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Foreword by the Project Executives

As the Project Executives of the CTBT: Science and Technology 2019 (SnT2019) conference, it is our
pleasure to welcome you to this important seventh gathering of the nuclear-test-ban research
community. As with past SnT conferences, this event in the stunning Hofburg Palace provides an
opportunity to collaborate and innovate for the future.
This SnT conference expands discussion on the CTBT verification system in the broader context of
international organizations, global policy making, international collaboration and citizen awareness.
As before, the continued vitality and credibility of the monitoring regime is based upon the
advancement and broad understanding of methods to measure relevant signals from around the
globe.
The effective verification of a comprehensive nuclear test ban is founded on the scientific and
technical capacity of the world’s experts in nuclear test detection and on the infrastructure that
underpins it. This capacity is ever advancing, and we at the CTBTO must remain at the forefront of this
advancement if the effectiveness and credibility of our Treaty’s verification regime are to be
maintained.
With SnT2019, the conference series is again expanding quantitatively: more than 1000 participants
are expected, and more than 120 oral and 500 poster presentations will take place. The quality is
enhanced with more stringent acceptance criteria for abstracts and more expert panels than ever
before. Throughout the week, one room will be dedicated to hosting only panels, giving participants
the opportunity to discuss some of the most inspiring topics with high relevance for the future
scientific and technological developments that will have an impact on CTBT implementation and its
entry into force.
We look forward to your active participation in this conference. Whether you are presenting results,
learning of recent advances by others, sharing practical experiences or discussing new initiatives and
plans, your involvement adds to the dynamism and progress of the CTBT community.
We wish you a collaborative and invigorating experience at SnT2019 and a pleasant stay in beautiful
Vienna.
Tammy Taylor
Director, International Data Centre Division
CTBTO Preparatory Commission

Nurcan Meral Özel
Director, International Monitoring System
Division
CTBTO Preparatory Commission

Tammy Taylor is the Director of the International
Data Centre Division. Before joining the CTBTO,
she was the Chief Operating Officer of the
National Security Directorate at the Pacific
Northwest National Laboratory (PNNL) in the
United States of America, where she led the
mission execution, capability development and
project management of the three divisions and
four project management offices representing
the National Security Directorate. Prior to joining
PNNL in 2013, she served in a number of
positions over 14 years at Los Alamos National
Laboratory (LANL). She served as the Deputy
Associate Director of Chemistry, Life and Earth
Sciences, the Division Leader of Nuclear
Engineering and Non-Proliferation, a group
leader, project leader, staff member and
Director’s Postdoctoral Research Fellow.
From 2007 to 2010, Taylor was an
Intergovernmental Personnel Act assignee from
LANL to the Office of Science and Technology
Policy (OSTP) in the Executive Office of the
President within the National Security and
International Affairs Directorate of OSTP, serving
the Science Advisors to President Barack Obama
and President George W. Bush. She managed the
national science and technology portfolio on
nuclear
defence
issues
including
nonproliferation, nuclear detection, nuclear forensics
and nuclear detonation response and recovery,
dealing with issues such as preparedness,
planning,
medical
counter
measures,
decontamination and long term recovery.
Taylor has a PhD and a Master’s degree in
Environmental Engineering from the Georgia
Institute of Technology in the United States of
America. Her undergraduate degree is in Civil
Engineering from New Mexico State University in
the United States of America.

Nurcan Meral Özel is the Director of the
International Monitoring System Division. Before
joining the CTBTO, she was Head of the
Geophysics Department at Bogazici University
(BU) and Vice-Director of the BU-Kandilli
Observatory and Earthquake Research Institute
(BU-KOERI) in Turkey from 2009 to 2014. Özel
was responsible for and coordinated all
seismological operations at BU-KOERI, which
hosts the Regional Earthquake and Tsunami
Monitoring Center and the Istanbul Earthquake
Early Warning System.
From 2010 to 2015, Özel led the National Tsunami
Warning Center establishment project, which
implemented real time tsunami monitoring at
BU-KOERI as well as the first tsunami
communication system in Turkey. She is the
founding coordinator of the National Tsunami
Warning System in Turkey, which has been
operational since 2012 and provides services to
the eastern Mediterranean, Aegean and Black
Seas.
Özel was the Director of the Turkish National
Data Centre from 2006 to 2014. She has made
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scientific
and
operational
contributions to earth science and to earthquake,
tsunami and nuclear test monitoring and
research in her country. Özel has developed
expertise in earthquake source mechanisms,
global seismology, deep and moderately deep
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motion, seismic array methods of monitoring
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systems, and tsunami modelling.
Özel was also a Professor of Geophysics at BU
from 2005 to 2014. She has supervised 10
Master’s and 8 Ph.D. students and has more than
60 scientific publications. Özel holds a
Geophysical Engineering degree from Istanbul
University in Turkey and a PhD in Seismology
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thus significantly
improve
the seasons.
understanding of a
station’s by
detection
capability LiDAR
throughout
a year; especially
the hemispheric
summer
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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boundary
on fluctuations
the parameters
of acoustic
generated
a certain
boundary
layer layer
(ABL)(ABL)
on fluctuations
of theofparameters
of acoustic
pulsespulses
generated
with with
a certain
periodperiod
(1 (1
an artificial
detonation
are presented.
The vertical
profiles
of wind
velocity
fluctuations
min) min)
by anby
artificial
detonation
sourcesource
are presented.
The vertical
profiles
of wind
velocity
fluctuations
in thein the
thin layers
the ABL
retrieved
the wave
and travel
the recorded
arrivals
thin layers
of theofABL
have have
been been
retrieved
usingusing
the wave
formsforms
and travel
timestimes
of theofrecorded
arrivals
of of
the source.
It is shown
thatmechanism
the mechanism
of scattering
of pulse
signals
in a stably
stratified
is
pulsespulses
from from
the source.
It is shown
that the
of scattering
of pulse
signals
in a stably
stratified
ABL ABL
is
similar
the mechanism
of scattering
of signals
ground
surface
explosions
by layered
nonhomogeneities
similar
to thetomechanism
of scattering
of signals
from from
ground
surface
explosions
by layered
nonhomogeneities
of wind
velocity
and temperature
the stratosphere
and lower
thermosphere.
The of
role
of similarity
parameter
of wind
velocity
and temperature
in theinstratosphere
and lower
thermosphere.
The role
similarity
parameter
here place
the dimensionless
thickness
the reflecting
nonhomogeneous
the vertical
here place
the dimensionless
thickness
of theofreflecting
nonhomogeneous
layers,layers,
whichwhich
is theisvertical
scale scale
of of
the layer
multiplied
by relative
the relative
difference
in effective
velocity
and normalized
by vertical
the vertical
the layer
multiplied
by the
difference
in effective
soundsound
velocity
and normalized
by the
wavelength.
The effect
of inhomogeneities
such inhomogeneities
the temporal
fluctuations
the azimuth
and arrival
wavelength.
The effect
of such
on theontemporal
fluctuations
of theofazimuth
and arrival
timestimes
of of
the signals
is studied.
The estimation
the error
in localization
of pulsed
sources
is given.
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used
together
in a lock-in
technique
to effectively
vertical
air masses
on surface
measurements.
technique
in a lock-in
technique
to effectively
trace trace
vertical
air masses
basedbased
on surface
measurements.
This This
technique
to study
progression
and speed
of atmospheric
thatcells
the are
cellsdecelerating
are decelerating
allowsallows
to study
progression
and speed
of atmospheric
cells. cells.
Data Data
show show
that the
duringduring
the the
summer
is extending
in time.
This
is caused
by warming
the whole
troposphere
and increased
summer
periodperiod
whichwhich
is extending
in time.
This is
caused
by warming
of theofwhole
troposphere
and increased
tropopause
to rising
concentrations.
Aestival
episodes
of persistent
high-pressure
systems
tropopause
heightheight
due todue
rising
CO2 CO2
concentrations.
Aestival
episodes
of persistent
high-pressure
systems
over over
Europe
withpressure
low pressure
gradients
thattoled
to almost
stationary
thunderstorms
are correlated
withobserved
the observed
Europe
with low
gradients
that led
almost
stationary
thunderstorms
are correlated
with the
deceleration
of atmospheric
cell movement.
This demonstrates
that and
7Be22Na
and 22Na
can
be used
as indicators
deceleration
of atmospheric
cell movement.
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that 7Be
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for for
confirming
several
side effects
of climate
change
providing
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tool
in seasonal
weather
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change
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CNEOS
website
In this
studystudy
we we
examined
344 344
bolides
(airbursts)
reported
on the
JPL JPL
CNEOS
website
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and attempt
to correlate
infrasound
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and attempt
to correlate
these these
with with
infrasound
detections.
We found
of these
bolides
detectable
at one
leastinfrasound
one infrasound
station
only
42 were
detections.
We found
206 of206
these
bolides
were were
detectable
by at by
least
station
whilewhile
only 42
were
automatically
registered
as of
part
the Reviewed
Bulletin
by CTBTO.
However,
automatically
registered
as part
theofReviewed
EventEvent
Bulletin
(REB)(REB)
issuedissued
daily daily
by CTBTO.
However,
this this
detection
of ~10%
averaged
2007-2018
less the
than"modern"
the "modern"
rate (from
2014-2018)
globalglobal
REB REB
detection
rate ofrate
~10%
averaged
from from
2007-2018
is lessisthan
rate (from
2014-2018)
approaches
Above
kT CTBTO
threshold,
we that
find40%
that of
40%
of airbursts
are reported
whichwhich
approaches
20%. 20%.
Above
the 1 the
kT 1CTBTO
designdesign
threshold,
we find
airbursts
are reported
in in
the REB,
than are
90%detectable
are detectable
or more
infrasound
stations.
All airbursts
with energy
the REB,
whilewhile
more more
than 90%
at oneatorone
more
infrasound
stations.
All airbursts
with energy
>2 >2
kT reported
the fireball
JPL fireball
site since
detected
infrasonically.
However,
the REB
is only
kT reported
on theonJPL
site since
2007 2007
have have
been been
detected
infrasonically.
However,
the REB
is only
complete
kT with
the automated
detection
system
not having
reported
at least
four airbursts
complete
aboveabove
15 kT15with
the automated
detection
system
not having
reported
at least
four airbursts
with with
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energies between 8 – 14 kT during 2007-2018. We will present details of the IMS airburst detection efficiency
by season, airburst energy and other detection variables.
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NEMO - A Global Near Real-Time Fireball Monitoring System
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Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
The NEar real-time MOnitoring system, called NEMO, is a project for world-wide and near real-time monitoring
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
of bright fireballs, currently under development. NEMO is based on an alert system collecting information on
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
fireball events and will be a combined world-wide database for large fireball events with the goal to analyse and
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
combine data of these events from various data sources to maximize the scientific output. Based on social media,
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
the alert system can provide very fast notifications for fireball events. Furthermore, diverse data sources are
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
investigated like witness reports, meteorological satellite data, or the IMS infrasound data. There is still a lack of
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
knowledge on extra-terrestrial objects in the intermediate size range (decimetres to metres). These objects cause
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
bright fireballs when they impact the Earth’s Atmosphere, which they do frequently, but are too small to be
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
detected by NEO (near-Earth object) surveys. To close this gap between large meteoroids and small asteroids is
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
one of NEMO’s aims. In this talk a brief introduction on NEMO and its working principle will be given,
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
illustrated by an example of a NEMO event: the Russian daytime fireball from 21 June 2018.
simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
simulations.

