstan and the Science
and Technology Center in Ukraine.

P5.2-478 – Monitoring Volcanoes of the World with IMS Infrasound Network:
Evaluation of the Reliability of a New Detection Algorithm

Author: Duccio Gheri1

Co-authors: Alexis Le Pichon2; Emanuele Marchetti1; Giacomo Belli1; Lars Ceranna3; Patrick Hupe3; Philippe
Hereil4; Pierrick Mialle5

1University of Firenze (UNIFI)
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3Federal Institute for Geosciences and Natural Resources (BGR)
4Volcanic Ash Advisory Center (VAAC)
5CTBTO Preparatory Commission

Detecting and notifying ongoing volcanic eruptions is crucial in supporting the Volcanic Ash Ad-
visory Centres. However, local monitoring systems are missing at many active volcanoes. Long
range infrasound monitoring, potentially able to detect and notify volcanic explosive events, might
provide useful information. Indeed, many studies have already highlighted the utility of long range
infrasound for this aim, but still open questions remain concerning its actual efficiency and reliabil-
ity.
In this study we investigate the potential of International Monitoring System infrasound network of
CTBTO to remotely detect volcanic explosive eruptions, focusing on the main active volcanic area
in the world, between 2010 and 2019, where multiple eruptions occurred, with an energy spanning
from mild explosions to Volcanic Explosivity Index ≥ 4 eruptions.
We applied a detection algorithm developed at local distance and extended for long range volcano
infrasound monitoring. To assess the reliability of the algorithm, based on the Infrasound Parameter
(IP), we compare the notifications issued with the bulletins reports of GVP (Global Volcanism Pro-
gram). Although unresolved ambiguity remains due to short spacing among volcanoes with respect
to the array and the unfavourable propagation conditions, the algorithm is able to detect in quasi
real time the ongoing activity with high notification reliability.

P5.2-555 – First results from Tsunami Warning Agreement Between CTBTO
and NDC Madagascar

Author: Jean Bernardo Andrianaivoarisoa1

Co-authors: Andriamendrikaja Jaona Andriamampandry1; Gerard Rambolamanana2; Ramarolahy Rina Andriana-
solo1; Fanomezana Randrianarinosy1; Andry Harifidy Ramanantsoa1; Tahina Rakotoarisoa1

1Institute and Observatory of Geophysics of Antananarivo (IOGA)
2CTBTO Preparatory Commission

This is the first study after the signature of the tsunami warning agreement between the CTBTO and
Madagascar in 2019. On 2nd of August 2019 12:03:23 UTC, an earthquake of magnitude 7 occurred
south-west of Sumatra Indonesia and generated a local tsunami warning. The goal of this project is
to monitor tsunami events using International Monitoring System seismic stations, then to simulate
an inundation effect on the east coast of Madagascar with Community Model Interface for Tsunami
(ComMIT) software developed by NOAA Center for Tsunami Research (NCTR). This event was ob-
served from seismic and hydroacoustic stations as defined in “Hydroacoustic data analysis before
and after the pandemic plus its contribution to Tsunami warning system in the Indian Ocean”. As
a result, wave arrival time was 12:09 UTC at CMAR seismic station with 21 minutes of signal dura-
tion. Then, inundation effect was shown in some area with an average of 1m ocean wave amplitude.
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P5.2-611 – Volcanic Ash Risk Map and Mitigation Plans on Indonesian Avia-
tion Service UsingGeospatial Techniques (ACase Study of Bali Airport During
Mount Raung, Agung, and Rinjani Eruption))

Author: Kadek Sumaja1

Co-author: Dewa Ayu Kade Wida Pradnya Paramitha1

1Meteorology, Climatology, and Geophysical Agency of Indonesia (BMKG)

Volcanic ash cause airports to alter or close their operations when it was detected around the airport
and the flight routes. Bali airport is one of the busiest airports in Indonesia. Unfortunately, it is
surrounded by three active volcanoes which have recently erupted and spewed volcanic ash. Even
though volcanic ash movements can be predicted, these events always have the effect of surprises
by causing many flight delays or cancellations that lead to enormous economic losses. This occurred
because of the lack of preparedness and mitigation plans in dealing with this threat. To overcome
this problem, a volcanic ash risk map was generated by combining flight route data, 30 years of
wind data in various elevations, rainfall data in a different season, and volcanic ash trajectory data
from three surrounding volcanoes namely Mount Raung, Agung, and Rinjani. The result shows that
during the easterly wind season the risk of volcanic hazard was higher since the two most active
volcanoes (Mount Agung and Rinjani) are located in the eastern part of this airport and during this
season there is less rainfall that could wash the ash away. Therefore, appropriate mitigation plans
can be established as well as airport collaborative decision making

P5.2-669 – Possible Civil and Scientific Application of IMS data Analysis for
Volcano Monitoring with DTK-PMCC and Geotool Software

Author: Aaron Gutierrez1

Co-authors: Misrak Fisseha1; Pierrick Mialle1

1CTBTO Preparatory Commission

Everyday waveform data is detected and recorded by the seismic, hydroacoustic and infrasound
stations (SHI) of the International Monitoring System produced by different sources coming from
the earth, the oceans, and the atmosphere. In this study, signals of interest are the ones from volcanic
sources, which can be put to wider civil and scientific use, from helping to save lives in case of major
volcanic activity. Most volcanoes generate precursor signals before an eruption such as earthquakes,
tremors, swarms, weak explosions, and landslides that SHI stations could record. A proper onset
time detection, classification, and location of volcanic signals and with the support of an enormous
catalog of event bulletins, crucial time can be gained in the prediction of a potential eruptive scenario
and advice the authorities to evacuate the population before the intense lap of activity start. In this
work, we will show some examples of SHI volcanic signals that can be analyzed interactively in an
efficient way with the help of Geotool and DTK PMCC which are part of the NDC in a box software
package, that available to Member States free of charge as part of the technical assistance through
the capacity building and training.

P5.2-720 – Infrasound Array Observations of Avalanching Glaciers

Authors: Emanuele Marchetti1; Giacomo Belli1; Duccio Gheri1; Fabrizio Trolio2; Paolo Perret2

1University of Firenze (UNIFI)
2Fondazione Montagna Sicura

Ice avalanches constitute severe natural hazards, threatening human lives and infrastructures, and
are expected to increase with ongoing climate change and population pressure forcing settlements
into exposed terrain. In Europe, costly monitoring programs have also highlighted changing glacial
hazards. Consequently, monitoring and warning systems, which help mitigate the threat and impact
of mass movements are a key component of hazardmanagement in mountainous regions worldwide.
In this study we show how infrasound arrays are able to detect and locate ice collapses from a glacier
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front and under specific conditions might allow to provide an estimate of the source volume. This
study focuses on small scale (< 10.000 m3) ice collapses as recorded by local (< 2 km far) arrays, and
fluid-dynamics based estimates of ice volumes inferred from infrasound are compared with indepen-
dent measurements to validate theoretical estimates and to define experimental relations.
These results show how infrasound array observations may provide successfully quantitative infor-
mation of glacier collapses and ice avalanche volumes, thus opening new perspectives formonitoring
avalanching glaciers and providing warning for break-off events.

P5.2-762 – Dating Paleo Tsunamis with Strontium

Author: Pedro Miguel Paulino Paulino1

Co-author: Jottin Leonel1

1Centro Nacional de Sismología de Republica Dominicana (CNSS-UASD)

The main objective of this project is to be able of identifying Paleo tsunamis and climate change.
Using heavy metals deposits and calcium ratio, more specifics strontium. Our islands during time
have been affected by a lot of earthquakes, leaving an enormous possibility of being affected by
tsunamis, more of them, historically. Using strontium and calcium ratio we will be able to detect
where have been places in our cost and season of drought, that have been affected by these kinds of
events. All the coastal have been by the influence of tsunamis generating by subduction earthquakes.
Since the formation of the island, leaving all of the island shores with sediments, organic materials
and heavy metals, the study of this sediments, the detection of this metals. Geochronological dating
using strontium and calcium ratio have been used before, for these purpose with a high level of
confidence and a low values of standard deviations. This analysis will also leave us the possibility
to review our risk analysis in terms of climate events and generate others research in terms of new
climate policy form our governments.

P5.2-765 – California and Nevada Short Term Seismic Risk Detection

Author: Farzad Azima1

1Earling Ltd

Old fashion earthquake early warnings are changing in a new era in the shadow of Earthquake
Preparedness Alert (EPA), which instead of noticing only a few seconds, issues a few days in advance.
Still, EPAs need more efforts for being used in the public sector, but already they are used in oil and
gas, mining in California and Nevada. Since September 2020, the generatedmodels in project Earling
analyze risk level changes in these two regions. Since then, all the larger than M5 earthquakes
were detected a couple of days in advance. For example, Petrolia residents felt shaking of a M 6.2
earthquake on 20 Dec 2021. The earthquake rattled the region three days after the models detected
a high risk time window for the region. Based on Federal Emergency Management Agency (FEMA)
reports, these two regions experiencing about 85% of the 75,000 annual earthquakes in the US. So low
false alert ratio in the regions is mandatory to make decisions based on seismic risk level changes.
Whilst Earling marked five high risk time windows in 2021 it didn’t mark any time windows as
high risk until the end of November 2022, which means precise risk detection both in avoiding false
positive and false negative alerts.

P5.2-807 –The Interconnection Between the Comprehensive Nuclear-Test-Ban
Treaty (CTBT) and the Nuclear Non-Proliferation Treaty

Author: Awwal Bisallah1

Co-authors: Chad Chinaemelu Anyaegbu1; Modibbo Sadiq Ibrahim1; Uchenna Onwuhaka Madu1

1Nigeria Atomic Energy Commission (NAEC)
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The CTBT is considered to be a global instrument for the enhancement of international peace and
security through the banning of nuclear weapons tests and constraining further development of ex-
isting nuclear weapons, on the other hand, the Treaty on the Non-Proliferation of Nuclear Weapons
(NPT) was established to prevent the proliferation of nuclear science and technology in all its ramifi-
cations and advance the peaceful uses initiatives as well as address disarmament by nuclear weapons
states. The two treaties are interconnected in that they both offer a foundation for eliminating the
spread of nuclear weapons and providing the necessary tools for the promotion of global stability.
This widespread benefits of peaceful uses of science are an enormous success of the NPT regime as
well as the civil applications of the CTBT within the scope of the International Monitoring System
data and International Data Centre products. This work looks at how the CTBT and the NPT are
interconnected, particularly the CTBT’s link to the decision in 1995 to indefinitely extend the NPT.
The 2020 Review Conference on the NPT which took place in August 2022 provided a benchmark to
support the entry into force of the Treaty, which is considered the cornerstone of non-proliferation.

P5.2-876 – The CTBTO as a Stakeholder: Action in the 2021-2030 UN Decade
of Ocean Science for Sustainable Development

Author: Jovita Ho1

1CTBTO Youth Group

Data from the IMS hydroacoustic, infrasound and seismic station networks empowers civil and scien-
tific applications in climate knowledge generation and ocean monitoring activities across the world.
Meanwhile, the value of science-informed, evidence-based policy making has gained wide recogni-
tion for providing robustness, clarity and practicality in driving the global sustainability agenda and
management of our natural resources. With the objective of proposing partnerships that can advance
entry into force of the CTBT, this project establishes the relevance of the CTBTO as a stakeholder in
the UN Decade of Ocean Science (”Ocean Decade”), and how engagement and framework alignment
can be envisioned and approached. This will be developed through efforts to 1) Capture the current
range of relevant working programmes solicited by the Ocean Decade, 2) Identify pathways to en-
gage and integrate interactions, and 3) Assess possibilities for a collective impact on security and
sustainable development. The outcome of this project shows how the CTBTO’s expertise in capacity
building and interagency coordination can be distinguished and leveraged in this context.