T1.1-O7

T1.1-O2

Recording of Internal Gravity Waves and Infrasound Waves from the Warm
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The results of recording
internal gravity
infrasound
waves from
the warm
and cold fronts associated
Germany
with the atmospheric
storm
passing
through
Moscow
on
May
29,
2017
are
presented.
The waves were recorded
4
Aerospace Center
(DLR), Institute
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by a network ofGerman
4 microbarographs
IFA-MGU-MSRZNSoflocated
in Moscow
and Oberpfaffenhofen-Wessling,
Moscow region. It shows the
Germany;
München, Meteorological
Munich,
temporal changes
in theLudwig-Maximilians-Universität
characteristics of IGWs and infrasound
waves such asInstitute
coherence,
direction of
Germany
propagation,phase
velocities, characteristic periods and frequency spectra with the passage of warm and cold
fronts throughContact:
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patrick.hupe@bgr.de
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In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
T1.1-O8 Remote Monitoring Volcanic Eruptions Using IMS Infrasound Data
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
1
1
2
3 and a semi-empirical
modelled basedT.on
operational
ocean wave
interaction
simulations
attenuation relation.
Arnal
, A. Le Pichon
, P. Hereil
, E. Marchetti
, P. Mialle4
1
This relation strongly
dependsàon
the middle
atmosphere
(MA) dynamics;
however,
Commissariat
l’énergie
atomique
et aux énergies
alternatives
(CEA), vertical
France temperature and
2
wind profiles, provided
by numerical
prediction
Meteo France,
VAAC weather
Toulouse,
France (NWP) models, have exhibited significant biases when
compared with3 University
high-resolution
LiDAR
soundings.
A Sciences,
fully autonomous
LiDAR for MA temperature
of Firenze,
Department
of Earth
Firenze, Italy
measurements 4was
installed
at IS26 Commission,
for estimatingVienna,
uncertainties
CTBTO
Preparatory
Austriain the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model
analysis
produced by the European Centre for Medium-Range Weather Forecasts. Such
Contact:
alexis.le-pichon@cea.fr
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using
the direct Research
NWP model
output. Incorporating
realistic
wind and temperature
uncertainties
in NWP
models,
The European
Infrastructure
project ARISE
demonstrated
that infrasound
is an efficient
method
for
obtained
by high-resolution
LiDAR
measurements,
thus significantly
improve
understanding
of a
remote volcano
monitoring up
to distances
of severalcan
thousand
kilometers. Near
field the
infrasound
observations
station’s
detection
capabilityinthroughout
a year; especially
during
hemispheric
summer
seasons. of ongoing
can be used
to reconstruct
detail the eruptive
chronology
and totheprovide
near-real
time notification
activity to civil protection authorities. At larger distances recent work showed that infrasound parameters could
constraint the source strength and eruptive chronology. Such parameters are useful to model the ash plume
dispersion which is strongly controlled by source term information that is often missing, especially for volcanic
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eruptions
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source
terms
to
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(VAAC).
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boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
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vertical
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Blanc2 fluctuations in the
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of the national
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been
retrieved
using the (CNRS),
wave forms
and travel times of the recorded arrivals of
de la
recherche
scientifique
France
2
pulses from
the source. Itàisl’énergie
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the mechanism
of scattering
of pulse
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in a stably stratified ABL is
Commissariat
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of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here temperature
place the dimensionless
of thearereflecting
layers, which
is the vertical
Rayleigh
and Dopplerthickness
wind lidars
powerfulnonhomogeneous
instruments to monitor
the vertical
profile scale
of of
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
atmospheric parameters up to the upper mesosphere. Such instruments are operated routinely at Haute-Provence
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
Observatory (OHP) in South-East France and at Maïdo Observatory in Reunion Island in the frame of the of
the signals
is studied. of
The
estimation of
the error inChange
localization
of pulsed
sources
given. Acknowledgement:
Network
for the Detection
Atmospheric
Composition
(NDACC)
and they
are isincluded
in the ARISE
This workdynamics
was supported
by RFBR
N 18-55-05002
(Atmospheric
Research
InfraStructure
in Europe) project. They allow to monitor the long-term
evolution of the middle atmosphere in relation with global climate change and to study the role of atmospheric
waves (gravity waves, planetary waves, sudden stratospheric warmings) in the variability of this region at
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allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
summer
period
which
is extending
time. This
by warming
of the radionuclides
whole troposphere
and increased
The atmospheric planetary boundary
layerin(ABL)
playsisa caused
major role
in the detected
concentrations
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
at the ground level; it can describe the dynamic and the behavior of the air movement in the region of interest.
In over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
this work, data collected from the CTBTO/IMS RN40 station for the years 2013-2018 along with the
deceleration
of atmospheric
cell movement.
demonstrates
thattemperature
7Be and 22Na
can be
used
as to
indicators
measurements
of the
upper air temperature
using This
MTP-5H
microwave
profiler
were
used
study for
confirming
several
side
effects
of
climate
change
while
providing
a
new
modelling
tool
in
seasonal
weather
the influence of Kuwait ABL on the concentrations of Be-7 as a natural and Cs-137 as an anthropogenic
forecast.
radionuclides in atmosphere. Results showed that the height and the frequencies of the formation of the surface

temperature inversion were linked with the high concentrations of both radionuclides detected in Kuwait.

T1.1-O5

Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.1-O11 Uncertainties in Numerical Weather Forecasting Models and infrasound
sSmulations as Observed by the ARISE
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Accurate meteorological
modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
The middle
and upperare
atmosphere
is a variational
highly variable
subseasonal
timein scales.
variability
common
philosophies
nudging and
DA. environment
Traditionally,atnudging
is used
T&D, This
whereas
more
influences
the
general
atmospheric
circulation
especially
through
the
propagation
and
breaking
of
planetary
and
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
gravity
waves
in
the
stratosphere
and
mesosphere.
The
ARISE
(Atmospheric
dynamics
Research
InfraStructure
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
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Overall this
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guidance for the meteorological community as to which DA techniques provide the most value for T&Dto
different conditions, depending on wave activity. The ARISE perspective is to provide new data sets for model
simulations.
assessment, assimilation in medium range weather prediction models and in operational infrasound simulations.
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Grímsvötn volcano, located under the Vatnajökull glacier on the center of the active NE rift zone of Iceland, is
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
the most active volcano of Iceland. Its last eruption, on May 2011, broke the ice cover and became subaerial
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
explosive, ejecting volcanic ash into the atmosphere, causing major impact in air traffic in the Northwestern
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
Europe and in the North Atlantic. We present long-range observations of the May 2011 Grímsvötn eruptive
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
activity recorded at IS18, IS26, IS42, IS43, IS31, IS10, IS53 and IS17, at source-to-receiver distances ranging
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
from approximately 2,250 km to 6,500 km, with a maximum azimuthal gap of approximately 210˚. We relate
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
those volcanic sources of infrasonic waves to events listed in the Reviewed Event Bulletin (REB) of the CTBTO
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
International Data Center (IDC), based on the detections associated back azimuths and on the local
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
volcanological observations from the Icelandic Meteorological Office (IMO) published reports.
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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Mount Etna, the largest and most active volcano of Europe, is located on the NE region of Sicily Island, southern
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deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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several weeks. Gravity waves observed in the lower part of the infrasound spectrum can also be parameterized
for improved representation in models. - Climate change: TheT1.1
long duration
infrasound time series
are relevant
Atmospheric
Dynamics
to determine the evolution of disturbances with the climate change. This concerns tropical convection, lightning
activity, cyclones and ice breaking in polar regions. - Civil security: Infrasound remote monitoring is well
adaptedPresentations
to automatically detect and notify volcano eruptions at global scale. The impact for civil aviation is large
Oral
especially for unmonitored volcanoes. The Volcano Information System (VIS) is proposed in cooperation with
CTBT organization and the Toulouse Volcano Ash Advisory Center (VAAC). A prototype is included in the
ARISE data Center. Infrasound observations are also relevant for the monitoring of thunderstorms and meteors.
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dynamics;
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mostmodels,
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autonomous LiDAR for MA temperature measurements was installed in Rio Grande, Argentina, which is around
simulations.
60 km north of IS02. Temperature measurements have been carried out since November 2017. The poster
provides first results of collocated LiDAR and infrasound measurements covering a time period of more than
one year. Due to the extended duration of the LiDAR campaign at IS02, compared to the one at IS26 in 2016
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Atmospheric Dynamics involves observational and theoretical analysis of all motion systems of meteorological
Contact: such
patrick.hupe@bgr.de
significance, including
diverse phenomena as thunderstorms, tornadoes, gravity waves, tropical hurricanes,
extratropical cyclones, jet streams and global scale circulation. When there is a nuclear explosion, all the
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
particles comes out and travel to the oceans, earth and atmosphere. Another area is atmospheric dynamics
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
relevant to the transport of radionuclides and the propagation of atmospheric infrasound. All elements released
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
into the atmosphere changes the atmospheric dynamics. Particles that stay in the atmosphere influence the
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
weather and also lead to climate change. Gases released from a nuclear event can damage our greenhouses that
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
protect our earth. This means that we will have weather extremes, for example: higher temperatures (heat
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
waves), colder winters and sea level rise. With all the data it is very easy to analyze the events and detect
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
upcoming events.
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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The ability of the International Monitoring System (IMS) global infrasound network to detect atmospheric
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
explosions
and events of interest strongly depends on station specific ambient noise signatures which include
fluctuations of the parameters of acoustic pulses generated with a certain period (1
both boundary
incoherentlayer
wind(ABL)
noiseonand
coherent infrasonic waves. To characterize the coherent ambient noise,
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
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climate
simulations
can accordingly
be developed
based
Europe with
low change
pressurepatterns.
gradientsModels
that ledfortodeveloping
almost stationary
thunderstorms
are correlated
with the
observed
on study
findings. of
This
briefly explained
concept isThis
challenging
yet interesting
as it 22Na
may help
understanding
deceleration
atmospheric
cell movement.
demonstrates
that 7Be and
can us
be in
used
as indicators for
futureconfirming
of our habitat.
several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T1.1-P10 CORAL – An Autonomous Middle Atmosphere Lidar in Southern Argentina
T1.1-O5 Detection
Efficiency
of2 the IMS3for Bolides
1
1
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German
Aerospace
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N. GiCenter (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Germany
University of Western Ontario, London, ON, Canada
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Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
Contact: pbrown@uwo.ca
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German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
München, Meteorological
Munich,
In this Germany;
study weLudwig-Maximilians-Universität
examined 344 bolides (airbursts)
reported on Institute
the JPL
CNEOS website
Germany
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
Contact:
patrick.hupe@bgr.de
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
The Compact
Rayleigh
Autonomous
Lidar
(CORAL)
a high-power
Rayleigh
backscatter
designed
for
global REB
detection
rate of ~10%
averaged
fromis 2007-2018
is less
than the
"modern"lidar
rate (from
2014-2018)
profiling
theapproaches
middle atmosphere
andthe
studying
gravity design
waves threshold,
from the troposphere
the of
mesopause
region
at in
which
20%. Above
1 kT CTBTO
we find thatto40%
airbursts are
reported
the90REB,
while more
thandeployed
90% aretodetectable
at one
or more
infrasound
stations.
All airbursts
with
energy
around
km altitude.
It was
Rio Grande,
Tierra
del Fuego,
Argentina
in November
2017
and
has > 2
since kT
thenreported
collected
thanfireball
1300 hsite
of high-resolution
data.
Using
localinfrasonically.
weather data and
forecasts,
lidar
onmore
the JPL
since 2007 have
been
detected
However,
thethe
REB
is only
operates
autonomously
are obtained
on average
on two
out reported
of three at
nights.
of with
complete
above 15and
kTmeasurements
with the automated
detection
system not
having
least The
four region
airbursts
Tierra del Fuego is known for the largest stratospheric gravity wave activity on Earth, where gravity waves are
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excited by strong zonal winds crossing the Andes mountains. Average potential energy densities of 60 J/kg at
40-50 km altitude are reached during winter, and significantly higher values are observed during intermittent
T1.1 Atmospheric
Dynamics
extreme gravity wave events. We present the lidar instrument technology,
measurement statistics,
an overview of
the temperature and gravity wave datasets and selected examples of large-amplitude mountain waves.