O5.3 Regional empowerment

O5.3-177 – Regional Training Schools as Tools to Promote Active Involvement
of Governments on CTBTO Issues

Author: Marino Protti1

1Observatorio Vulcanologico y Sismologico de Costa Rica (OVSICORI)

CTBTO has an active program for capacity building, to increase the ability of scientist and operators
from signatory countries to process and interpret data. While most of the courses are carried out in
Europe, a few regional training courses have proven to be excellent ways to integrate people from
countries in that region. Increasing the number of these regional courses but also to having these
courses in parallel with political courses or meetings, with diplomats and politicians from the coun-
tries participating in the scientific meetings and training courses is suggested. This way awareness
could be increased among politicians on the importance of having an active involvement on CTBTO
issues.
Integrating countries at a regional level could allow politicians to see the advantages of full mem-
bership and could trigger some countries to re-establish payments and others to start contributing
to CTBTO. A regional political integration of countries, for instance from the Caribbean or Central
America, among other regions, could trigger proposals to create regional funds to pay CTBTO fees.
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Scientists should provide technical information to politicians and diplomats from their own coun-
tries activating the pillars of science diplomacy: science for diplomacy, science in diplomacy and
diplomacy for science.

O5.3-227 – Earthquake Occurrences in West Africa

Author: Paulina Ekua Amponsah1

Co-author: Prince Amoah2

1School of Nuclear and Allied Sciences, Ghana Atomic Energy Commission
2Nuclear Regulatory Authority

TheWest African region has experienced devastating earthquakes in historical and recent times. The
seismic activities with magnitudes ranging from 1.4 to 6.5 have been observed and recorded in the
region. This includes the December 22, 1983, Mw=6.3, Guinea earthquake; 275 people were killed,
more than 1000 were injured and 18,000 people were rendered homeless. The June 22, 1939 earth-
quake M=6.5 that occurred in Ghana where 17 lives were lost and many structures were destroyed.
In recent times earthquakes of magnitudes ranging from 1.4 to 5.3 have been recorded in Ghana,
Ivory Coast, Niger, Mali, Sierra Leone, Cameroon among others. Seismic data received from the
International Data Centre is utilized in compiling earthquake catalogue for the region. The seismic
events are mostly associated with the Romanche, Chain, St. Paul transform faults and the Cameroon
volcanic line. The study is focused on the recent earthquake activities in the West African region
and is designed to raise awareness on the rising seismic activities in the region and awaken relevant
authorities, organizations/institutions, and the general public on the need for timely and sustainable
proactive measures for mitigating the risks and disasters associated with earthquakes in the region.

O5.3-265 – The Impact of Capacity Building System Project on Sudan NDC

Author: Naila Mohamed Osman Babiker1

1Sudan National Data Center, National Center For Research

Sudan has signed and ratified the Comprehensive Nuclear-Test-Ban Treaty (CTBT) on 10 June 2004,
making Sudan 172nd State Signatory. The establishment of a capacity building system (CBS) in
Sudan is helpful in integrating data acquisition, processing and analyzing using the NDC in a box.
The different training courses and participation in workshop and conferences play an important role
in the educational process using different software included in the NDC in a box package (Geotool,
DTK GPMCC, SeisComp3 etc.). Priority is given to data analysis to develop capabilities to detect
nuclear explosion tests and to use the International Monitoring System data, International Data
Centre products and other CTBT relevant information that benefit research applications for civil
and scientific purposes. The unlimited support of the CTBTO is a crucial factor that keeps the NDC
working well, receiving new sets of batteries to the CBS and Global Communications Infrastructure
equipment is appreciated. The resilience of the COVID-19 pandemic affects many activities, it had
negative impacts on the contribution to the different CTBT activities as well as technical visits that
were scheduled at the end of 2019.

O5.3-404 – NDC Argentina: First year of Operation and Radionuclide Data
Analysis

Author: Marcelo Alejandro Fernandez1

1Autoridad Regulatoria Nuclear (ARN)

The aim of this presentation is to share experiences and lessons learned from our first year of opera-
tion. From build-up and establishment challenges, data products and reports, detection levels trends
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and data comparison betweenthe International Data Centre (IDC) and the National Data Centre
for testing and capacity building purposes for analysis. Three radionuclide stations from Argentina
plus one from Chile are being monitored on a daily basis using the tools provided by IDC for CTBTO
relevant radionuclide detection in the region.

O5.3-684 – Waveform Analyst Training Program to Strengthen the NDC Vene-
zuela

Author: Ana Maria Perez Zeledon1

Co-authors: Dailyn Betancourt1; Gloria Josefina Romero Torres1; Miguel Angel Castro Corona1; Ricardo Jose
Lopez Rubio1

1Fundacion Venezolana de Investigaciones Sismologicas (FUNVISIS)

National Data Centres are the national technical organizations competent in advising their gov-
ernments on the verification of the Comprehensive Nuclear-Test-Ban Treaty (CTBT). Between the
mains elements of the NDCs highlight the waveform analyst staff, playing an important role in the
CTBT’s verification architecture. In this sense, its permanent training is key for the development
of capacities and for the next generation’s learning curve reduction. Since 2021, a new training
program for waveform analysts of the Venezuelan Seismological Service starts with a career profile,
which allows the participants in a first stage develop in synchrony, and in the least time possible, the
abilities and skills necessary for seismic analysis events process, based on knowledge of the context
where these events take place, and training on the protocols and procedures inherent to the analysis
process and its standardization, raising the level of staff through the activities leading to their certifi-
cation. This work shows, within the framework of the regional capacity building of the NDCs, how
the training program in mother tongue allows preparing the bases of certified analysts, to become
waveform analysts of the National Data Center in Venezuela and contribute to the capability mission
and understand the roles of NDCs in the verification regime.

P5.3 Regional empowerment

P5.3-027 – Seismic Data Processing and Beamforming

Author: Idé Alpha Ide Alpha1

1High Authority for Atomic Energy (HANEA)

The PS26 is the first internationally recognized seismic station in Niger. The field study for the site
installation was conducted in November and December 2001.
The PS26 station is located southwest of Niamey, near the town of Torodi. This region is part of the
West African craton, composed of sedimentary belts of Birimian green rocks and granitic terraces of
the late Archean or Neoarchean (2.0-2.1 Ga). The 16 sites are distributed over three concentric rings
at distances of 0.75 km, 1.5 km and 3 km.
Seismometers are placed at about 50 meters depth. A GPS antenna is mounted on the roof outside
each bunker of the installations. Among the 16 sites four sites including TOAO, TOC2, TOC4, TOC6
are in three components.
Wewill extract data from these three components at each of these four sites so that we can prove that
the three components allow us to locate relatively events. This approach consists in demonstrating
and assisting those who do not have the possibility of having data available at the levels of several
stations with restricted data to characterize events.

P5.3-057 – Seismic Network in Myanmar

Author: Oo Than1

Page 211



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

Co-author: Yin Myo Min Htwe1

1Department of Meteorology and Hydrology (DMH)

Myanmar is situated in a tectonically complex area. However, up-to-date instrumentation and com-
munication infrastructure limit earthquake monitoring and research activities. In 2008, two broad-
band stations financed by China’s Earthquake Administration were installed. With government
funding, we set up 3 broadband stations in 2010. The Myanmar National Seismic Network code
MM underwent a significant upgrade in order to increase earthquake monitoring capability in 2016.
The United States Geological Survey also supported and installed five broadband and strong-motion
seismic stations and real-time data using recently improved cellular networks. In 2017, with finan-
cial support from India and technical assistance from the RIME, we installed ten broadband stations.
And in 2010, we set up a single SIM-supported broadband station. We provided seismic data of 4
stations in these 11. One of our broadband stations (NPW), which was updated by GFZ in 2019, was
shared on the GFZ network. Therefore, we have access 10 stations from global networks. We have 19
broadband and real-time data sources via cellular networks, and continuously monitor our seismic
network and provide seismic news for our nation.

P5.3-081 – SeisComP at OVSICORI-UNA After CTBTO Course

Author: Christian Garita1

1Observatorio Vulcanológico y Sismológico de Costa Rica, Universidad Nacional (OVSICORI-UNA)

OVSICORI is the institute in charge of earthquake and volcanoes monitoring in Costa Rica. As
with other countries in Central America we have limited economical resources. Due to important
government investment on 2010 we chose Antelope by BRTT as our main monitoring computational
system. Antelope worked great for us at the beginning but in the following years we found out that
most of the countries around us were using SeisComP, which in some way, isolated us from sharing
data and knowledge with our neighbors. SeisComP was growing faster than Antelope and soon we
started to find some procedures easier on SeisComP than on our system.
In 2018, CTBTO invited us to the Basic SeisComP Training which clarified our minds about this
system. We could say that this course was the beginning of the transition for us. In 2020, COVID-19
did the last move for us, affecting our country’s economy and so Antelope’s license didn’t seem to be
affordable in the near future. At the end of 2020 the transition to SeisComP at our institute started.

P5.3-094 – The CTBT – Beyond the Nuclear Explosion Verification Regime is a
Strong Capacity Building Support System

Author: Edmund Okoe Amartey1

Co-authors: Paulina Ekua Amponsah1; Nelson Foli1; F. G. Ofosu1; E. M. Teye1; P. L. Akor1; Ruth Annan1

1Ghana Atomic Energy Commission (GAEC)

As part of nuclear non-proliferation and disarmament measure by the UN General Assembly, the
Comprehensive Nuclear-Test-Ban Treaty (CTBT) was adopted to prohibit nuclear test explosions
and any other nuclear explosions in all environments (in the atmosphere, oceans, and underground).
Thus, ultimately to enhance international peace and security. The International Data Centre (IDC) of-
fers Capacity Building System (CBS) support to National Data Centres (NDCs) of States Signatories,
primarily in developing countries for technical assistance to facilitate their role towards the Treaty.
The Republic of Ghana is a beneficiary of the equipment support under this programme. NDC -
Ghana took delivery of the equipment set, the third generation of the Global Communications In-
frastructure (GCI-III) / very small aperture tunnel (VSAT) from the IDC for the verification regime.
It was successfully installed and commissioned for operation in July 2021. This newly established
VSAT link is an essential element for the monitoring data forwarding to NDC – GH upon request.
Hence, the CTBT beyond its global prohibition measures against all nuclear explosions, it is offering
strong CBS support to State Signatories as well. Thereby providing relevant technological advances
in monitoring geophysical hazard, for example earthquakes to participating States as a non-treaty
relevant benefit to society.

Page 212



CTBT: Science and Technology Conference 2023 - SnT2023 / Book of Abstracts

P5.3-107 – Revitalization of the NDC Team in Mali

Author: Adama Coulibaly1

Co-authors: Aly Ag Mohamed Dicko1; Tahirou Samake1

1Agence Malienne de Radioprotection (AMARAP)

Mali signed the Comprehensive Nuclear-Test-Ban Treaty on February 18, 1997 then ratified it on
August 4, 1999. In 2005 and within the framework of the activities of the International Monitoring
System (IMS), the CTBTO implemented a National Data Centre (NDC) at the Direction Nationale
de la Géologie et des Mines (DNGM) of Mali with partners such as the Malian Radiation Protection
Agency (AMARAP). The DNGM is responsible for the seismic, infrasound and hydroacoustic moni-
toring of ISS.
The main mission of AMARAP is to ensure the protection of population and environment against
the harmful effects of ionizing radiation. It is the only structure in Mali able to ensure the radionu-
clide monitoring in the air. After the recent workshop in which AMARAP was represented entitled
“2022 National Data Centers Workshop in Toledo (Spain) in October”, AMARAP began the process
of setting up a radionuclide and noble gas monitoring station to revitalize the national NDC team.
More details will be in whole presentation.

P5.3-156 – Jordan and CTBTO Relation and the Development of JSO

Author: Ghassan Ahmad Sweidan1

1Jordan Seismological Observatory (JSO)

Jordan’s foreign policy continues to open up to the countries of the world and international orga-
nizations, interact with them, exchange experiences, and cooperate in various fields to develop the
capabilities of the Jordanian state and provide the best services to Jordanians at home and around
the world.
Jordan deposited its instrument of ratification of the ComprehensiveNuclear-Test-BanTreaty (CTBT)
with the Secretary-General of the United Nations on 25 August, 1998. Jordan is the twentieth sig-
natory State to have ratified the Treaty. Jordan is providing one seismic station to the International
Monitoring System (TEL-AL-ASFAR (AS056)).
On 11 November, 1999, a facility agreement was signed between the Permanent Representative of
Jordan and the Executive Secretary of the Preparatory Commission for the Comprehensive Nuclear-
Test-Ban Treaty Organization (CTBTO).
In cooperation with the CTBTO, Jordan hosted several workshops, the objective of the workshops
was to address specific topics of interest for States Signatories and the Provisional Technical Sec-
retariat (PTS) related to the establishment of the verification system and to advance interaction
between the PTS and National Authorities and National Data Centres.
Amajor development hit the Jordan Seismological Observatory after the cooperation and workshops
with CTBTO in terms of the number of stations and seismic severity studies.

P5.3-204 –TechnicalModernization ofKazakhstanNationalDataCenter (KNDC)
to Implement the Tasks in Support of the CTBTO

Author: Igor Komarov1

Co-author: Dmitriy Gordiyenko1

1National Nuclear Center of the Republic of Kazakhstan

Under the financial support of the Norwegian Center NORSAR provided in 2020-2022 within the
joint project, the Kazakhstan National Data Centre (KNDC) upgraded its hard- and software in sup-
port of the CTBTO tasks implementation. A new state of the art equipment was installed at the
centre in Almaty. A fail-safe information system was created to ensure the following:
- acquisition and storage of seismic data arriving directly from the seismic monitoring stations, and
obtained from different sources (software for data acquisition and storage in the databases Post-
greSQL and MySQL, seedlink server functioning);
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- operation of the file server to store unprocessed data in different formats;
- functioning of servers ensuring the all-round operation of the Data Center (web-server, mail server,
FTP, etc.);
- informational safety of the Data Center (firewall, proxy);
- implementation of seismic processing (automated and interactive processing) and infrasound data
processing (automated detection).
The new equipment allowed building a cluster of virtualization servers consisting of three high-end
servers under the Proxmox virtualization system control. To ensure the fail-safe operation of the
system, the cluster uses the distributed file system CEPH and data storage systems based on RAID
technologies.

P5.3-263 – Development and Achievements of the NDC Capacity Building Pro-
ject

Author: Alexander Poplavskiy1

Co-authors: Misrak Fisseha1; Waseem Allan1

1CTBTO Preparatory Commission

Capacity building is fundamental for strengthening the CTBT verification regime. The Commission
is supporting the States Signatories in providing means to develop capabilities to actively partici-
pate in the CTBT verification regime. The donation and installation of IT equipment, the so-called
Capacity Building System (CBS), at National Data Centres (NDC) of States Signatories is a signif-
icant component of the capacity building project. The equipment is provided to NDCs, mainly in
developing countries, to support the establishment and further development of national capacity to
participate actively in the verification regime by accessing and analyzing IMS data and IDC products.
The CBS project was initiated in 2009. Since that time, almost 70 NDCs have already received and
installed the system and established their routine operations on IMS data processing with the NDC
in a box package. The poster describes the current status, achievements and historical development
of the project, which is funded by the European Union and the Provisional Technical Secretariat.

P5.3-291 – Better Country Seismological NetworksThrough Enriched NDCDe-
velopment Experiences

Author: Roberto Betancourt A.1

1Fundacion Venezolana de Investigaciones Sismologicas (FUNVISIS)

Since the different seismological stations of the CTBT have been successfully developed and installed
around the world, a set of experiences has been accumulated that have been used to build a better
management system, inside and outside the CTBT.This knowledge base has been used at the national
level of each country, where personnel and operators are part of the scientific and seismological
research community, improving their own seismological networks, waveform analysis times and
methodologies, applying the best practices learned from the CTBT forged during trainings (capacity
building system) and socialised during a number of meetings promoted by the organisation. This
paper presents a case study of the cumulative experiences gained by a hundred Venezuelan staff and
operators in 20 years who have built a better local National Data Centre (NDC) as well as a much
better national seismological network for their own country.

P5.3-359 – The Participation of Libya in the CTBT Verification Regime

Author: Abdurahim Ali Sasi1

1Libyan Atomic Energy Establishment
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To monitor compliance with the Comprehensive Nuclear-Test-Ban Treaty (CTBT), a veri¥cation
regime is designed to detect any nuclear explosions conducted anywhere –underground, under wa-
ter or in the atmosphere. In this poster, we will focus on the Libyan contribution to the main com-
ponent of the verification regime as the progress in the installation of the International Monitoring
System (IMS) radionuclide station RN041 (Misratah, Libya), progress in the establishment of the Na-
tional Data Centre and the use of IMS data and International Data Centre products in the context
of NDCs4All announced by the CTBTO Executive Secretary and the progress in building on-site
inspection capacity in Libya. We will present the previous, current achievements and the expected
results, as well as the encountered difficulties fulfill Libyan participation in the verification regime.

P5.3-368 – Contribution and Support of CTBO on the International Coopera-
tion for Non-Proliferation in Africa

Author: Cheikh Amadou Bamba Dath1

Co-author: Ndeye Arame Boye Faye2

1Ministere de la Communication, des Telecommunications, des Postes et de l’Economie numerique (MCTPEN)
2Autorite de radioprotection de Sûreté et Sécurité nucleaires

The Pelindaba Treaty which aims to create a nuclear weapon-free zone in Africa entered into force
in July 2009. The African Commission on Nuclear Energy was created for the implementation of the
treaty’s provisions and to develop nuclear sciences and techniques. In this context it also consists
of political statements of many African countries aiming to embark on nuclear power programs and
contrasting with a real lack of human resources in most nuclear application fields, including those
related to non-proliferation and verification regime skills. And other on-site inspection activities,
the partnership of CTBTO which is already fruitful in many fields as data analyses, OSI activities,
maintenance of equipment may play key roles at different stages and levels.
The CTBTO cooperation on sensitization and support to train a critical number of persons, includ-
ing decision makers, technical staff and operators is a key point to help countries to comply with
international tools on safeguards, non-proliferation, on-site inspection skills for their programs and
to provide with the regional legal instruments the necessary human resources to boost their imple-
mentation.

P5.3-422 – Capacity Building and Technical Assistance Cooperation in Jordan
National Data Centre

Author: Murad Alhomaimat1

1Jordan National Data Center

In 1999, Jordan signed the Facility Agreement to establish and upgrade the seismic auxiliary moni-
toring station hosted in Jordan to implement the Comprehensive Nuclear-Test-Ban Treaty (CTBT).
Jordan signed the treaty on 26 September 1996 and ratified it on 25 August 1998. Since the Jordan
National Data Centre (NDC) was established in 2004 and started receiving data from International
Monitoring System (IMS) data from International Data Centre (IDC) products, the NDC utilized the
NDC in a box package, IMS data, and IDC products for analysis of the seismic events by requesting
data from IDC products and using it to relocate the events by using different software. As a result
of the application of IMS data and IDC products, the NDC can strengthen its in-house capability,
particularly in data analysis, and participate in any NDC-related exercises organized by the CTBTO.
The poster aims to present Jordan NDC history (signature, rating, and facility agreement), capacity
building systems (CBSs), and AS056 Tal-Alasfar station (monitoring, operating, maintenance, and
PTS technical assistance), MS data request, and data analysis using NDC in a box package software,
participation in workshops, training and exercises organized by the CTBTO.

P5.3-451 – Improvements ofDataAnalysis byNDC -BoliviaUsing IMS Stations
and NDC in a Box Programs
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Author: Mayra Nieto Canaviri1

Co-authors: Gonzalo Antonio Fernandez1; Felipe Condori Apaza1

1Observatorio San Calixto

Since 2002, when Bolivian International Monitoring System (IMS) stations (IS08, LPAZ, and SIV)
began transmitting data, the Bolivian National Data Centre (NDC) has made an effort to effectively
participate in the verification regime of the Treaty using IMS stations and NDC in a box programs for
integrating data acquisition, processing and analysis. Thanks to the different trainings of CTBTO,
the real time integration of the local seismic stations IMS and Operations Support Centre has been
carried out to monitor local, regional and global seismic and infrasonic events through the Seis-
ComP4 acquisition system. Most analysis of events data has been carried out, such as: daily routine,
analysis of the Peru earthquake of May 26, 2022 using stations IS08, IS41, IS20 (infrasound), PS06,
AS008, PS07, AS078, AS019, AS077 (seismic) and explosion of the Sangay volcanoes (2021 - 03 - 11)
and Tonga-hunga ha’apai (2022 - 01 -15) through infrasound stations: IS08, IS09, IS41, IS20, IS14 and
IS01. In addition, in recent years, all data analysis programs such as Geotool, DTK-GPMCC, DIVA,
SeisComP4 have been updated so that NDC-Bolivia users can analyze data.

P5.3-492 – National Data Center Capacity Building Training Cycle on the Ac-
cess and Analysis of IMS Both Particulate and Noble Gas Radionuclide Data

Author: Waseem Allan1

Co-authors: Abdelhakim Gheddou1; Misrak Fisseha1

1CTBTO Preparatory Commission

The new National Data Center (NDC) Capacity Building Training cycle on the access and analysis
of International Monitoring System (IMS) radionuclide data was launched in 2022 based on the col-
lected feedback during the previous trainings and meetings. The Capacity Building and Training
(CBT) Section with cooperation with software application took the initiative to design and draft the
program of the new training.
The cycle includes three consecutive trainings starting with a introductory course on radionuclide
IMS data and International Data Centre (IDC) products for both particulate and noble gas. The intro-
ductory course is open to all NDCs technical staff. It aims at providing basic knowledge for accessing
and using radionuclide IMS data and IDC products, as well as familiarizing NDCs technical staff with
software tools for the analysis of IMS radionuclide data. The other two advanced training courses on
radionuclide particulates and noble gas data analysis, respectively, are open to NDCs technical staff
who had attended the introductory course or those having a good experience in radionuclide data
analysis. The main objective of the advanced training is to further strengthen the analytical skills of
NDCs technical staff on access and analysis of IMS radionuclide data.

P5.3-550 – Applications of the Upgraded Jamaica Seismic Network for Moni-
toring and Research in the Caribbean

Author: Kevin Tankoo1

Co-author: Paul Williams1

1Earthquake Unit, The University of the West Indies, Mona Campus, Jamaica

Recent upgrades to the seismic network in Jamaica has significantly improved the country’s capacity
for seismic monitoring and scientific research. The network now includes 13 broadband sensors, 12
short period seismometers and 42 strong motion accelerographs installed across the island. Devas-
tating historical events including the infamous 1692 and 1907 earthquakes underscores the need for
Jamaica to strengthen its monitoring and research programs. The Earthquake Unit is now well posi-
tioned tomake further contributions to national development and by extension the Caribbean region.
Data from local and regional networks will be incorporated with CTBTO’s International Data Centre
data from the IMS for civil applications and research. These advancements in conjunction with the
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use of SeisComP for real time data acquisition and processing will contribute to developing a robust
monitoring program for the country where rapid hypocentre andmagnitude solutions for events can
be achieved. The upgrades will also support research initiatives and assist with refining the velocity
structure model for the island along with focal mechanism solutions to better understand the seis-
micity and tectonics of the northern Caribbean. In addition to supporting microzonation surveys,
the improved network will also be utilized for developing a tsunami early warning system and local
seismic hazard models.