Oral Presentations
T1.1-P11 Estimating Tropospheric and Stratospheric Large-Scale Wind Components
Using Infrasound
from Explosions
T1.1-O1 Application
of Advanced
Data Assimilation Techniques to Improve
Atmospheric
Transport
and
Dispersion
Predictions
E.M. Blixt, S.P. Näsholm, S.J. Gibbons,
T. Kværna
Norwegian Seismic Array (NORSAR), Kjeller, Norway
N. Heath, A. Suarez-Mullins
Contact:
marten.blixt@norsar.no
Air
Force Technical
Applications Center (AFTAC), Patrick Air Force Base, FL, USA

Contact:wind
nicholas.heath@us.af.mil
We study large-scale
effects on infrasound propagation to the seismic array ARCES, Norway, utilizing 30
years of data from around 600 ground truth events at the Hukkakero military blast-site in Finland, which all are
Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
well-constrained in location and origin time using seismic data. The wind component perpendicular to the
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
infrasound propagation (cross-wind) will translate the wave a distance proportional to wind magnitude and travel
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
time. Using observed deviations from the true azimuth to the explosion site, combined with the observed travel
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
time, we demonstrate that an average large-scale cross-wind can be estimated solely from infrasound data. Our
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
analysis shows that the infrasound-based estimation of the cross-wind has a high degree of correlation with the
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
cross-winds extracted from ERA-interim atmospheric re-analysis models. We suggest using this approach for
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
estimating the tropospheric and stratospheric large-scale wind components. These results also confirm that in an
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
event localization context, without ground truth information, knowledge of the average cross-wind is of great
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
value for event location improvement.
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
T1.1-P12
EUNADICS-AV
Tracer Experiment:
Model
Evaluation
Y
guidance
for the
meteorological community
as to which DAModelling
techniques and
provide
the most
value for T&D
simulations.
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Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
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German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
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Germany Middle Atmosphere Weather Models Using Lidar and Ambient
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Federal
Institute
for Geosciences
and Natural
(BGR),
Hannover,
Germany
Aviation is one
of the most
critical
modes of transport
in thisResources
century. Even
short
disruptions
of flight schedules
2
Commissariat
à
l’énergie
atomique
et
aux
énergies
alternatives
(CEA),
France
result in major
economic
damages
as
was
proven
by
the
aftermath
of
the
2010
Eyjafjallajökull-eruption
in
3
German
Aerospace
Centerimportant
(DLR), Institute
Atmospheric
Oberpfaffenhofen-Wessling,
Iceland. Air traffic
safety
is another
aspect. ofThe
focus of Physics,
the ongoing
project EUNADICS-AV
Germany
(European Natural
Airborne Disaster Information and Coordination System for Aviation) is on developing
4
German
Aerospace
Center
(DLR),
Institute
of at
Atmospheric
Physics,
Oberpfaffenhofen-Wessling,
methods and systems which
guarantee
a safe
air traffic
and
the same time
low economic
damages in case of a
München, 2018
Meteorological
Institute
possible naturalGermany;
hazard orLudwig-Maximilians-Universität
a possible nuclear accident. In September
an experiment
tookMunich,
place in Germany
and Austria in Germany
order to simulate a real emergency situation. Small amounts (5 to 10 kilograms) of a non-toxic,

inert tracer gas
(Perfluorcarbon-PFC)
were released in Oberpfaffenhofen/Germany and Langenlebarn/Austria
Contact:
patrick.hupe@bgr.de
into the atmosphere to be transported by the wind. Altogether three aircrafts with specific measurement devices
Inwere
routine
processing
IMS infrasound
data at the
microbaroms
with
dominant
frequencies
ranging by
from
flying
throughofassumed
regions affected
byIDC,
the dispersed
tracer
gas,
which had
been predicted
the
0.1
to
0.5
Hz
appear
in
overlapping
frequency
bands
and
are
considered
as
noise.
In
this
study,
microbarom
atmospheric transport and dispersion models FLEXPART and HYSPLIT, to measure its distribution. In this
signals
were used
as compare
calibration
signals, and
amplitudes
at the for
German
station and
IS26evaluate
were
presentation
we will
FLEXPART
and their
HYSPLIT
qualitatively
one ofinfrasound
the tracer releases
modelled
based
on
operational
ocean
wave
interaction
simulations
and
a
semi-empirical
attenuation
relation.
FLEXPART based on the measurements.
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
T1.1-P13 Filling a Gap in the Wet Scavenging Scheme in FLEXPART 10.3
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
1
2
wind perturbations,
considering
observed
biases and deviations, were added to the operational high-resolution
A. Philipp
, P. Seibert
1
atmospheric model
analysis
produced
by
the European Centre for Medium-Range Weather Forecasts. Such
University of Vienna, Austria
uncertainties in 2horizontal
winds
and
temperature
explain
97%Life
of the
actual(BOKU),
detections,
compared
to 77% when
University of Natural Resources and
Applied
Sciences
Vienna,
Austria
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
Contact: anne.philipp@univie.ac.at
obtained by high-resolution
LiDAR measurements, can thus significantly improve the understanding of a
station’s
detection
capability
throughout
year; especially
during
hemispheric10.3
summer
seasons.
Recently an improved wet scavenging ascheme
was released
fortheFLEXPART
(April
2017). It focuses on
physically-based improvements by using 3D cloud water fields which allow to better distinguish between in- and
below-cloud scavenging. Even though this procedure shows much better realistic results than previous schemes,
improvements with respect to numerical aspects (interpolation in time of clouds/cloud water and the falsification
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and fall-back
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for missing
cloud water fields
still pending.
Therefore,
T1.1-O3disaggregation)
Atmospheric
Boundary
Layer
as a Laboratory
for are
Modeling
Infrasound
we introduce a new disaggregation method for precipitation data and linearly interpolate the cloud information.
Propagation
and clouds
Scattering
in the Atmosphere
Additionally, the relationship
between
and precipitation
and the impact of different scavenging
1
1
1
1
parameters are studied.
Missing
cloud
information
can
be
substituted
with
based on 2
I. Chunchuzov , S. Kulichkov , V. Perepelkin , O. Popov
, A.parameterizations
Vardanyan2, G. Ayvazyan
1 relative humidity, distinguishing between large-scale and convective clouds. To ensure
precipitation rates and
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
consistent quality for Federation
future FLEXPART versions, the testing environment introduced in FLEXPART 10.3 is
2
extended by some automated
test cases to
allow Talin,
regression
testing. The methodology together with, idealised and
Barva Innovation
Center,
Armenia
real case tests are presented.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric

T1.1-P14
IDC
Technology
boundary
layerInfrasound
(ABL) on fluctuations
of theDevelopments
parameters of acoustic pulses generated with a certain period (1