P5.3-609 – Quality as an Essential Part of NDCs

Author: Jottin Leonel1

1Centro Nacional de Sismología de Republica Dominicana (CNSS-UASD)

Although the CTBTO has primary and auxiliary seismic stations in the International Monitoring
System (IMS), it may be interesting to include local stations for the NDCs, but these stations must
comply with the quality parameters imposed by the IMS. The stations of this proposal are those
managed by the CNS-UASDnetwork (PCDR, SMDR,MCDR and SODR) that belong to theDominican
Republic (DR) and Puerto Rico (PR).
This investigation will address the requirements that the IMS applies to seismic stations and will be
applied to the stations of the local network. This research will serve as a pilot for local networks to
have a point of comparison and in turn raise the quality of their stations, which are used by local
NDCs for their civil applications.
Having good quality stations translates into reliable measurements, just as the IMS does by treaty
mandate. This study seeks to homogenize the local stations with those of the IMS, so that they can
receive some certification according to the CTBTO requirements so that in the future they can be
consulted as part of specific CTBTO studies and thus reduce the gap in some areas or be able to
detect events minors.

P5.3-666 – Analysis of Seismic Data Using SEISAN Software

Author: Samuel Nderitu1

Co-authors: Gladys Kianji1; Edwin Dindi1; Josphat Kyalo Mulwa2; Mary Karanja1; Magdalene Wangui Wanyaga3

1University of Nairobi
2University of Nairobi, Department of Earth and Climate Sciences
3SandRose Ltd, CYG & YPN

Seismic monitoring is one of the most common monitoring regimes used and the biggest network at
CTBTO, with a total of 50 primary and 120 auxiliary stations. This is due to the more understandable
nature of interaction between the seismic waves and the heterogeneous earth’s subsurface. Data
obtained from the primary and auxiliary seismic stations across the globe is automatically processed
by sophisticated systems put in place in Vienna, Austria. However, even with automated processing,
two distinct events may be merged into one while a single event might be split into two different
events. Also, some events can be completely omitted by the system. This requires analyst to be
conversant with several data processing tools and techniques. SEISAN is a simple interactive tool
that can be used to analyze seismic data. This abstract gives an overview of the SEISAN analysis tool
using example waveform data obtained from one primary station (KMBO, Kenya) and two auxiliary
stations (MBAR, Uganda and FURI, Ethiopia) for a natural event dated 2020-05-03 19:36:55 (UTC) in
Lodwar, Kenya.

P5.3-827 – Paraguay NDC Evolution

Author: Hugo Ayala1

Co-authors: Alcides Caballero1; Vincent Hubert Rene Figueres1; Rafael Jose Fugarazzo Velazquez1; Moisés Gadea1
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1Universidad Nacional de Asunción

In 2012, thanks to synchronous work between CTBTO and FACEN - UNA (Facultad de Ciencias
Exactas y Naturales de la Universidad Nacional de Asunción), the National Data Center of Paraguay
(NDCpy) was set up and inaugurated in the FACEN seismology laboratory. In this first stage, it
had a server and a PC. Our two stations (CPUP and IS41) and the primary seismic CTBTO stations
in South America are also received in real time. In an update in 2018, two more PCs were added
for analysis, new analysis software, and existing software were updated. Auxiliary CTBTO stations
were included as well and was also configured to receive x stations from the IRIS network in real
time and also thanks to a joint project with USP of Brazil Four new ones were installed and received
at NDC in the territory of Paraguay as well as xx more stations distributed in Brazil, in addition to
having access to more data through NMS_clients. With those improvements the regional seismic
monitoring is covered, and local location events were improved. Future plans are planned in order
to continue updating and improving the seismic monitoring work.

P5.3-851 – The Seismic Hazard Distribution of Solomon Islands

Author: Belinda Waokahi1

1Ministry of Mines, Minerals and Rural Electrification

Solomon Islands is located on an active zone of seismic activitieswhere Indo-Australian Plate subducts
beneath the Pacific Plate at a rate of approximately 95mm/yr towards the north-west. Solomon Is-
lands is a double chained of islands that lies between Papua New Guinea in the North West and
Vanuatu in the south-east.
The purpose of this paper is to present the distribution of the potential risky earthquakes that oc-
curred in the Solomon Islands from the past 90 years (1932 - 2022) to date.

P5.3-866 – Automatic Seismic Event Detection Using Real Time Data from the
IMS

Authors: Peter Henrik Voss1; Gonzalo Antonio Fernandez2; Jens Havskov3

1Geological Survey of Denmark and Greenland (GEUS)
2Observatorio San Calixto
3University of Bergen

This presentation gives examples on how a National Data Centre (NDC) can automatically detect
seismic events data obtained in near real time from the IMS through the SeedLink service available
on the Global Communications Infrastructure (GCI), using the seismic analysis software NETDET
that is part of the SEISAN package. We also show how to integrate the GCI data with locally col-
lected data and how to analyse the data to obtain event locations and magnitudes. SEISAN (see
http://seisan.info) is used in more than 30 countries mainly at smaller seismic networks or by
students or researchers, for processing data from permanent or temporary seismic networks and at
a number of NDCs. NETDET is a newly developed tool for SEISAN that enables event detection and
location in near real time or offline. At an NDC the data flow from the GCI is send with SeedLink to
a SDS or BUD miniseed archive structure from where NETDET loads the data and preform data pro-
cessing and event analysis automatically. Dependent on the parameterization of NETDET location
and magnitude estimations will be performed. The configuration of the data flow and the possible
parameterization of NETDET will be presented.

O5.4 Outreach

O5.4-159 – The CTBT and Africa
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Author: Jo-Ansie van Wyk1

1University of South Africa

TheCTBT enjoys universal support in Africa. However, not all African states appreciate or utilise the
benefits of closer cooperation with the CTBTO PrepCom to, for example, achieve the UN Sustainable
Development Goals and the African Union’s Agenda 2063. Hence, the paper intends to analyse and
assess the status and utilisation of the CTBT in Africa. The aim is four-fold. The first aim is to
position the CTBT in the development agenda of the continent. The second aim is to analyse the
cooperation between African states and the CTBTO PrepCom, whereas the third aim is to explore
areas of potential and closer cooperation. In the final instance, the aim is to determine the application
of the CTBT regime for disaster management, the detection and management of nuclear waste, and
the management of the legacy of nuclear tests in Africa, and its territorial waters.

O5.4-399 – Mobilizing Stakeholders in Support of the CTBT

Author: La Neice Collins1

1CTBTO Preparatory Commission

When the PTS was formed after the Treaty opened for signature in September 1996, the media
landscape was very different. Social media platforms like YouTube, TikTok, Snapchat, Instagram,
LinkedIn, Facebook, and Twitter did not exist. Most people around the world got their news from a
handful of media companies (cable news outlets MSNBC and Fox News in the United States and Al
Jazeera in Qatar launched in June, October, and November 1996, respectively). The digital informa-
tion landscape was also very different. In 1994, two years before the Treaty opened for signature,
there were 2,738 registered websites. Today there are more than a billion. Online publications, blogs,
podcasts, viral videos, infographics, gifs, and animations are all ways in which people receive infor-
mation, and in the case of breaking news people are just as likely to turn to Twitter (for now) as to
the BBC. In 1996, the first members of Generation Z, now the largest in the world, were just being
born. How do we cut through a crowded media landscape to mobilize stakeholders to advocate for
the CTBT and its entry into force? How do we use modern communications tools to advance the
nuclear non-proliferation and disarmament agenda?

O5.4-542 – Role of the CTBTO Youth Group: Taking the CTBT Out of the Box

Author: Yunhwa Choi1

Co-authors: Marzhan Nurzhan2; Man-Sung Yim1; Natalia Zhurina3

1Korea Advanced Institute of Science and Technology (KAIST)
2Women in Nuclear Kazakhstan
3OPANAL

Having been nearly universally accepted, the Comprehensive Nuclear-Test-Ban Treaty has yet to
enter into force. Before the CTBT can enter into force, however, 44 countries listed in Annex 2 of
the Treaty must sign and ratify it. It is clear that the Treaty’s entry into force and implementation
will be in the hands of the next generation of leaders. Given that the CTBTO Youth Group (CYG) is
a group of over 800 young specialists from all over the world who direct their careers to contribute
to global peace and security, they are able to involve new tools and technologies into promoting
the CTBT and its verification regime. This paper aims to provide best practices and lessons learned
from the Elysee Treaty in 1963 between France and Germany to be implemented by the CTBTO
and CYG. We found that various background and citizenship of the CYG members provides us with
an opportunity to raise awareness about the CTBT among various communities and in different
countries by putting the Treaty on the agenda of many events and projects the CYG members are
part of, and to link the CTBT with other global burning issues, which brings the Treaty closer to its
universalization.
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O5.4-590 – Science Diplomacy Club: Gain Momentum

Author: Anastasiia Kulikova1

Co-authors: Varvara Belikova1; Alexandra Serova1; Yana Tulyakova1

1National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

This article is dedicated to the issue of the Science Diplomacy Club (SDC) project. It is an emerging
platform for young professionals in the field of scientific and technological cooperation. Nurturing
a new generation of experts in the sphere of the CTBTO-related issues, such as non-proliferation,
disarmament, and nuclear test ban remains a lynchpin of our activities.
The SDC policy is aimed at establishing a good rapport between high profile experts and young pro-
fessionals. Among our traditional formats are “Career Talks” and “Presentation Contests”, where
students have a brilliant opportunity to explore commendable qualities of science diplomats, prac-
tice their public speeches, and exchange views on advancing the CTBT.
Moreover, recently we have held the 3rd Science Diplomacy School, which focused on the burgeon-
ing nexus between students from all over the world. The participants were engaged in interactive
lectures and worked in groups while researching ever-more crucial topics. SDC also seeks to achieve
gender equality by involving young women in Club’s activities, which forms an integral part of sub-
stantive contribution to furthering the UN Sustainable Development Goal number 5. In this work
the authors have collected the statistics about members and activities of the SDC, which helped to
deeply analyze the efficiency of our organization.

P5.4 Outreach

P5.4-010 – The CTBTO’s Image in the Global Media from MENA Perspective

Author: Laeed Zaghlami1

1Algiers University

While the spectre of nuclear war still haunts Europe in the light of the Russia-Ukraine conflict, the
role of the CTBTO in this conflict is not clearly defined in the media in the Middle East and North
Africa (MENA). This hypothesis is based on observations and content analyses where few articles
are dedicated to CTBTO. In my paper, if accepted, I will present the image of the CTBTO: how it
is perceived, how it should be strengthened and improved in order to play an important role in the
world in reducing nuclear threats and disseminating information about nuclear weapons. In sum, it
is important to draw the attention of the public and inform them about the actual attributions of the
CTBTO as a potential actor in preventing nuclear disaster. An online survey of a sample of citizens,
journalists, academics and politicians will be used for the results.

P5.4-034 – The Importance of Gender Inclusiveness in Promoting the Univer-
salization of the CTBT

Author: Sharon Boardman1

1Pharmacy Department, Ahmadu Bello University, Zaira, Nigeria

Even though the CTBT has not entered into force yet due to the inability of the remaining Annex II
States to ratify it, its contributions to global peace and security has been acknowledged as important,
particularly in the significant reduction of global nuclear weapons tests. A key hindrance to the
global efforts towards the entry into force of the treaty thereby pushing it close to universalization
has been the non-involvement of more women scientists and experts at the fore front of the activities
of the treaty implementation. In recent times, there have been calls within the CTBTO family for
women to be given important positions in activities towards the total elimination of nuclear weapons.
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It is our belief that this effort is not adequate and more needs to be done to get the women more
involved so that they can add their voices to the call for the total universalization of the CTBT and the
global promotion of the CTBT verification system. As a practical strategy of getting more women in
this initiative, this paper identifies the greater participation of women in STEM science and in other
CTBT related science and technology activities.

P5.4-073 – Strategic Communication for Public Awareness about Negative Im-
pacts of Nuclear Weapons

Author: Zile Huma1

1Independent researcher

Strategic communication is important to create public awareness in every country about the devas-
tating impacts caused by the use of nuclear weapons to eliminate the presence of nuclear weapons
across the globe. Every community, nation, and region has some historical backgrounds and in-
digenous traditions that must be kept in mind while designing and selecting the mediums for pub-
lic outreach programs. The topics on the socio-economic negative impacts of the use of nuclear
weapons can be included in the curriculum at universities and colleges to apprize youth. Compre-
hensive awareness campaigns can be launched through opinion leaders in our respective countries
to highlight the importance of the issue. TV and radio programs and articles in national and local
languages can be useful tools to educate the masses at the grass root level. Social media influencers
can be engaged for wider outreach of messages. Interaction with youth at universities and colleges
through workshops and training can give them a better understanding of the problem. Moreover,
activities like international exchange programs, painting/poster/debate competitions simulation ex-
ercises among youth, and celebrations of “International Day for the Total Elimination of Nuclear
Weapons” can apprize the masses about devastating impacts of nuclear weapons.

P5.4-075 –NuclearWeapons andArmsControl: MakingKnowledgeAccessible
for the Youth

Authors: Anna Manuel1; Sanya Malik2

1University of British Columbia
2University of British Columbia and CTBTO Youth Group

We propose the creation of a pilot, scalable, university-accredited online course, with both asyn-
chronous content and synchronousworkshops, to better educate studentsworldwide on theCTBTO’s
mandate and nuclear non-proliferation, repurposable in other contexts. The themes of the course
would include the historical and political context of nuclear weapons and arms control, the techni-
cal aspects of weapons and delivery systems, and the governance mechanisms and non-proliferation
regimes in place, such as the CTBTO.
Nuclear non-proliferation outreach from the CTBTO must be accessible, interdisciplinary, and in-
clusive. Our course would be co-run by a small coalition of professors from various universities
worldwide, and members of the CTBTO Youth Group, who would supervise and facilitate weekly
workshops, culminating in an online conference with all participants. Professors from both ratifying
and non-ratifying countries would create asynchronous content, encompassing political science, nu-
clear physics, health sciences, and international law. Workshops would be conducted on an online
platform, employing interactive activities, such as role-playing historical events, employing game
theory to address security concerns, or applying scientific concepts to current issues or potential
conflicts.
Our presentation at the SnT conference will be done in an interactive format, employing the same
learning strategies used in our proposed course.

P5.4-136 – Path Less Traveled: Breaking Barriers for Future Scientists with
Disabilities

Author: Paul Shaver1
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1Marshall University, Joan C. Edwards School of Medicine (MU JCESOM)

Individuals with disabilities remain significantly underrepresented in science, technology, engineer-
ing, and mathematics (STEM) fields. Recent data from the National Center for Education Statistics
(NCES), reports that roughly 20% of all undergraduates within the United States report having one or
more disabilities. Among the initial undergraduates that self-reported as having a disability, when
tracked 10 years out: only 10% went on to receive undergraduate STEM degrees, 6% went on to earn
graduate STEM degrees and 2% went on to earn doctoral STEM degrees. Additionally, the European
Disability Forum found that only 30.9% of learners with disabilities went on to tertiary education.
This data suggests that STEM education and related fields struggle to recruit and retain disabled stu-
dents and experts, which leads to a lack of input and innovation from potential disabled scientists.
This report explores the roadblocks keeping disabled students from reaching their full potential in
STEM related fields and suggests ways in which the global scientific community can improve accessi-
bility and promote the inclusion of disabled scientists to meet both UN Disability Inclusion Strategy
initiatives and Sustainable Development Goals.

P5.4-221 – Make CTBT Education Sustainable

Author: Huaping Liu1

Co-author: Yiqing Ren2

1Beijing language & Culture University
2King’s College London

After more than 20 years of its opening for signature, CTBT is facing ever-decreasing attention from
the younger generation according tomy observationwhile I have been teaching some related courses
in my university, Bejing Language & Culture University, China, for more than ten years. Therefore,
it’s very necessary to make more efforts to educate the young people to raise their awareness and
support for CTBT’s early ratification. Firstly, I will increase contents on CTBT in my courses for
graduates and undergraduates. Vast valuable materials and information on CTBT’s history, progress
and challenges which block its entry into force from the website of CTBTO are much helpful for
my teaching and discussion in class. Secondly, I promote my students to keep their attention and
enthusiasm on any new developments of verification technologies in CTBT related field and its civil
and scientific applications. Thirdly, I welcome young people to join my daily research work, which
involves CTBT and nuclear non-proliferation issues. Some students may choose topics related to
CTBT for their theses and continue paying attention to this issue afterwards. Fourthly, I will continue
to encourage my students to participate in CTBTO’s virtual events such as online courses, and any
other related activities such as Model of the United Nations.

P5.4-418 – Reshaping of Nuclear Discourse in India

Author: Bandana Gaur1

1Dayalbagh Educational Institute

The study aims to understand how the government and media are reshaping nuclear discourse in
India. An attempt is made to recognize the shift of discourse from theory to praxis. The study
tries to understand how the rise of nationalist populism enhances the nuclear dangers and sees how
the very idea of responsible and non-responsible nuclear states distinction is flawed. It will try to
look at the impact of populist decision making on nuclear order. How the nuclear rhetoric used
by nationalist populist leaders impact the nuclear crisis is the bone of the contention of the study.
The first no-use policy of India has various implications and connotations attached to it and why
it is no more relevant in present context will be dealt upon. The current political leadership in
India has deepened the ongoing debate for autonomy in various atomic departments. However, the
arrangement between Atomic Energy Regulatory Board of India and Department of Atomic Energy
has undergone fervent criticism as former is subservient to the latter. This calls for separation of
powers, which still is a far-fetched and unrealized goal to be achieved.
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P5.4-427 – Evolving CTBT Outreach Efforts in Pakistan: Lessons from South-
east Asia

Author: Hannan Hussain1

1Islamabad Policy Research Institute (IPRI)

Despite not signing the CTBT, Islamabad actively contributed to negotiations that led to the Treaty’s
finalization at the Conference on Disarmament, and considers CTBT as the “primary mechanism
for ending nuclear weapons testing.” However, outreach efforts face headwinds due to Islamabad’s
heightened skepticism of India, its nuclear-armed neighbor, and what it sees as New Delhi’s lim-
ited headway on a proposed mutual non-testing arrangement. These developments continue to be
perceived as obstacles to Pakistan’s signing of the CTBT, which insists on reciprocity from India,
making it imperative to evolve CTBT outreach in a way that helps manage some of those expecta-
tions. This presentation takes Southeast Asia as a case in point to argue how CTBT outreach efforts
can become more localized and effective in Pakistan’s strategic community. It draws lessons from
several Association of Southeast Asian Nations (ASEAN) states, which reached a consensus on CTBT
ratification despite some divergence on nuclear escalation and nonproliferation risks. The presen-
tation will illuminate specific local nonproliferation and advocacy partnerships that made such a
consensus possible, their favorable impact on ASEAN’s CTBT stance, and how these can be tailored
to the benefit of CTBT outreach in Pakistan.

P5.4-470 – A Good Communication Strategy to Better Convince

Author: Malam Issa Rabiou1

Co-authors: Moustapha Kadi Oumani; Sidi Hamidou Fodi

1Haute Autorite Nigerienne a l’Energie Atomique (HANEA)

The role of the CTBTO is to detect any atomic explosion on the planet. It also has the mission
of convincing States to renounce nuclear testing. The implementation of a good communication
strategy is a major challenge. For a communication strategy to be relevant, it must be based on a
good analysis of the situation the objectives that can be set, the desired results and impact and the
possible communication solutions.
Communicating for a complete ban on nuclear testing must address the following challenges:
1. Create a network of communicators to raise awareness and inform the population about the
benefits of the nuclear test ban.
2.Mobilize the necessary resources for those responsible for communication.
3. Cooperate with civil society actors, influencers for a better understanding of the program.
Promoting the benefits of a nuclear complete test ban will require:
- Having a clear, approved and scrupulously implemented communication strategy and plan.
- Allocating a substantial budget to the communication activities.
- Mapping stakeholders around the following major groups: policy makers, opinion leaders, youth
and women’s organizations.

P5.4-511 –BeyondAcademia: LeveragingClassroomLessons Learned forOpen
Education and CTBTO Outreach

Authors: Allen Sens1; Matthew Yedlin1

1University of British Columbia

Since 2014, University of British Columbia professors Allen Sens and Matt Yedlin have taught the
transdisciplinary course, “Nuclear Weapons and Arms Control” to a mixed cohort of engineering
and political science undergraduates. A thousand students in total have experienced our flipped
classroommodel which integrates science and policy content, with a particular focus on the CTBTO.
The course makes extensive use of bespoke instructional videos, and video analytics from YouTube
and EdX have demonstrated the elevated level of student engagement using this pedagogy. As such,
our course has informed us of the lessons learned and best practices for a model that can be leveraged
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for CTBTO outreach and public education efforts. This includes the creation of open online public
education modules and a possible open online course on nuclear weapons and arms control. We
propose the development of CTBTO educational modules and an open online course based on a
comparison of our experiences delivering our course in face-to face delivery in 2022 and our 2020
online offering during COVID-19 restrictions, the latter serving as a proxy for an open online model.
This model includes the development of in-class simulation exercises into the online environment.

P5.4-556 – Building Networks Among Women Professionals in Nuclear Secu-
rity and Non-Proliferation

Author: Hanna Yasmine1

Co-authors: Desi Listianti1; Ika Fitriyana Kusumaningrum2; Khusnul Khotimah1

1National Research and Innovation Agency of Indonesia (BRIN)
2Ministry of Foreign Affairs, Indonesia

At face value, Indonesia seems promising for women interested in working in nuclear security, peace
negotiations, and non-proliferation. Womenmake up about 40% of total employees in related govern-
mental institutions and in academia. However, diplomacy, nuclear security, and non-proliferation
are perceived as prominent “masculine” activities. In addition, the belief that each field is mutually
exclusive results in a competency gap between those who work in security and those who work in
non-proliferation, when in reality they are complementary aspects of the same whole. This outreach
effort was to encourage women to acknowledge their valuable expertise and to bust several sexist
myths, targeting women both in academia grade and security and non-proliferation career. The re-
sult of this outreach shows that the participants are fully acknowledging the challenges of being
a woman in the “masculine” career of nuclear security and safeguard. Also, there is a significant
increase of comprehension towards the nuclear security and safeguard subject. In the post-training
survey, the participants are committed to be the experts in each respective career, while helping
their fellow female work colleagues to shine in their career.

P5.4-585 –PromotingActivities ofCTBTO in theYoungerGeneration andEarly
Career Scientists in Ghana

Ghana is steadily progressing towards the accomplishment of her Nuclear Power Program. The Nu-
clear Regulatory Authority was established by Act 895, 2015 to provide for the regulation and man-
agement of activities and practices for the peaceful use of nuclear material and provide for safety
environmental protection and of persons against the harmful effects of radiation hazards. Ghana
ratified the Comprehensive Nuclear-Test-Ban Treaty in June 14, 2011. Prior to the ratification, the
National Data Centre was established in 2010 to receive and use data for the verification and compli-
ance to the Comprehensive Nuclear Test Ban treaty (CTBT) and also to advise national authorities
in Ghana on issues relating to earthquake disasters and their management. The promotion of the
activities of CTBTO in Ghana and most importantly its promotion to the younger generation and
early career scientists is critical in ensuring the sustained and continued efforts of the Nuclear-Test-
Ban regime. This study highlights the efforts in place to keep the younger generation informed and
involved in promoting activities of the CTBTO.

P5.4-824 – Seismica: a Community-Led Diamond Open Access Journal at the
Service of Seismology Worldwide

Author: Marino Protti1

Co-authors: Gareth Funning2; Tiegan Hobbs3; Christie Rowe4; Catherine Rychert5; Danielle Sumy6
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1Observatorio Vulcanológico y Sismológico de Costa Rica, Universidad Nacional (OVSICORI-UNA)
2University of California, Riverside
3Canadian Hazards Information Service (CHIS), Natural Resources Canada (NRCan)
4McGill University
5Woods Hole Oceanographic Institution, Massachusetts
6Incorporated Research Institutions for Seismology (IRIS)

With the first articles published in late October 2022, and more in press, Seismica is becoming a
free and open venue for the seismological community to publish results from the entire spectrum
of seismological research and applications. Our mission is to publish original, novel, peer-reviewed
research in the fields of seismology, earthquakes, and related disciplines. Seismica is a community-
driven, diamond open-access journal, meaning articles are free to publish and free to read, with-
out a subscription. Additionally, authors retain full copyright. Equity, diversity and inclusion are
central to the goals, policies, and procedures of Seismica. Seismica is for everyone. Seismica is
run by a global community of volunteers. Visit seismica.org to join our mailing list and reviewer
database. The latter makes it easier for editors to easily identify willing reviewers from a diverse
pool of scientists. Seismicia endeavours to become a truly global publication, with authorship from
across disciplines and continents. Author Guidelines for step-by-step instructions are available at:
https://seismica.library.mcgill.ca/author-guidelines.
Seismica also publishes fast reports on recent seismic events, new techniques and algorithms for seis-
mic data processing, among others. Seismica is, therefore, an accessible option to publish seismic
results presented at the CTBT Science and Technology Conference 2023.

P5.4-845 – Cultural Fallout: HowNuclear Testing and its PropagandaDamages
Marginalized Communities

Author: Francesca Crema1

Co-authors: Aksh Dadwan1; Amber Gaskill1

1University of British Columbia

Nuclear testing has had devastating effects on cultures, histories, and populations worldwide. The
disproportionate impacts on marginalized populations within nuclear armed states are largely ex-
cluded from mainstream narratives, which instead justify nuclear proliferation through propagan-
dizing themes of scientific progress, military prowess, and political prestige.
The project aims to contribute an intersectional perspective through depicting the obscured narra-
tive of underrepresented andmarginalized communities, who face the greatest impactswhile reaping
the fewest rewards from the economic benefits and political empowerment that form the justifica-
tions for nuclear testing. We aim to highlight these experiences through creating and allowing an
audience to play an interactive game that demonstrates states’ manufacturing of consent from the
general population to enable their exploitation of marginalized communities. Through this, we show
the fundamental role of propaganda in promoting nuclear test narratives, as well as the importance
of empowering underrepresented narratives and transparency for the prevention of nuclear testing.
In contrasting the narratives promoted by the state with the testimonies of marginalized populations,
this project aims to expose the true function of these justifications: as instruments of coercion used
to uphold colonial, exploitative, and oppressive institutions.

P5.4-861 – Citizens for CTBT: Effective Global Outreach

Author: Krishma Parmar1

1University of British Columbia

Current international diplomacy cannot secure a state’s support of the CTBT without the internal
citizen-based support of the Treaty. In most regime types, the citizen masses are often vital to in-
fluencing government decisions. For instance, in the late 1960s, anti-nuclear testing groups were
instrumental in bringing the issue of nuclear disarmament to national elections. Alongside inter-
national support, the public voice greatly influenced legislation on nuclear disarmament in nations
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across the globe. The CTBTO can look to the precedent of citizen mobilization to increase global
outreach on nuclear disarmament. Through the establishment of national citizen-based branches of
the CTBTO, the Organization can promote greater public engagement and understanding of nuclear
test explosions. In recent years, citizen mobilization has taken new and innovative forms, such as
the utilization of social media. The branches can oversee the development of social media infor-
mation campaigns, as they may possess a greater understanding of the local diversity to run social
information campaigns effectively. The branches would act similarly to the National Authority in
ratified states, by maintaining liaison with the Organization. Although CTBTO citizen groups may
not be feasible in all nations, implementing citizen-based branches can greatly improve the chances
of ratification in signatory states.
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PTS-135 – InfrasoundTechnology at the IDC–projects and achievements

Author: Pierrick Mialle1

Co-authors: Paulina Bittner1; Wolfgang Sommerer1

1CTBTO Preparatory Commission

In 2001, the first data from an IMS infrasound station arrived at the IDC.The IDC infrasound process-
ing system was in a premature state and a multi-year development effort was initiated, which led
to the completion in 2010 to the first operational infrasound automatic processing and interactive
analysis systems. In thirteen years the IDC produced over 45,000 infrasound events reviewed by
expert analysts.
In an effort to continue advancing methods, improving its automatic system and providing software
packages to authorized users, the IDC focused on redesigning the station processing and interactive
review systems. This lead to the development of DTK-(G)PMCC promoted to IDC operational envi-
ronment on 01 July 2022. The software package is available in NDC-in-a-Box (NiaB) to authorized
users.
In complement, an infrasound model was developed for the automatic waveform network process-
ing software, NET-VISA, with an emphasis on the optimization of the network detection threshold
by identifying ways to refine signal characterization methodology and association criteria.
Those major endeavours allow for the enhancement of the IDC processing system, to reduce work-
load of analysts and to continuously increase the quality of IDC bulletins. Progresses will be illus-
trated with notable infrasound events since promotion of the new Operational software.

PTS-423 – Analysis and Insights on Manually Added Events by IDC Analysts
in the Reviewed Event Process

Authors: Gerard Rambolamanana1; Haijun Wang1

Co-authors: Alexander Poplavskiy1; Christos Saragiotis1; Gerhard Graham1; Marcela Villarroel1; Paulina Bittner1;
Wolfgang Sommerer1; Josep Vila Codina1; Thierry Heritier1

1CTBTO Preparatory Commission

TheStandard Event Lists SEL1, SEL2 and SEL3 are automatically produced one, four and six hours, re-
spectively, after the waveforms arrive at the International Data Centre (IDC) from the International
Monitoring System (IMS) stations. The IDC analysts then interactively review SEL3 to generate the
Late Event Bulletin (LEB), based on which the Reviewed Event Bulletin (REB) is being formed. Com-
parison of the SEL3 and LEB shows that about 20% of the LEB events are not present in the SEL3
and are added manually by the IDC analysts (SEL3 and LEB events are matched using the database
field evid, the unique event identifier that is maintained even when the event parameters are modi-
fied). These events are commonly referred to as “missed” (by the automatic system) events. One of
the ways to reduce the number of missed events is through configuration parameter optimization.
Python scripts were developed to spot missed events and store them in a separate MySQL database,
specifically created for in-depth analysis of such events parameters. Possible causes of missed events
have been investigated based on a statistical analysis of the event parameters and geographical dis-
tribution to further improve the performance of IDC’s automatic data processing.
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PTS-520 – The Data Fusion automatic processing pipeline at CTBTO

Author: Joshua Kunkle1

Co-authors: Martin B. Kalinowski1; Noriyuki Kushida1

1CTBTO Preparatory Commission

The InternationalMonitoring System at the Preparatory Commission for the ComprehensiveNuclear-
Test-Ban Treaty continuouslymonitors the globe for nuclear explosions through seismic, infrasound,
hydroacoustic, and radionuclide measurements to detect signals from possible nuclear explosions.
The most complete understanding of the sources of measured signals can be achieved by combin-
ing the information from all four monitoring systems. The International Data Center automatically
forms combined event hypotheses from the three waveform-based systems. The data fusion pipeline
additionally combines waveform and radionuclide measurements to provide a complete view of pos-
sible fused events by correlating in space and in time the seismo-acoustic event locations with possi-
ble geographic source locations (Fields of Regard) for observations of CTBT-relevant radionuclides.
These could be further studied by NDC analyst to investigate fused events that might possibly indi-
cate a nuclear test event. In this presentation, we show the status of the data fusion pipeline and the
browsing functionalities available to States Signatories. Ongoing developments as well as plans for
future improvements will be discussed.

PTS-564 – iNSPIRE extension to particulates for unifying CTBTO radionuclide
analysis software tools

Author: Abdelhakim Gheddou1

Co-authors: Martin B. Kalinowski1; Jonathan Baré1; ArendHarms1; JanaMeresova1; Eric Jilbert NguelemMekongtso1;
Carla Maria Salgueiro Pires Winter1; Jun Wang1; Seokryung Yoon1

1CTBTO Preparatory Commission

iNSPIRE (iNtegrated Software Platform for Interactive Radionuclide rEview) is a software applica-
tion that was developed by the CTBTO International Data Centre (IDC), based onmodern Python/Qt
framework. A first release, which covers beta-gamma coincidence-based detection systems in use
at IMS stations, was deployed in IDC operations and delivered to National Data Centres (NDC) late
2020. The first release covers current and next generation noble gas technologies.
Over 2021-2022, the IDC developed phase 2 of iNSPIRE project by extending the software function-
alities to IMS particulate and HPGe SPALAX based noble gas systems, with the aim of completing
the migration to open-source and unifying the radionuclide analysis software tools for particulates
and noble gas data at the IDC and in the NDC-in-a-Box package.
Additional goals include (a) moving to modern software development technologies, (b) optimizing
the software cycle management (shared libraries – same language), and (c) enhancing software mod-
ularity for integrating new technologies at IMS stations and new analysis methods.
The contribution aims at illustrating implemented functionalities for particulates analysis.

PTS-570 – 26 Years of Development of the International Data Centre (IDC)

Authors: Zeinabou Mindaoudou Souley1; Gerhard Graham1; Mario Villagran-Herrera1

1CTBTO Preparatory Commission

After opening for signature of the CTBT (24 September 1996), the PTS began working on the estab-
lishment of a global verification regime to monitor its compliance (17 March 1997). The verification
regime includes both non-technical and technical elements (defined in Article IV of the treaty); while
non-technical refer to diplomatic actions and confidence buildingmeasures within States Parties, the
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latter involves the construction of a complex system built on science, strategy and technology that
is divided into three large groups (teams) gradually establishing and operating (in provisional mode)
the IMS, the IDC and the OSI. This presentation is a historical collection of highlights on the devel-
opment of the IDC to date.

Keywords: PTS Provisional Technical Secretariat, IMS International Monitoring System, IDC Inter-
national Data Centre, OSI On-Site Inspection.

PTS-680 – Scheduled Calibration of IMS infrasound stations

Author: Yacine Sid Ahmed1

Co-authors: Alfred Kramer1; Benoit Doury1; Ichrak Ketata1

1CTBTO Preparatory Commission

Calibration activities for infrasound stations of the International Monitoring System (IMS) are a re-
quirement of the Operational Manual for Infrasound Monitoring and the International Exchange of
Infrasound Data. Until 2011, significant technical and scientific challenges prevented full compliance
with these requirements. This included the absence of available techniques to characterize responses
in operational conditions. To address these challenges, the PTS coordinates the development of a
detailed infrasound technology roadmap, and works together with the scientific, metrology, and
sensor manufacturing communities. This collaboration led to the deployment of calibration capa-
bilities at infrasound stations of the IMS, starting with a first station in 2015. This presentation
illustrates the Scheduled Calibration process as currently defined at the PTS for infrasound stations,
past progress, and current challenges. As of 2022, calibration capabilities have been rolled out suc-
cessfully at 34% of the certified infrasound IMS stations (18 stations). A dedicated software (CalxPy)
was also designed to support the calibration process for all stations having calibration capability in
a centralized manner in Vienna. These calibration results are reported since 2019 to Member States.
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Pa1.1-899 – European Union - CTBTO Cooperation in action

Moderator: Elena Thoma1

Panelists: Alessandro Cortese2; Bruno Lebret3; Ricardo Jose Lopez Rubio4; Sri Sundari Retnoasih5; Takalani Cele6

1EU Delegation to International Organisations in Vienna
2Permanent Representative of the Republic of Italy to the Preparatory Commission for the CTBTO
3Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
4Fundacion Venezolana de Investigaciones Sismologicas (FUNVISIS)
5National Research and Innovation Agency of Indonesia (BRIN)
6South Africa, Non-Proliferation Secretariat

The European Union (EU) remains a staunch supporter of the CTBT and its Organisation, both po-
litically and financially. Promoting the universalisation and entry into force of the CTBT is a top
priority for the EU, in line with its non-proliferation and disarmament policies and objectives.
In the framework of the EU Strategy against the Proliferation of Weapons of Mass Destruction, the
EU has provided voluntary contributions to the CTBTO through eight EU Council Decisions to date,
amounting to almost 30 million EURO, in order to strengthen its monitoring and verification capa-
bilities. The extensive support provided by the European Union for the Treaty and its verification
regimewill be the focus of this panel discussion. In this regard, the benefits of technical and capacity-
building programs funded by the European Union will be presented by those who benefit from the
implementation and the output of the projects.

• Opening remarks by His Excellency Mr Stephan Klement, Head of Delegation of the European
Union to International Organisations in Vienna

• Closing remarks by Dr Robert Floyd, CTBTO Executive Secretary

Pa1.2-900 – L’apport de la francophonie dans les discussions internationales

Panelists: Agnès Chanut1; Caroline Vermeulen2; DelphineHournau-Pouëzat3; GueuAlbert Dole4; HenriMonceau5

1Le Cercle
2Représentante permanente de la Belgique auprès des Organisations Internationales à Vienne
3Représentante permanente de la France auprès des Organisations Internationales à Vienne
4Charge d’Affaire de la mission permanente de Côte d’Ivoire en Autriche
5Représentant permanent de l’OIF (Organisation internationale de la Francophonie) auprès des Organisations Interna-

tionales à Vienne et à Genève
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L’objectif de cette table ronde de haut niveau est de souligner le rôle de la francophonie et le mul-
tilinguisme comme facilitateur des discussions internationales. Des ambassadeurs rompus à ces
échanges apporteront leur ressenti sur le sujet.

Pa2.1-902 – Hunga Tonga-Hunga Ha’apai Eruption and Tsunami: a multi-phe-
nomenon event

Panelists: Geoffrey Brumfiel1; David Fee2; Margaret Hellweg3; Stefanie Donner4; Shane Cronin5; Sara Barsotti6

1National Public Radio
2University of Alaska Fairbanks
3Seismological Society of America (SSA)
4Federal Institute for Geosciences and Natural Resources (BGR)
5The University of Auckland, New Zealand
6Icelandic Meteorological Office

The 15 January 2022 eruption of Hunga Tonga-Hunga Ha’apai in the Tonga Islands was unprece-
dented in modern times. It was one of the largest volcanic explosions of the instrumented era and
ranks as the most energetic volcanic explosion on Earth since the 1883 eruption of Krakatau (Indone-
sia). With its ash plume reaching high altitude, an intense volcanic lightning storm, atmospheric
waves circumnavigating the globe several times and associated “meteo-tsunami”, and a gravity wave
tsunami that travelled throughout the Pacific andwas observed also in the Indian Ocean, the Atlantic
Ocean and the Mediterranean Sea, it captured the attention of the global scientific community and
the public. The cataclysmic eruption of Hunga Tonga Hunga Ha’apai presents a rare opportunity for
researchers to explore new multi-disciplinary problems covering diverse aspects on water-magma
eruption dynamics, remote monitoring of volcanoes, seismology, hydroacoustics, infrasound, satel-
lite observations, volcanic lightning analysis, tsunami-genesis, and atmospheric impacts. It also
leads the scientific community to review associated volcanic hazards including threat assessment
and communication.
This panel will discuss which potential additional technologies would be useful and what progress
has been made in demonstrating them.
This panel will discuss the eruption sequence, the use of IMS and non-IMS technologies and data,
potential additional technologies that have been demonstrated with measurements relating to this
event, lessons learned of interest for the IMS, the potential consequences on volcanic ash monitor-
ing & tsunami detection, and the possible interest for collaboration of the CTBTOwith international
organizations such asWorldMeteorological Organization (WMO), International Civil Aviation Orga-
nization (ICAO), United Nations Office for Disaster Risk Reduction (UNDRR) and Intergovernmental
Oceanographic Commission of UNESCO.

Pa2.2-898 – Developments in three-dimensional (3D) wave propagation mod-
elling and wave conversion at the ocean, land, and atmosphere interfaces, for
infrasound and hydro-acoustic signals

Panelists: Charlotte Rowe1; Kevin Heaney2; Roger Waxler3; Silvia Blanc4

1Los Alamos National Laboratory (LANL)
2Applied Ocean Sciences
3National Center for Physical Acoustics (NCPA), University of Mississippi
4Argentinian Navy Research Office (ARA) & UNIDEF (CONICET)

The CTBT-IMS global sensor network comprises three waveform technologies: Seismic, hydroa-
coustic, and infrasound, designed to monitor the world continuously for any nuclear explosions on
the ground, in the ocean, and the atmosphere. Waveform signals at CTBT-IMS stations can present
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complex arrival characteristics caused by 3D features along their long-range propagation paths. This
panel will debate the challenges in 3D modelling of long-range sound propagation in the ocean and
the atmosphere. The panelists will discuss recent advances in 3D modelling of seismic-to-acoustic
and acoustic-to-seismic energy conversion at the ocean, land, and atmosphere interfaces.

Pa2.3-903 – Advances in noble gas monitoring and remaining challenges for
detecting nuclear explosion signals

Panelists: Harry Miley1; Anders Ringbom2; Hong Mo Park3; Matthew Goodwin4; Sylvia Generoso5

1Pacific Northwest National Laboratory (PNNL)
2Swedish Defence Research Agency (FOI)
3Korea Institute of Nuclear Safety
4Atomic Weapons Establishment (AWE) Aldermaston
5Commissariat à l’énergie atomique et aux énergies alternatives (CEA)

The CTBTO is setting up and operating a worldwide network of stations to monitor the globe for
evidence of potential nuclear tests. Radioxenon plays a crucial role when determining whether an
event is of CTBT-relevance. Specific measurement systems have been developed in the past decades
and recently enhanced with a new generation of noble gas systems. Tailored analysis methods
have been developed and implemented by the International Data Center (IDC) to make radioxenon
measurement data more and more relevant for CTBT-purposes. This is however a complex task for
the IDC. A highly variable radioxenon background produced by the civil nuclear industry is likely
to interfere with the potential signal of a nuclear explosion, making the identification of CTBT-
specific events a challenging task. New technologies like Molten Salt Reactor may complicate the
situation further. There is still huge potential for refining the radionuclide and atmospheric transport
methods to better understand the radioxenon background, to make screening more discriminative
and to enhance location capabilities. The challenges of radioxenon monitoring will be reviewed and
the potential of further advancing knowledge will be discussed.

Pa2.4-904 – Potential of additional monitoring and OSI technologies

Panelists: Florence Rivière-Bourhis1; Constantino Listowski2; Johannes Hotz3; Laurel Sinclair4; Michaela Frei5;
Jenny Stevanovic6

1Former CTBTO Preparatory Commission
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3Leica Geosystems
4Canadian Hazards Information Service, Natural Resources Canada
5Federal Institute for Geosciences and Natural Resources (BGR)
6Atomic Weapons Establishment (AWE)

After Entry into Force, the Conference of States Parties shall according to CTBT, Article II, para-
graph 27 (f) consider and review scientific and technological developments that could affect the
operation of this Treaty. According to the CTBT, Article IV, paragraph 11: “Each State Party un-
dertakes to cooperate with the Organization and with other States Parties in the improvement of
the verification regime, and in the examination of the verification potential of additional monitoring
technologies such as electromagnetic pulse monitoring or satellite monitoring, with a view to devel-
oping, when appropriate, specific measures to enhance the efficient and cost-effective verification
of this Treaty.”

Specifically, the IMS may be expanded beyond the four sensor technologies of the current IMS. Na-
tional Data Centres don’t need to wait since they have no limitations in which sensor technologies
they apply in analysing announced or potential nuclear explosion events like optical and radar satel-
lite observations. Also, the IDC conducts the requested service of Expert Technical Analysis on IMS
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and other relevant data provided by the requesting State Party to help the State Party concerned
to identify the source of specific events. Therefore, additional monitoring technologies are not a
hypothetical possibility for the future.

For On-site Inspection, the obligation is to use only those techniques specified in the Protocol, Part
II, paragraph 69 that deals with the Inspection Activities and Techniques. A proposal for the first
comprehensive draft list of equipment for use during OSIs was presented by the Provisional Tech-
nical Secretariat (PTS) of the Commission in 2021. It covers all permitted inspection activities and
techniques except for drilling. Advances in science and technology have influenced the proposed
specifications of OSI equipment since the CTBT opened for signature and will continue to do so.
Gaps like drilling still need to be closed, data fusion and automation to be enhanced and it needs to
be ensured that observables that are associated with nuclear explosions conducted in environments
other than underground can be detected.

This panel will discuss which potential additional technologies would be useful and what progress
has been made in demonstrating them.

Pa2.5-905 – Preparations for the next OSI field exercise

Panelists: Gustavo Haquin Gerade1; Alejandra Martinez2; Gordon MacLeod3; Malcolm Coxhead4; Nortin Peter-
David Titus5; Peter Sankey6

1Soreq Nuclear Research Center
2Ensenada Center for Scientific Research and Higher Education (CICESE)
3Los Alamos National Laboratory (LANL)
4CTBTO Preparatory Commission
5Geological Survey of Namibia
6Atomic Weapons Establishment (AWE)

Discussion of panelists on following questions:
- What is the purpose of exercises in the development of OSI capabilities?
- Why we need to validate OSI capabilities in integrated manner?
- Is there another way to validate OSI capabilities?

Pa2.6-906 – EnablingRegional Capacities &NationalDataCentre Supportwith
Training and Technical Assistance

Panelists: Paola García1; Daniela Ghica2; Keyla Carolina Ramirez Loaiza3; Marleine Brax4; Mako SITALI5

1Comisión Chilena de Energía Nuclear
2National Institute for Earth Physics (NIEP)
3Fundacion Venezolana de Investigaciones Sismologicas (FUNVISIS)
4National Center for Geophysics
5Ministry of Mines and Energy, Geological Survey of Namibia

The National Data Centres (NDCs) are crucial for advising their National Authorities on nuclear
explosion monitoring, and in many cases, they play an important role as station operators and in
transmitting IMS data to the CTBTO in Vienna. This panel will discuss the synergy between the
CTBTO and regional experts. The PTS provides technical assistance and training for building the
required national and regional capacity. NDCs can go beyond the capability of the IMS because they
have access to regional network data that are useful for enhancing the monitoring capabilities. With
their expertise, the NDCs provide feedback to enhance IDC products and services. The quality and
effectiveness of Treaty monitoring benefit from this international cooperation.
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Pa2.7-907 – NextGen for the CTBT: Making the youth voices heard

Panelists: SitaraNoor1; Ahmed Elsabagh2; Alice Saltini3; MagdaleneWanguiWanyaga4; Maria Chepurina5

1Belfer Centre, Harvard University
2Major Group for Children and Youth at the United Nations
3European Leadership Network
4SandRose Ltd, CYG & YPN
5Former CTBTO Preparatory Commission

Theempowerment of the next generation of experts, capable of supporting themission of the CTBTO,
both politically and technically, and advancing the universalization and entry into force of the CTBT
is a cross-cutting objective. This commitment is equally aligned with the UN system-wide effort
of meaningful youth engagement, outlined in the UN Secretary-General’s “Youth 2030” strategy,
released in 2018. The strategy encourages the UN system to advance programmatic work not only
“for”, but also “with” youth, enabling co-creation andmeaningful youth inclusion in decision-making
processes and programmatic work.
Since 2016, the CTBTO has been a leading UN system agency in terms of next generation outreach,
awareness raising and education, providing the next generation of nuclear disarmament and non-
proliferation experts with capacity building, research and professional opportunities. The venues
for engagement with youth could be various, from strengthened partnerships with civil society and
academia, to providing support for youth-led projects and integrating the next generation into the
planning and roll out of major CTBT-related events.
The panellists will highlight the achievements of CTBTO initiatives focused in supporting youth,
share best practices of next generation engagement formats, and discuss forward-looking actions.
Moreover, it will serve to raise awareness among experts, diplomats and other UN entities, about
the role of the young professionals to support the CTBT universalization and entry into force.

The panel will also encourage views and suggestions from the audience, which could result in a post-
session roadmap development with innovative suggestions useful for the future synergies between
the CTBTO Youth Group, Young Professional Network and other outreach initiatives focused on
youth,

Pa2.8-908 – Operating the IMS in the framework of the International System
of Units (SI)

Panelists: Richard Barham1; Franck Larsonnier2; Lind Gee3; Svetlana Nikolova4; Thomas Bruns5; Takashi Usuda6

1Acoustic Sensor Networks Limited
2Commissariat à l’énergie atomique et aux énergies alternatives (CEA)
3U.S. Geological Survey (USGS), retired
4Geoscience Australia
5Physikalisch-Technische Bundesanstalt
6National Institute of Advanced Industrial Science and Technology (AIST)

Any system that intends to provide reliable and trustworthy information demands quality processes
that are commensurate with the complexity of the system and criticality of the data. The IMS is
highly demanding in both respects. Therefore, the quality system infrastructure being developed
and implemented for the IMS seismo-acoustic operations aims at realising these goals through un-
prejudiced operational procedures and objective data analysis.
This panel will consider the implications for the evolving quality system, building on the latest in-
ternational developments in low-frequency sound and vibration metrology, such as the European
Infra-AUV project.
Potential impacts and benefits include; improvements in the credibility of data through traceability
to the International System of Units (SI) and knowledge of the associated uncertainty, and enhanced
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operational transparency and impartiality enabled by conformity assessment. The panel will con-
sider the practicalities in implementing these innovations into IMS stations operations, alongside
evolving best-practices across seismo-acoustic technologies, within the wider quality system devel-
opments.
Collectively, the panel members provide leading expertise in metrology and the provision of spe-
cialist measurement services, and in the vital operational considerations for the effective adoption
of new developments. The panel will also address questions and issues that the broad spectrum of
stakeholders may wish to raise.

Pa2.9-909 – CTBTO / UNODA joint panel on leveraging advances in SnT for
multilateral verification purposes - possibilities and challenges

Panelists: Fanny Cossette Tonos Paniagua1; Mayra Ameneiros2; Michelle Grobbelaar3; Oleg Rozhkov4; Peter
Hotchkiss5

1Senior International Consultant
2King’s College London, Center for Science and Security Studies (CSSS)
3Council for Geoscience
4CTBTO Preparatory Commission
5Organisation for the Prohibition of Chemical Weapons (OPCW)

The CTBTO verification system exists within the broader context of international organizations,
global policy making and international collaboration as well as public awareness and safety. The
CTBT International Monitoring System has almost been completed and the readiness for On-site
Inspection has been demonstrated. This panel explores what lessons learned can be transferred to
other control regimes in the domain of weapons of mass destruction and vice versa. Advances in
science and technology can drive progress in advising on policies and solutions based on data and
evidence and can impact confidence building. Further, this panel addresses applications of verifica-
tion technologies and identifies innovative solutions for change within the framework of the CTBT
as well as other relevant agreements and arrangements. Specifically, the following questions and
issues may be addressed:
- What does verification mean in the different regimes and how is (non-) compliance assessed (e.g.,
different principal approaches/concepts adopted)?
- How to keep abreast of advances in S&T and apply them for verification purposes.
- Lessons learned from different regimes (incl. mechanisms adopted (e.g., TWG, high level panel,
technology foresight etc).
- The role and contribution of civil society and industry towards advances in verification capabilities
(ref. UNIDIR study).

Pa2.10-910 – Renforcement des capacités régionales en Afrique francophone

Panelists: Gerard Rambolamanana1; AbdourWahabDjiboMaïga2; KomenanBenjaminKouassi3; MohamedKasmi4;
Rakotondraibe Tsiriandrimanana5

1CTBTO Preparatory Commission
2Haute Autorité Nigérienne à l’Energie Atomique (HANEA)
3Station Geophysique de Lamto
4Centre National pour la Recherche Scientifique et Technique (CNRST)
5Institute and Observatory of Geophysics of Antananarivo (IOGA)

English title: Regional capacity building for IMS station managers and operators in French-speaking
countries in Africa
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This panel discusses operational strategies and challenges faced by managers and operators of In-
ternational Monitoring System stations in French-speaking countries in Africa. The objective is to
strengthen the capabilities of operators in order overcome the challenges encountered in their coun-
tries.
Admittedly, the hurdles confronted by station operators and managers may differ from one country
to another or even between station locations. Yet there may be common challenges for which expe-
rience exchange and synergies could offer solutions. One of the questions that will be addressed by
the panel is how to initiate new operational strategies to improve the activities of station managers
and operators in the region. Such strategies could focus on various elements such as, for example,
digital connectivity, energy supply, equipment transportation, the security context. It could also
investigate synergies between National Data Centres (NDC) in the region as a mean to strengthen
capabilities of the stakeholders and the operation of IMS stations.
The panel will be conducted in French, with experienced station managers and operators from
French-speaking countries in Africa, some of them also staff of NDCs.

Pa2.11-911 – The role of CTBT IMS data to support disaster risk mitigation

Panelists: Xyoli Pérez Campos1; Mariana Patricia Jácome Paz2; Federico Guendel Umana3; Sergio Barrientos4; Juan
V. Cantavella Nadal5

1CTBTO Preparatory Commission
2Instituto de Geofisica, Universidad Nacional Autónoma de Mexico
3Retired - Observatorio Vulcanologico y Sismologico de Costa Rica (OVSICORI)
4University of Chile
5Instituto Geografico Nacional (IGN)

Disasters affect populations on a global scale. The Latin American and the Caribbean (LAC) region,
is frequently impacted by large earthquakes, tsunamis, volcanic eruptions, and extreme weather
events (drought and tropical storms). The raising awareness and concern about the need for disas-
ter risk mitigation, highlights the necessity for operating multi-technology platforms to understand
better the hazards posed by natural phenomena.
Currently, IMS data are provided to 20 Tsunami Warning Centres (TWC) in 19 countries that signed
a Tsunami Warning Agreement with the CTBTO, this includes two TWCs in the LAC region (Chile
and Honduras). IMS data are delivered reliably, timely and securely. This contributes to the work of
TWCs since 2005. As this civil application evolves, progresses are also achieved on scientific appli-
cations relevant to earthquake monitoring, volcano eruption monitoring for aviation and maritime
safety.
The panel will be conducted in Spanish, giving an overview of recent experiences on the use of IMS
data for TWCs in the LAC region and Spain. The potential benefits for civil and scientific applications
will be discussed, in particular how the IMS technologies (waveform and radionuclide networks) can
possibly complement other observation methods. The dialog will also assess how regional cooper-
ation between National Data Centres (NDCs) among each other and with disaster warning centres
may offer perspectives to further mitigate the risk of disasters.

Pa2.12-913 –Mutual benefits betweenArabic-speaking countries and theCTBTO

Panelists: Abdelouaheb Agrebi1; Daw Saad Mosbah Khalefa2; Mohamed Nabil Mohamed ElGabry3; Mufreh Al-
Rashidi4; Shimaa Elkhouly3; Tawfiq Alyazjeen5; Yasameen Hameed Shamkhi6

1Former CTBTO Preparatory Commission
2Arab Atomic Energy Agency
3National Research Institute of Astronomy and Geophysics (NRIAG)
4Director of Quality, Health, Safety & Work Environment Department (QHSWED)
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5Jordan Atomic Energy Commission (JAEC)
6Iraqi National Monitoring Authority

To be updated
[This panel discusses the mutual benefits between the CTBTO and Arabic-speaking countries. For
many local experts engaging in the operation of IMS stations and serving at the National Data Cen-
tres (NDC) having the training and capacity-building materials in Arabic is beneficial. An excellent
example was set with the NDC training for Arabic-speaking NDCs that was held in January 2020 at
the Red Sea in Egypt. The NDCs in Arabic-speaking countries actively monitor nuclear explosion
and prepare for On-site Inspection. Regional experts have made many significant contributions in
using IMS data and advancing analysis methods for events in the region, such as the investigation of
the unfortunate large atmospheric explosions of Beirut in 2020 or to studying natural disasters like
the severe earthquakes in the Türkiye - Syria region in February 2023. Civil applications are also
important for the region, IMS data are used for tsunami early warning in the Mediterranean. The or-
ganisation of the Integrated Field Experiment 2014 (IFE14) in Jordan provided important knowledge
to prepare On-site Inspections, which will be relevant for future experiment.
The panel will be conducted in Arabic, giving an overview of recent experiences on the use of IMS
data for verification purposes. The potential benefits for civil and scientific applications will also
be discussed, in particular how the IMS technologies (waveform and radionuclide networks) can
possibly complement other observation methods. The discussion will also cover the importance of
regional cooperation between NDCs.]

Pa2.13-914 – Introduction of the synergies between professional societies and
the CTBTO

Panelists: Sanam Shantyaei1; Kathy Whaler2; Margaret Hellweg3; Massimo Pellegrino4; Michelle Grobbelaar5;
Oladoyin Odubanjo6; Silvia Blanc7; Atalay Ayele8; Marino Protti9

1CTBTO Preparatory Commission
2University of Edinburgh
3Seismological Society of America (SSA)
4Institute of Electrical and Electronic Engineers (IEEE)
5Council for Geoscience
6The Nigerian Academy of Science
7Argentinian Navy Research Office (ARA) & UNIDEF (CONICET)
8Addis Ababa University (AAU)
9Observatorio Vulcanologico y Sismologico de Costa Rica (OVSICORI)

The purpose of the panel on “Introduction of the synergies between professional societies and the
CTBTO” is to introduce the audience to the professional societies that are represented on the podium
and to inform about their CTBT-related activities.
There is no discussion expected but Q&A will be permitted.

Pa2.14-915 – Introduction of professional networks promoting female andyoung
experts in STEM and cooperation with CTBTO

Panelists: Sanam Shantyaei1; Anne Lycke2; Marius Jano1; Gabi Voigt3; Rengin Gok4

1CTBTO Preparatory Commission
2Norwegian Seismic Array (NORSAR)
3Women In Nuclear (WIN) Global
4U. S. Department of Energy, National Nuclear Security Administration
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The purpose of the panel on “Introduction of professional networks promoting female and young ex-
perts in STEM and cooperation with CTBTO” is to introduce the audience to networks and activities
that are represented on the podium and to inform about their CTBT-related activities supporting the
engagement and integration of youth and female experts in the CTBT experts’ community.
There is no discussion expected but Q&A will be permitted.
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