min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
P. Mialle
thin layers
of the and
ABLColleagues
have been retrieved using the wave forms and travel times of the recorded arrivals of
CTBTO
Preparatory
Commission,
Austria
pulses from the source. It is shown
that theVienna,
mechanism
of scattering of pulse signals in a stably stratified ABL is
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
Contact:
pierrick.mialle@ctbto.org
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
The IDC
methods and thickness
continuously
improves
its nonhomogeneous
automatic system layers,
for the which
infrasound
hereadvances
place theitsdimensionless
of the
reflecting
is thetechnology.
vertical scale of
The IDC
on enhancing
the automatic
system forinthe
identification
valid signals
and the optimization
the focuses
layer multiplied
by the
relative difference
effective
sound ofvelocity
and normalized
by the vertical
of thewavelength.
network detection
threshold
identifying ways
refine signal
characterization
methodology
The effect
of such by
inhomogeneities
on thetotemporal
fluctuations
of the azimuth
and arrivaland
times of
association
criteria.
An objective
of this study
reduce
the number of
of pulsed
associated
infrasound
arrivals
that are
the signals
is studied.
The estimation
of is
thetoerror
in localization
sources
is given.
Acknowledgement:
rejected
from
thewas
automatic
when
generating the reviewed event bulletins. A number of ongoing
This
work
supportedbulletins
by RFBR
N 18-55-05002
projects at the IDC will be presented, such as: - improving the detection accuracy at the station processing stage
by introducing the infrasound signal detection and interactive review software DTK-(G)PMCC (Progressive
Multi-Channel Correlation) and by evaluating the performances of detection software; - development of the new
T1.1-O4
Climate
Change
Through
thesoftware
Eyes ofNET-VISA
Radioisotopes
generation
of automatic
waveform
network
processing
to pursue a lower ratio of false
1
2
3
4
5
6
alarms over GA (Global
Association)
and
a
path
for
revisiting
the
historical
IRED.
The IDC
identified
a number
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner
, I. T.
Hoffman
1
of areas for improvement
of
its
infrasound
system,
those
will
be
shortly
introduced.
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
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Propagation-Based,
Stochastic Models for Bayesian Infrasonic
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University
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and Characterization
6
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2
University
of Mississippi,
National
Center for are
Physical
Acoustics,
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USA and can be used together
Cosmogenic
radionuclides
beryllium-7
and sodium-22
known
atmospheric
in a lock-in
technique
to effectively trace vertical air masses based on surface measurements. This technique
Contact:
pblom@lanl.gov
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Bayesian
methodologies
have
been developed
analysis ofofthe
infrasonic
signals including
summer
period which
is extending
in time. for
Thisnetwork
is causedlevel
by warming
whole troposphere
and increased
association,
localization,
andtocharacterization.
In the case Aestival
of localization
andof characterization,
the underlying
tropopause
height due
rising CO2 concentrations.
episodes
persistent high-pressure
systems over
propagation
utilized
in computing
the led
source
parameters
can thunderstorms
be simplistic and
or include
Europemodels
with low
pressure
gradients that
to almost
stationary
are generalized
correlated with
the observed
propagation-based,
stochastic
models
to a This
givendemonstrates
spatial and temporal
US for
deceleration of
atmospheric
cell unique
movement.
that 7Be scenario
and 22Nasuch
can as
be the
usedwestern
as indicators
duringconfirming
winter. Previously,
these
propagation-based,
stochastic
models have
been
constructed
archived
several side
effects
of climate change
while providing
a new
modelling
toolusing
in seasonal
weather
atmospheric
specification data and large-scale propagation simulation campaigns. Statistical analysis of the
forecast.
underlying seasonal variability in the atmosphere has led to refinement in the profiles needed for use in the
simulation campaigns and methods are being developed to further refine the construction of propagation models
for events
of interestDetection
using atmospheric
updating
techniques.
An Bolides
overview of the construction and use of these
T1.1-O5
Efficiency
of the
IMS for
propagation models will be presented along with discussion of several applications including standard signal
analysis for localization
and N.
characterization
of infrasonic events as well as optimization of network
P. Brown,
Gi
configuration for signal
detectability.
University
of Western Ontario, London, ON, Canada
3

Contact: pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.1-P16 Improving the Infrasound Monitoring Capability in Europe Incorporating
CEEIN
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Application of Advanced Data Assimilation Techniques to Improve
Atmospheric
Transport and Dispersion Predictions
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N.2018,
Heath,the
A.Central
Suarez-Mullins
Established in
and Eastern European Infrasound Network (CEEIN) consists of six national
Air Force
Applications
(AFTAC),
PatrickThis
Air Force
Base, FL, USA
microbarograph
stationsTechnical
in Hungary,
Romania,Center
Austria,
and Czechia.
joint experiment
aims to contribute
both to advanced
understanding
of
infrasound
sources
in
Central-Europe
and
to
the
ARISE
design
study project,
Contact: nicholas.heath@us.af.mil
as an enhancement of the European infrasound network. Several events of interest including accidental
explosions,
bolides, North
Sea sonic
booms,
volcanic eruptions
and severe transport
weather and
phenomena
have
been
Accurate
meteorological
modeling
is critical
for obtaining
realistic atmospheric
dispersion
(T&D)
studied. Data
processing
anddata
analysis
have been
using
the latest
version of DTK
software
predictions.
There
are several
assimilation
(DA)performed
techniques by
used
to improve
meteorological
results.
Two
(GPMCC
and DIVA).are
Network
performance
modeling
undertaken
and proved
that
European
detection
common
philosophies
nudging
and variational
DA. were
Traditionally,
nudging
is used
in the
T&D,
whereas
more
capability
is
significantly
improved
by
incorporating
data
from
the
CEEIN.
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
the
Weather Research
and Forecasting
(WRF)for
model
for the
ColoradoModel
SpringsCalibration:
Tracer Experiment
(COSTEX).
T1.1-P17
Infrasound
Monitoring
Global
Climate
A Two-Way
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
Collaboration
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
1
3
Integrated Trajectory
model.
thede
COSTEX
tracer
the correlation, fractional bias, figure of
C. Millet
, F. Using
Lott2, A.
la Camara
, P.observations,
Mialle4
1
merit in space, and
Kolmogorov-Smirnov
parameter
are énergies
computed
to evaluate
the robustness
of the T&D
Commissariat
à l’énergie atomique
et aux
alternatives
(CEA),
France
simulations and2 identify
which
DA techniqueDynamique
provides the
most
realistic results.
Laboratoire
de Météorologie
(LMD
) ENS,Paris,
FranceOverall this study provides
3 meteorological community as to which DA techniques provide the most value for T&D
guidance for the
Institute of Geosciences, CSIC-UCM, Madrid, Spain
simulations. 4 CTBTO Preparatory Commission, Vienna, Austria
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While stochastic
parameterizations
Global Climate
Models (GCMs)
areUsing
promising
for improving
longstanding
T1.1-O2
Assessing
Middle in
Atmosphere
Weather
Models
Lidar
and Ambient
climate predictions,
is noStudy
consensus
regarding the values of tunable parameters. Further, in infrasound
Noise: there
A Case
for IS26

studies randomness is often described as a disturbance superimposed onto given atmospheric specifications,
1
1
2
2
4
P. Hupe
, L. on
Ceranna
, C. Pilger1This
, M. De
Carlo
, A. how
Le Pichon
, B. 3schemes
, M. Rapp
without feedback
effect
climate/weather.
work
shows
stochastic
in a GCM can be
1
Institute for
and Natural
Resources
Hannover,
calibrated withFederal
data provided
by Geosciences
the IMS infrasound
network
and (BGR),
full-wave
acousticGermany
modeling, using the
2
Commissariat
l’énergie
atomique concept
et aux énergies
alternatives
(CEA), France
FLOWS platform,
developedà at
CEA. FLOWS’
of propagation
is expressed
in the form of a reduced
3
German
Aerospace
Center (DLR),
of Atmospheric
Oberpfaffenhofen-Wessling,
model, a concept
that was
first introduced
at the Institute
Science and
TechnologyPhysics,
conference
2013. The performance of
Germany
the method is demonstrated
by comparing the updated climatology and variability of the middle atmosphere with
4
Aerospace
(DLR),isInstitute
AtmosphericthePhysics,
Oberpfaffenhofen-Wessling,
the reanalysis. German
Including
IMS dataCenter
in the GCM
shown toofcompensate
warm bias
compared to observations,
Germany;
Ludwig-Maximilians-Universität
München,Ultimately
Meteorological
Institute
and to reevaluate
the frequency
of sudden stratospheric warmings.
the aim
of thisMunich,
work is to answer
Germany
the questions of
whether, to what extent and at what cost the use of updated atmospheric data, using the IMS
infrasound background
noise and machine learning, helps improve association and localization.
Contact: patrick.hupe@bgr.de

In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1
to 0.5 Hz appear
in overlapping
frequencyinbands
and are considered
as noise.
In this
study,
microbarom
T1.1-P18
Infrasound
Propagation
Multiple-Scale
Random
Media
Using
Surrogate
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
Models
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
1
2 middle atmosphere
This relation strongly
depends
on the
(MA) dynamics; however, vertical temperature and
C. Millet
, A. Goupy
, D. Lucor3
1
wind profiles, provided
by numerical
weather
prediction
(NWP)
models,
have exhibited
significant biases when
Commissariat
à l’énergie
atomique
et aux
énergies
alternatives
(CEA), France
compared with2 Centre
high-resolution
LiDAR etsoundings.
A fully autonomous
forParis-Saclay,
MA temperature
de Mathématiques
Leurs Applications/École
Normale LiDAR
Supérieure,
measurements was
installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
France
3
wind perturbations,
considering
observed biases
deviations,etwere
added todethe
operational
high-resolution
Laboratoire
d'Informatique
pourand
la Mécanique
les Sciences
l'Ingénieur
(LIMSI),CNRS,
atmospheric model
analysis
produced
by
the
European
Centre
for
Medium-Range
Weather
Forecasts.
Such
Orsay, France
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
cmillet@lmd.ens.fr
using the direct Contact:
NWP model
output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained
by
high-resolution
canhighly
thus significantly
the understanding
of the
a
Infrasound propagation in LiDAR
realistic measurements,
environments is
dependent onimprove
the information
to specify
station’s
detection
capability
throughout
a
year;
especially
during
the
hemispheric
summer
seasons.
waveguide parameters. For real-world applications, there is considerable uncertainty regarding this information,

and it is more realistic to consider the wind and temperature profiles as random functions, with associated
probability distribution functions reflecting phenomena that are filtered out in the available data. Even though
the numerical methods currently-in-use allow accurate results for a given atmosphere, high dimensionality of the
212
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the acoustic
field, and
Atmospheric
Boundary
Layer
a Laboratory
for Modeling
Infrasound
some form of sampling reduction is necessary. In this work we use polynomial chaos (gPC)-based metamodels
Propagation
Scattering
in theonto
Atmosphere
to represent the effect
of large-scaleand
atmospheric
variability
the acoustic normal modes. The impact of
1 modelled using1 a perturbative approach
2
small-scale atmospheric
structures
is
of 1the
matrix.
multi- 2
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Vardanyan
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Ayvazyan
1 to estimate the statistical influence of each mode as the frequency varies. An excellent
level approach allows
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
agreement is obtained Federation
with the gPC-based propagation model, with a few realizations of the random process,
when compared with2 the
Monte
Carlo approach,
with its
thousands of realizations. Further, the gPC framework
Barva
Innovation
Center, Talin,
Armenia
allows computing easily the Sobol indices without supplementary cost, which is essential for sensitivity studies.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric

T1.1-P19
Large
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boundary
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(ABL) onRecorded
fluctuationsatofthe
the IMS
parameters
of acoustic
pulses generated with a certain period (1

min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
P. Bittner,
J. Gore,
Applbaum,
Jimenez,
M. Villarroel,
Mialle
thin layers
of the ABL
haveD.been
retrievedA.using
the wave
forms and P.
travel
times of the recorded arrivals of
CTBTO
Preparatory
Commission,
Vienna,
Austria
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar Contact:
to the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
paulina.bittner@ctbto.org
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place
thickness
of the reflecting
layers,
which is the vertical
scale of
Infrasound
is onetheofdimensionless
three waveform
technologies
used bynonhomogeneous
the Comprehensive
Nuclear-Test-Ban
Treaty
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
verification regime. Events detected by infrasound stations of the International Monitoring System (IMS) arevertical
wavelength.
The effect of
suchCentre
inhomogeneities
on the According
temporal fluctuations
the azimuth
andevents
arrivalare
times of
included
in the International
Data
(IDC) bulletins.
to the IDCofanalysis
rules,
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
considered large if they are detected by at least six primary stations. There are only a few infrasound seed events
This
workfulfil
was supported
by RFBR
N 18-55-05002
per year
which
this criterion.
Pure infrasound
events are characterized by a small number of associated

phases, due to sparse network, high winds at recording stations, or unfavourable propagation conditions. The
largest infrasound seed event reported in the Reviewed Event Bulletin (REB), which was detected by 20
infrasound
stations, Climate
was generated
by theThrough
meteor which
fell close
to Chelyabinsk in Russia in 2013. Large
T1.1-O4
Change
the Eyes
of Radioisotopes
seismic events may also generate
infrasound
signals,
which
under
favourable
propagation
conditions may
be
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Hoffman
seen at distant infrasound
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presentation
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examples
of
REB
events
at
many
1
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Nuclear Research Center (SCK•CEN), Mol, Belgium
stations of the IMS infrasound
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CTBTO Preparatory Commission, Vienna, Austria
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1
Contact:
R. De Negri
, R.lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Matoza2
1
University of Chile, Santiago, Chile
2
Cosmogenic
radionuclides
beryllium-7
sodium-22
University
of California,
Santaand
Barbara,
USA are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
Contact:
rsd00@ucsb.edu;rdenegri@dgf.uchile.cl
allows to
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Energetic volcanic eruptions emit exceptional infrasonic signals (frequency below 20 Hz) to the atmosphere,
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
because eruptions have a punctuated duration and its signals can travel up to thousands of kilometers due to their
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
low frequency nature and atmospheric ducting effects. Because of this, IMS stations can be used to locate and
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
characterize the surface activity of volcanoes. Unfortunately, atmospheric effects (e.g., crosswinds) along the
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
raypaths can change the apparent direction of the incoming signals in the IMS stations, which needs to be
forecast.
addressed in a robust and fast manner to make use of infrasonic data in real time. Empirical climatologies and
3D ray tracing can be used with this purpose to have an a priori value of azimuth deviation to improve the source
location (e.g., Matoza et al., 2018). Furthermore, the IMS network can be used to significantly enhance the
T1.1-O5
Detection
IMS look-up
for Bolides
signal-to-noise
ratio (e.g.,
MatozaEfficiency
et al., 2017).of
In the
this work,
tables to estimate atmospheric propagation
effects have been developed with empirical climatologies. Three test cases of VEI 4 eruptions along the ChileP. Brown, N. Gi
Argentina Andean Cordillera have been used: Chaitén in 2008, Puyehue-Cordón Caulle in 2011, and Calbuco in
University of Western Ontario, London, ON, Canada
2015. Our results for the source location improvement are showed and analyzed.
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.1-P22 On the Use of Infrasound Observations from Volcanoes for Improving the
Weather Forecasts
T1.1 Atmospheric Dynamics

Oral

P. Vanderbeken1, J.-F. Mahfouf2, C. Millet1
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
Presentations
Centre National de Recherches Météorologiques (CNRM), Toulouse, France
1
2

Contact: cmillet@lmd.ens.fr

T1.1-O1
Application
Data Assimilation
to Improve
Infrasound waves
are emittedof
byAdvanced
various geophysical
sources such as Techniques
volcanoes, northern
lights and ocean swell.
Atmospheric
Transport
and
Dispersion
Predictions
In many situations, the middle-atmosphere can behave as a waveguide and infrasound can propagate up to

thousands of kilometers. In such cases, infrasound signals can be recorded by stations of the International
N. Heath, A. Suarez-Mullins
Monitoring System (IMS). Reliable simulation-based predictions of acoustical arrivals, however, need a soAir Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
called atmospheric specification, which describes the atmospheric state in terms of temperature, wind fields, and
Contact: nicholas.heath@us.af.mil
other meteorological-related
variables. Such data can be obtained from products that are currently provided by
the operational meteorological centers. The goal of this study is to use ray tracing simulations and observations
Accurate
modeling
is critical
obtaining
atmospheric
transport
and dispersion
(T&D)
made at meteorological
the IMS stations,
in terms
of traceforvelocity
andrealistic
back azimuth,
to select
the atmospheric
states
that
predictions.
There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
results.
explain best the acoustical observations. Here these states are given via ensembles of short-range forecastsTwo
and
common
are nudging
and variational
DA. Traditionally,
nudging
is used of
in T&D,
whereas more
analyses,philosophies
using the global
Numerical
Weather Prediction
(NWP) model
ARPEGE
Météo-France,
and a
sophisticated
variational
techniques
are used
weather
forecasting.
Here,
these two
techniques
are
Bayesian approach
is adopted
for selecting
the in
most
likely members
of the
ensembles.
TheDA
method
is assessed
investigated
in order
to assess
their specific
impacts on
T&D results
and toEtna
determine
the more
using infrasound
signals
associated
with a sequence
of eruptions
of Mount
in Mayif2016,
and advanced
detected atDA
the
techniques
used in weather
can be employed for T&D applications. The two methods are applied in
Tunisian infrasound
stationforecasting
IS48.
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
T1.1-P23Trajectory
Probabilistic
Predictions
andtracer
Uncertainty
Estimation
Using
Adaptively
Integrated
model. Using
the COSTEX
observations,
the correlation,
fractional
bias, figure of
Designed
Ensembles
for
Radiological
Plume
Modeling
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
D. Lucas, M. Simpson, G. Pallotta
guidance for the meteorological community as to which DA techniques provide the most value for T&D
Lawrence Livermore National Laboratory, Livermore, CA, USA
simulations.
Contact: ddlucas@llnl.gov
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Assessing
Atmosphere
Models
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andframework
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Better characterization
of Middle
meteorological
uncertaintyWeather
is needed within
a dispersion
modeling
plausible ranges
of predictions
from radiological
Noise:
A Case Study
for IS26releases to the atmosphere (e.g. nuclear power plant, nuclear

detonation) can be accurately
communicated
to 1decision makers.
Largely for computational
reasons,
atmospheric
1
1
2
2
3
4
P. Hupe
, L. Ceranna
,reduced
C. Pilgerset
, M.
De
Carloconfigurations
, A. Le Pichon
, B.often
, M.fail
Rapp
model ensembles
typically
utilize
a
of
physics
that
to
fully
explore the
1
Federal
Institute for phenomena
Geoscienceskey
and to
Natural
Resources
(BGR),
Hannover,
Germany
uncertainty range
of
atmospheric
dispersion
modeling
processes,
such
as
surface
energy
2
Commissariat
àprecipitation,
l’énergie atomique
et aux énergies
alternatives
(CEA),this
France
exchange, cloud
formation,
and
atmospheric
stability.
To
address
research
need,
we
use
3
German
Aerospace
Centermethods
(DLR), Institute
of Atmospheric
Physics,
machine learning
and adaptive
statistical
to optimize
the ensemble
designOberpfaffenhofen-Wessling,
to capture the key sources of
Germany
meteorological
uncertainty specific to a region, period, and atmospheric release scenario. Without having to run
4
German
Aerospace Center
(DLR),
Institute oflearns
Atmospheric
Physics,
Oberpfaffenhofen-Wessling,
a full ensemble,
this methodology
samples
and iteratively
about the
atmospheric
model physics options
Germany;
Ludwig-Maximilians-Universität
München,
Institute
Munich, variance
that affect plume
predictions.
Statistical methods are used to
quantify Meteorological
the contributions
to the ensemble
Germany and recommend additional model physics configuration to run. This work will develop
in radiological deposition
a computationally
efficient
and statistically robust method to provide probabilistic plume predictions for realContact:
patrick.hupe@bgr.de
time consequence management and expert assessment of airborne radiological material.
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals
were used
as calibration
signals, of
andthe
their
amplitudes
at the of
German
infrasound Pressure
station IS26 were
T1.1-P25
Temporal
Variations
Intensity
Spectra
Atmospheric
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
Fluctuations
Ranges
and Their
Possible
This relation strongly
depends in
on Different
the middle Frequency
atmosphere (MA)
dynamics;
however,
vertical Connection
temperature and
with
Climate
Change
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
S. Kulichkov, G. Bush, I. Chunchuzov, V. Perepelkin, E. Golikova
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
Federation
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties inContact:
horizontalsnik1953@gmail.com
winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
The possibility
of using data
frommeasurements,
the registration
atmospheric
pressure
fluctuations
obtained of
on aa
obtained
by high-resolution
LiDAR
canofthus
significantly
improve
the understanding
microbarograph
network
to
study
the
problem
of
climate
change
is
studied.
The
study
of
atmospheric
pressure
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
fluctuations in the range of periods of infrasonic and internal gravity waves (periods from 10 seconds to 3 hours)
recorded in 2009-2018 at the network of OIAP microbarographs located in the region of Moscow was
conducted. The average distance between microbarographs is about 7 km. Additionally, data on the recording of
214
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Moscow,
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meteorological
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T1.1-O3
Layer
as aobtained
Laboratory
for Modeling
Infrasound
the Hydrometeorological Center of Russia for 50 years (1966-2015), were analyzed. Long series of data on the
in the Atmosphere
temporal variations Propagation
of the intensity and
of theScattering
spectra of atmospheric
pressure fluctuations in different frequency
1 days) were constructed.
1
1 presence of
2
ranges (from 10 seconds
to
several
The
dominant
periods
the time 2
I. Chunchuzov , S. Kulichkov , V. Perepelkin , O. Popov1, A.
Vardanyan
, G.inAyvazyan
1
variation of the intensity
spectra
of
atmospheric
pressure
fluctuations
was
revealed.
Additionally,
the
possibility
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
of the influence of atmospheric
Federationpressure fluctuations on human health and some physiological mechanisms in
animals is discussed.2 Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com
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The Global
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Field:
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of
The experimental
results
of studying
the effect
of a fine-scale
layered
structurethe
of aReprocessing
stably stratified atmospheric
boundarythe
layer
(ABL)
on fluctuations
of the parameters
of acoustic
pulsesData,
generated
with
Full
International
Monitoring
System
Infrasound
Part
1: a certain period (1
min) by Processing
an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the

thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
1
1
2
pulses from
the source.
is shown
the mechanism
of scattering of pulse signals in a stably stratified ABL is
L. Ceranna
, P.ItHupe
, A.that
Le Pichon
1
similar to Federal
the mechanism
of signals
from ground
surface
explosions
by Germany
layered nonhomogeneities
Instituteof
forscattering
Geosciences
and Natural
Resources
(BGR),
Hannover,
of wind 2velocity
and temperature
the stratosphere
and lower
thermosphere.
role of similarity parameter
Commissariat
à l’énergieinatomique
et aux énergies
alternatives
(CEA),The
France
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layerContact:
multiplied
by the relative difference in effective sound velocity and normalized by the vertical
lars.ceranna@bgr.de;lars.ceranna@gmail.com
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
signals
is studied.
estimation
errorcoherent
in localization
of pulsed
sources
is given.
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and its
correlation
atmospheric
A new implementation of the Progressive Multi-Channel
Correlation (PMCC) algorithm enables characterization, with a single processing run, of coherent noise in logspaced frequency with one-third octave bands from 0.01 to 5 Hz. Such a new array processing algorithm enables
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of allChange
received signals
in their
space (e.g. frequency-azimuth space,
T1.1-O4
Climate
Through
the wave
Eyesparameter
of Radioisotopes
frequency trace-velocity space). This, in turn, enables more accurate signal discrimination, and source and
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propagation studies. L.
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the4,entire
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Terzi
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, G.re-processing
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, I. infrasound
T. Hoffmandatabase
1
covering the time period
fromNuclear
April 2005
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whereasMol,
the Belgium
number of stations has increased from
Belgian
Research
Center 2018;
(SCK•CEN),
2
30 to 50. The obtained
resultsPreparatory
clearly indicate
a continuous
spectrum
of coherent signals at IMS stations within
CTBTO
Commission,
Vienna,
Austria
the 0.01 to 5.0 Hz 3frequency
range; especially
when comparing
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results Vienna,
with those
of previous reCentral Institution
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T1.1-P27 The Global
Coherent Infrasound Field: Revisiting the Reprocessing of
Contact:and
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
the Full International Monitoring System Infrasound Data, Part 2: Examples

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
1
1
2
in a lock-in
technique
to effectively
vertical
air masses based on surface measurements. This technique
P. Hupe
, L. Ceranna
, A. Letrace
Pichon
1
allows to Federal
study progression
and
speed of atmospheric
Data show
thatHannover,
the cells are
decelerating during the
Institute for
Geosciences
and Naturalcells.
Resources
(BGR),
Germany
summer 2period
which isàextending
in time. This
is énergies
caused by
warming of(CEA),
the whole
troposphere and increased
Commissariat
l'énergie atomique
et aux
alternatives,
France
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Contact: patrick.hupe@bgr.de
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
atmospheric
cellresults
movement.
Thiscoherent
demonstrates
that 7Be
and 22Na
can infrasound
be used as stations
indicators for
In thisdeceleration
study we areofgoing
to present
of global
infrasound
measured
at IMS
confirming
several
side
effects
of
climate
change
while
providing
a
new
modelling
tool
in
seasonal
weather
and its correlation with atmospheric dynamics. A new implementation of the Progressive Multi-Channel
forecast.
Correlation
(PMCC) algorithm enables the characterization, with a single processing run, of coherent noise in
log-spaced frequency with one-third octave bands from 0.01 to 5 Hz. Such a new array processing algorithm
enables a better characterization of all received signals in their wave parameter space (e.g. frequency–azimuth
space,T1.1-O5
frequency–trace-velocity
This, of
in turn,
enables
accurate signal discrimination, and source
Detection space).
Efficiency
the IMS
formore
Bolides
and propagation studies. We are currently performing a re-processing of the entire previous IMS infrasound
P. time
Brown,
N. Gi
database covering the
period
from April 2005 to November 2018; meanwhile, the number of stations has
University
of
Western
Ontario,
London,
ON,
Canada spectrum of coherent signals at IMS
increased from 30 to 50. The obtained
results
clearly
indicate
a continuous
stations within the 0.01
to 5.0
Hz frequency range. In this part of our study examples of globally detected
Contact:
pbrown@uwo.ca
microbarom sources and hotspots for generating mountain-associated waves are shown, as well as benchmarking
study
we and
examined
eventsInlikethis
volcanic
eruptions
bolides. 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Application of Advanced Data Assimilation Techniques to Improve
Contact: rwax@olemiss.edu
Atmospheric
Transport and Dispersion Predictions

The troposphere is generally thought of as the lowest 15 kilometers of the atmosphere. In the simplest case it is
N. Heath, A. Suarez-Mullins
characterized by a more or less linear decrease in temperature and a relatively thin elevated wind jet called the jet
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
stream. The jet stream is typically centered about 10 kilometers from the ground surface and is mostly eastward
nicholas.heath@us.af.mil
flowing, but Contact:
can vary from
north-eastward to south-eastward. In addition, the troposphere is the region of the
atmosphere that interacts directly with the Earth's surface which can lead to near-ground temperature inversions
Accurate
modeling
is critical
for obtaining
realistic
atmospheric
transport
dispersion complex
(T&D)
over coolmeteorological
ground and low
altitude wind
jets induced
by ground
topography.
What
results isand
a potentially
predictions.
There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
results.
Twoto
and variable environment in which infrasound can propagate efficiently, ensonifying the ground from tens
common
philosophies
are
nudging
and
variational
DA.
Traditionally,
nudging
is
used
in
T&D,
whereas
more
well over a thousand kilometers. Further, at infrasonic frequencies, the acoustic wavelength can be comparable
sophisticated
techniques
are used
in weather
forecasting. causing
Here, these
two DAducts
techniques
are
to the verticalvariational
extent of the
atmospheric
structures
in the troposphere,
the resulting
to be highly
investigated
in order
to assess
on T&D
results and
determine ifducts
the more
dispersive and
leaky
leadingtheir
to specific
compleximpacts
interactions
between
the totropospheric
and advanced
ducts inDA
the
techniques
usedatmosphere.
in weather forecasting
can be employed
forobservations
T&D applications.
The twosignals
methods
are applied
in
middle/upper
In this presentation
numerous
of infrasonic
propagated
in the
the
Weather
Research
and
Forecasting
(WRF)
model
for
the
Colorado
Springs
Tracer
Experiment
(COSTEX).
troposphere will be presented, their features discussed and compared to theoretical predictions.
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
T1.1-P29
Cyclones Activity
in Southwest
Pacific
and Their
Link to of
ENSO
and
merit
in space,Tropical
and Kolmogorov-Smirnov
parameter
are computed
to evaluate
the robustness
the T&D
Sunspot
simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological1 community as1 to which DA 2techniques provide the most value for T&D
Lumban Gaol , H. Salawane , P.A. Winarso
simulations. A.
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The influence of the 1El Nino-Southern
Oscillation (ENSO) and sunspots on tropical cyclone intensity in the
P. Hupe , L. Ceranna1, C. Pilger1, M. De Carlo2, A. Le Pichon2, B. 3, M. Rapp4
Southwest Pacific
is examined. The research is built on work in the study between sunspots, ENSO, and tropical
1
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
cyclone intensity
with different variables using ACE (Accumulated Cyclone Energy) and tropical cyclone
2
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
frequency intensity.
It has found that sunspots determine if a link is present between solar irradiance and tropical
3
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
cyclone. The correlations in sunspot extreme years (maximum and minimum) increased from those over the
Germany
entire cycle, with
minimum years having the highest correlations to tropical cyclone intensity. Regression model
4
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
show that increased sunspots number actually decrease tropical cyclone frequency and ACE. ENSO have also
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
been examined to find the relation between tropical cyclone season and sunspot. The result shows that El Nino
Germany
contribute >30 % of TC frequency. Also, strong El Nino on 2015-2016 and 1996-1997 contribute high tropical
Contact:
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ACE (more than 20 and more than 100x10-4 knot) in Southwest Pacific. Moreover,
sunspot need time lag to effect the La Nina and El Nino phenomena about 2-3 years. Sunspots should be
Inconsidered
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IDC, microbaroms
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frequency
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In
this
study,
microbarom
tropical cyclones.
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
T1.1-P30
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Mobileprediction
Array (I68CI)
Data to
Characterize
Tropical
wind
profiles, provided
by numerical weather
(NWP) models,
have
exhibited significant
biases when
Thunderstorm
over
West
Africa
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
measurements was installed 1at IS26 for estimating
uncertainties
in1 the modelled amplitude. Temperature and
2
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Kouassi , F.observed
Yoroba1biases
, P. Mialle
, A. Diawara
wind perturbations,
and deviations,
were added to the operational high-resolution
1
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Geophysique
Lamto,
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atmospheric model
analysis
produceddeby
the European
Centre for Medium-Range Weather Forecasts. Such
2
CTBTO
Preparatory
Commission,
Vienna,97%
Austria
uncertainties in horizontal winds and temperature explain
of the actual detections, compared to 77% when
using the directContact:
NWP model
output. Incorporating realistic wind and temperature uncertainties in NWP models,
benjamin.kouassi@gmail.com;nanminsi@yahoo.fr
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
Côte d’Ivoire
NDC
in collaboration
deployed
from
January summer
to December
2018, a mobile
station’s
detection
capability
throughout awith
year;CTBTO
especially
during the
hemispheric
seasons.
infrasound array (I68CI) in North-East (Comoe Reserve) of Côte d’Ivoire. This portable array had 5 sensors and
had been sampling at 50Hz. I68CI detected local, regional and distant infrasound sources. In this tropical region,
during monsoon season, the main sources detected by the portable array are thunderstorms. They are moving
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Shortly before
on 2018 April
I68CI detected
infrasound
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Atmospheric
Boundary
Layermidnight,
as a Laboratory
for9, Modeling
Infrasound
from a big thunderstorm. This thunderstorm is located in northern Ghana at 200 km far from the station and with
Propagation
Scattering
the Atmosphere
0.33 km/s as mean speed.
During hisand
displacement,
the in
thunderstorm
divided into two cells with two different
1
1 is a characteristic
2
azimuths, which can I.beChunchuzov
seen on the1,precipitation
satellite
image.
It
of thunderstorm
in this 2
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
predictions.
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were located within the study area and there were 30,462 events with ML >= 2.3, including 7 events with ML >=
In6.0,
routine
processing
of IMS infrasound
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microbaroms
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rangingorfrom
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MayIDC,
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There iswith
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other
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In
this
study,
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pre-seismic patterns. In 2018, the seismicity rate in the ruptured area is still about 5 times higher
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signals
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andEarthquake.
their amplitudes
at the earthquake
German infrasound
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background
seismicity
before the
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largeIS26
Himalayan
modelled
based
on operational
wave
simulations
and a semi-empirical
attenuation
relation.
earthquake
allowing
a detailed ocean
analysis
of itsinteraction
aftershocks
and the associated
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global
This
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dependsbursts
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wind
profiles,
provided
by numerical
weather
prediction
(NWP)
models,
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when
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withstructural
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LiDAR for MA temperature
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complexities
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Thrust
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measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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German
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(DLR), 3Institute
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Oberpfaffenhofen-Wessling,
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- Seisanofsoftware
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Germany
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procedure. We applied the Double Couple method which takes the elastic wave radiation
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German
Center
(DLR),
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Physics,that
Oberpfaffenhofen-Wessling,
from an earthquake
andAerospace
they can be
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two equivalent
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there is a point force which
München,asMeteorological
Munich,
applies exactlyGermany;
to a pointLudwig-Maximilians-Universität
in an elastic medium that is represented
pairs of point Institute
forces, so
the result can be
used to show aGermany
shear faulting. Our solutions were tested numerically and verified in situ, all of them are coherent
with the geology
and stress
system maps for the region, all solutions were presented to Civil Defense Minister to
Contact:
patrick.hupe@bgr.de
contribute to National Hazard Map.
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals
were used
calibrationEarthquake
signals, and their
amplitudes
at the German
infrasoundthe
station
IS26 were
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3D as
Dynamic
Fracture
Simulations
Considering
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modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
Fault Geometry and Heterogeneous Stress States in the Sea of Marmara Y
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
1
wind profiles, provided
by numerical
prediction
(NWP)
models,
have exhibited significant biases when
Y. Korkusuz
Öztürk1weather
, N. Meral
Özel2, A.Ö.
Konca
1
compared with Bogazici
high-resolution
LiDAR
soundings.
University,
Istanbul,
Turkey A fully autonomous LiDAR for MA temperature
2
measurements was
installed
at IS26 for
estimatingVienna,
uncertainties
CTBTO
Preparatory
Commission,
Austriain the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
Contact:
yaseminkrksz@gmail.com
atmospheric model
analysis
produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties
in
horizontal
winds
temperature
97%
of the actual
detections,
compared
to of
77%
when
The main objective the study isand
to determine
3Dexplain
dynamic
earthquake
rupture
scenarios
in the Sea
Marmara,
using
the
direct
NWP
model
output.
Incorporating
realistic
wind
and
temperature
uncertainties
in
NWP
models,
considering non-planar fault geometry and heterogeneous stress structures, since the Marmara region is prone to
obtained
by high-resolution
measurements,
can thusin significantly
the understanding
of aof
a large earthquake
(M>7.0) LiDAR
with its >15
million inhabitants
İstanbul. We improve
adapt creeping
and locked parts
station’s
detection
capability
throughout
a
year;
especially
during
the
hemispheric
summer
seasons.
the segments of the Main Marmara Fault (MMF) via results of recent repeating earthquake and seismicity
studies. We constrain initial shear and normal stresses through recent interseismic strain rates and regional stress
orientations. Additionally, previous rupture extensions are estimated from the investigations related to historical
data and turbidity records. Due the requirement of high computational demand, the most accurate and largest
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values are
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andModeling
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T1.1-O3
Atmospheric
Boundary
Layer
as aforLaboratory
for
geometries. Tetragonal mesh is used in order to increase the sensitivity of the rupture propagation within the
Propagation
Scattering
in therealistic
Atmosphere
generated fault geometry.
As a resultand
of this
study, we obtain
3D dynamic earthquake rupture scenarios
1
1
1
1
2
for the non-planar and
heterogeneous
fault
structure
of
the
Marmara
Sea. Hence,
we consider
what 2
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A Comparative Study on the Tectogenesis of 2015 Mt. Kinabalu Earthquake
The experimental
of studying
effect of a fine-scale
structure
of a stably
stratified atmospheric
of Sabahresults
Malaysia
and the
Tsunamigenic
2018layered
Sulawesi
Indonesia
Earthquake

boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
Khan detonation source are presented. The vertical profiles of wind velocity fluctuations in the
min) byA.A.
an artificial
BSMR
Maritime
University,
Dhaka, Bangladesh
thin layers
of the
ABL have
been retrieved
using the wave forms and travel times of the recorded arrivals of
pulses from
the
source.
It
is
shown
that
the
mechanism
of scattering of pulse signals in a stably stratified ABL is
Contact: khan.aftab13@gmail.com;aftab@du.ac.bd
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
The 2015
Mount
Kinabalu
magnitude
(Mw)
6.0thermosphere.
and focal depth
kmof
located
6.014°N
of wind
velocity
and Earthquake
temperatureofinmoment
the stratosphere
and
lower
The10role
similarity
parameter
116.563°E
the the
Kinabalu
Mountainthickness
of Sabahoflasted
for about nonhomogeneous
30 seconds. This earthquake
occurred
away
here in
place
dimensionless
the reflecting
layers, which
is the well
vertical
scale of
from the
plate boundary
in the
regiondifference
of very lowinhistorical
mainly and
because
of the rupture
of vertical
a
thenearest
layer multiplied
by the
relative
effectiveseismicity
sound velocity
normalized
by the
northwest-dipping
normal
fault
not reach to the
surface.
However,
seismological
and morphotectonic
wavelength. The
effect
of that
suchdid
inhomogeneities
on the
temporal
fluctuations
of the azimuth
and arrival times of
evidences
suggestis that
the The
rupture
occurred
normal
fault that of
splays
upwards
the Acknowledgement:
brittle-plastic
the signals
studied.
estimation
of on
the aerror
in localization
pulsed
sourcesfrom
is given.
transition
the interface
décollement.
Proposed
thermo-tectonic model further suggests slow build-up of strain
Thisinwork
was supported
by RFBR
N 18-55-05002
due to the on-going lower crust melt, delamination and sinking of lower crust, spontaneous instability, and
sudden sub-crustal collapse. The recurrence time of 2015 Kinabalu Earthquake having magnitudes ≥5, ≥6 and ≥7
has been
calculated which
is about
20 years,
150 years,
1300of
years
respectively. On the otherhand, moment
T1.1-O4
Climate
Change
Through
theandEyes
Radioisotopes
magnitude (Mw) 7.5 Sulawesi Earthquake struck north of Palu, Indonesia on September 28, 2018 that ruptured
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Tectonic 5mechanism
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Cosmogenic
radionuclides
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Contact:
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in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
In general,
of focal and
mechanism
for individual
a sparse
network
is the
allowsdetermination
to study progression
speed ofsolutions
atmospheric
cells. Dataevents
show with
that the
cells recording
are decelerating
during
difficult
due to period
low S/N
and poor
azimuthal
areas with
frequently
to medium-size
summer
which
is extending
in coverage.
time. ThisFor
is caused
by warming
of repeating
the wholesmall
troposphere
and increased
seismictropopause
events, composite
focal
mechanisms
are constructed
by superimposing
from high-pressure
events that rupturing
height due
to rising
CO2 concentrations.
Aestival
episodes of data
persistent
systems over
the same
faultwith
segment
and have
similar that
or identical
source
mechanisms
(Lee et al.,
In this
a
Europe
low pressure
gradients
led to almost
stationary
thunderstorms
are 2014).
correlated
withstudy
the observed
computer
code is developed
which cell
is used
in the process
of determining
to for
deceleration
of atmospheric
movement.
This demonstrates
thatcomposite
7Be and focal
22Namechanism
can be usedsolutions
as indicators
objectively
sort earthquakes
sets of
in which
P-wave
first-motion
are modelling
compatible.tool
A comparison
is
confirming
several sideinto
effects
climatethe
change
while
providingdata
a new
in seasonal weather
made between
forecast. the observed first-motion data from a sequence of aftershocks in the rupture zone and surrounding
areas in southern Iran to each of the 2^n mathematically possible patterns for the recording network of n stations.
The comparison results in two parameters being assigned to each of the patterns: (1) the number of earthquakes
which T1.1-O5
have first motions
compatible
with theofpattern;
(2) for
the Bolides
number of actual first-motion data for those
Detection
Efficiency
the IMS
earthquakes. Generally, one finds only a few patterns with high parameter values (Billington, 1982) and these
few patterns are physically
possible;
P. Brown,
N. Gii.e., they are compatible with double-couple focal mechanism solutions.
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A Three-Dimensional Crustal Velocity Model of the Javakheti Highland
In thisfrom
study
we Earthquake
examined 344
bolides (airbursts) reported on the JPL CNEOS website
Local
Tomography

(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections.
We found 206
of these bolides
were detectable
by at least
one infrasound station while only 42 were
E. Sahakyan,
L. Sargsyan,
H. Babayan,
M. Gevorgyan,
H. Igityan
automatically
registered
as partSciences,
of the Reviewed
Bulletin
(REB) issued daily by CTBTO. However, this
Institute
of Geological
NAS RA, Event
Yerevan,
Armenia
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Contact: elya.sahakyan@gmail.com
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, of
while
are detectable
or more
infrasound
stations.
All and
airbursts
with energy > 2
The objectives
thismore
studythan
are 90%
to determine
P andatSone
wave
velocity
model in
the crust
to characterize
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REBofis only
seismic wave propagation in the Javakheti Highland and surrounding areas, including north-western part
complete
above
15
kT
with
the
automated
detection
system
not
having
reported
at
least
four
airbursts
Armenia. The 3D crustal velocity model is constructed using the local seismic events recorded by seismic with

21

3

Theme1:1:The
TheEarth
Earthasasa aComplex
ComplexSystem
System
Theme
stations from newly established Armenian network. Above mentioned stations are installed due to the
cooperation between the Institute of Geological Sciences (IGS) of NAS RA and the Institute of Earth Sciences,
T1.1 Atmospheric
Dynamics
Academia Sinica and cooperation between the IGS and the Department
of energy of the USA.
The broadband
and near broadband (Guralp-6TD, 3T, STS2) seismometers are installed in the seismic stations. Additional
information
from the surrounding stations was also extracted from the database of IRIS (Washington,
Oral
Presentations
http://ds.iris.edu/ds/). In the past several years the number of high quality seismic stations has increased because
of new and expanded networks in Armenia and Georgia. This provides high-quality P and S wave travel-time
data. The upgraded 3-D velocity structure from this study will significantly improve event location accuracy in
T1.1-O1
Application
of Advanced
Data
Assimilation
Techniques
to Improve
the region. Tomographic
results
show a velocity
structure
up to Moho
depth and evidence
of anomaly zones in
the territory of
the study area. Transport and Dispersion Predictions
Atmospheric
N. Heath, A. Suarez-Mullins
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA

T1.2-P124 SALSA3D Software Tools for Model Interrogation, Event Location and
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Travel-Time
Accurate meteorological
modeling
is1,critical
for obtaining
atmospheric
transport
and
1
2
1
1
3 dispersion (T&D)
N. Downey
, R. Tibi
S. Ballard
, J. Hipprealistic
, A. Encarnacao
, M.
Begnaud
predictions. There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
results. Two
1
Sandia National Laboratories, Albuquerque, NM, USA
common philosophies
are
nudging
and
variational
DA.
Traditionally,
nudging
is
used
in
T&D,
whereas
more
2
(Retired) Sandia National Laboratories, Albuquerque, NM, USA
sophisticated variational
techniques
are
used
in
weather
forecasting.
Here,
these
two
DA
techniques
are
3
Los Alamos National Laboratories, Los Alamos, NM, USA
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
rtibi@sandia.gov;rigobert.tibi@yahoo.com
techniques usedContact:
in weather
forecasting can be employed for T&D applications. The two methods are applied in
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
The development of the SALSA3D (SAndia LoS Alamos 3D) tomographic velocity models has made available
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
to the monitoring and seismological communities a 3D velocity model useful for event location and uncertainty
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
estimation. We discuss the research products that have resulted from this effort, including the models
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
themselves, model uncertainties, a set of 2D and 3D travel time tables and an associated software suite. Included
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
in the software is a single-event locator (LocOO3d) that can use a variety of velocity models, including the
simulations and identify which DA technique provides the most realistic results. Overall this study provides
SALSA3D models, either alone or in combination to provide location and location uncertainties. A second
guidance for the meteorological community as to which DA techniques provide the most value for T&D
program, pCalc is capable of computing travel-time estimates through the SALSA3D models for a rich set of
simulations.
seismic phases and is also compatible with several community velocity models. These two software packages,
along with the previously-released model representation framework (GeoTESS) provides a suite of tools for
working with the SALSA3D models that will be useful to monitoring agencies and academic institutions
T1.1-O2
Assessing
Middle
Atmosphere Weather Models Using Lidar and Ambient
throughout the
seismological
community.

Noise: A Case Study for IS26
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The African Geodetic Reference Frame (AFREF) is conceived as a unified geodetic reference frame for Africa.
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
It will be the fundamental basis for the national three-dimensional reference networks fully consistent with
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
ITRF. When fully implemented, its backbone will consist of a network of continuous, permanent GPS stations
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
such that a user anywhere in Africa would have free access to such stations. Full implementation will include a
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
unified vertical datum and support for efforts to establish a precise African geoid. AFREF has vast potentials for
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
geodynamics, geodesy, mapping, surveying, geoinformation, earthquakes, natural hazards mitigation, earth
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
sciences, etc. AFREF is, therefore, an African initiative to unify the geodetic reference frames of Africa based on
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
the ITRF through a network of GNSS base stations at a spacing within ~1000 km between station. First
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
Reference Frame Solution of about 80 GPS stations has been started in February 2014 at some processing
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
centers in Europe and Africa. Results of independent solutions by various African scientific teams: Hart RAO,
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
South Africa, Ardhi University, Tanzania and SEGAL, University of Beria Interior, Portugal, show an accuracy
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
of aligned ITRF 2008 using 42 IGS stations in E and N components with 3.0 mm and in U component 7.5 mm.
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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Palu, Sigi
Donggalaresults
areas were
devastated
by a large
earthquake
on Friday
September
28, 2018
at 10:
02:
The and
experimental
of studying
the effect
of a fine-scale
layered
structure
of a stably
stratified
atmospheric
43,674boundary
UTC. Information
by Indonesian
Agency for
and a Geophysics
layer (ABL)released
on fluctuations
of the parameters
of Meteorology,
acoustic pulsesClimatology
generated with
certain period (1
(BMKG)
strengthdetonation
of the earthquake
at magnitude
a depth
of 10ofkm,
epicenter
coordinates in the
min)shows
by anthe
artificial
source are
presented. 7.4
Thewith
vertical
profiles
wind
velocityatfluctuations
of 0.22thin
S and
119.85
E.
This
earthquake
is
based
on
focal
mechanism
data
is
a
strike-slip
fault.
The
strength
of
layers of the ABL have been retrieved using the wave forms and travel times of the recorded
arrivals
of
the earthquake
triggered
an
underwater
landslide
which
generated
a
tsunami
up
to
11.31
meters
and
inundation
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
468.8 similar
meters. toThe
of the
earthquake
scalefrom
III-VIII
MMI
has resulted
in massive
liquefaction
in
the intensity
mechanism
of scattering
of on
signals
ground
surface
explosions
by layered
nonhomogeneities
severalofplaces,
among
them
Balaroa,
Petobo
and
Sidera-Jono
Oge.
Field
measurements
were
conducted
at
350
wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
points here
throughout
at the
Palu area tothickness
determineofrock
and sediment thickness.
the Palu
place the
dimensionless
the conditions
reflecting nonhomogeneous
layers, Morphology
which is theofvertical
scale of
area and
surroundings
in the
the form
of plains
where
cover of
sediment
layerand
is generally
in by
sediment
the its
layer
multipliedisby
relative
difference
in the
effective
sound
velocity
normalized
the vertical
quarterwavelength.
consisting of
sediment.on
Data
sediment
thickness
some
points
Thefluviatile
effect ofand
suchalluvium
inhomogeneities
the analysis
temporalshows
fluctuations
of the
azimuthatand
arrival
times of
even reaching
more
than 600The
meters.
The results
the research
in the Palu
area showed
of
the signals
is studied.
estimation
of theoferror
in localization
of pulsed
sourcesa ispositive
given. correlation
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The paper is devoted4 to
study
of active tectonics
of the Tien Shan and Dzungaria - the area of interaction of
TUthe
Wien
Atominstitut,
Vienna, Austria
5
the two largest lithospheric
plates:
Indo-Australian
Eurasian.Life
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fact that its
University
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study can provide materials
for answering
some
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of the Ottawa,
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theory
of tectonics of lithospheric
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plates, among which the problem of intra-continental mountain building. Indeed, the newest orogeny of these
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major structures develops at a distance of more than 2000 km from the direct interaction of these plates, which
began Cosmogenic
about 55 million
years ago.beryllium-7
This distinguishes
it from the
that exists intracers
the subduction
zones
radionuclides
and sodium-22
aresituation
known atmospheric
and can be
usedand
together
the situation
in
typical
conflict
zones,
where
one
continent
sinks
under
the
other
along
the
main
thrust.
Despite
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
the detailed
of the
Tien Shanand
andspeed
Dzungaria,
many questions
of itsshow
modern
unlighted
allowsstudy
to study
progression
of atmospheric
cells. Data
thatgeodynamics
the cells are remain
decelerating
during the
or poorly
illuminated.
Amongisthem:
what in
is the
distribution
of current
stresses of
within
the orogenic
belt? and
Are increased
the
summer
period which
extending
time.
This is caused
by warming
the whole
troposphere
main stresses
within
the marginal
partsCO2
of the
orogenus concentrated
or evenlyofdistributed
the belt?systems
What over
tropopause
height
due to rising
concentrations.
Aestival episodes
persistent within
high-pressure
is the slip
rate with
of Late
tectonic displacements
in the
zones ofthunderstorms
active faults? are correlated with the observed
Europe
lowQuaternary
pressure gradients
that led to almost
stationary
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.An Improved Velocity Model for Routine Hypocenter Location in Central
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Brazil Inis located
in the stable
continental 344
interiorbolides
of South(airbursts)
American reported
plate. The on
seismicity
distribution
is not
this study
we examined
the JPL
CNEOS
website
uniform
and in general it is characterized by between
low seismicity
(M<3.5).
the last century
occurred
only with
two dozen
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
andIn attempt
to correlate
these
infrasound
eventsdetections.
of magnitudes
above 206
5, two
of which
withwere
magnitudes
larger
Theinfrasound
Brazilian Seismic
Catalog
was
We found
of these
bolides
detectable
by atthan
least6.one
station while
only
42 were
initially
compiled byregistered
Berrocal as
et part
al. (1984)
it is maintained
by a pool
of issued
institutions
IAG-USP,
automatically
of the and
Reviewed
Event Bulletin
(REB)
daily SIS-UnB,
by CTBTO.
However, this
UFRN,global
CPRM
anddetection
ON. The rate
catalog
is veryaveraged
heterogeneous
and the location
some events
unknown.
REB
of ~10%
from 2007-2018
is less quality
than thefor"modern"
rate is
(from
2014-2018)
A better
and approaches
more uniform
monitoring
after thedesign
establishment
thefind
Brazilian
Seismograph
which
20%.
Above thestarted
1 kT CTBTO
threshold,ofwe
that 40%
of airburstsNetwork,
are reported in
after 2014,
the detection
threshold
in the
region
dropped
from
M4.5 to stations.
M3.5. InAll
thisairbursts
study, we
propose
the REB,
while more
than 90%
areAmazon
detectable
at one
or more
infrasound
with
energy > 2
a new kT
1D reported
velocity model
centralsite
Brazil.
catalog,
have selected
77 well-locable
events
with ais only
on the for
JPLthefireball
sinceFrom
2007thehave
beenwe
detected
infrasonically.
However,
the REB
total ofcomplete
812-P wave
57 stations.detection
A seriessystem
of coupled
hypocenter-velocity-model
non-linear
aboveobservations
15 kT withfrom
the automated
not having
reported at least four
airbursts with
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inversions were performed with the code VELEST searching the model space for best performing results. While,
previously the seismicity exclusively was located at very shallow depth, with the new model we do find evidence
T1.1 Atmospheric Dynamics
for some hypocenters located down to 20km depth.
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T1.2-P11 Analysis of Time Domain Airborne Electromagnetic (TDEM) Data for
Evaluating Gold Mineralization Potential of Ilesha Schist Belt, Southwestern
Nigeria
T1.1-O1 Application
of Advanced Data Assimilation Techniques to Improve
Atmospheric
Transport and Dispersion Predictions
1
O. Osinowo , O. Fashola1, A. Bisallah2, U. O. Madu2
1

University
Ibadan, Ibadan, Nigeria
N.
Heath, A. of
Suarez-Mullins
2
Nigeria
Atomic
Energy
Commission,
Nigeria
Air Force Technical
Applications
CenterAbuja,
(AFTAC),
Patrick Air Force Base, FL, USA
Contact:
wale.osinowo@mail.ui.edu.ng;olawale.osinowo13@alumni.imperial.ac.uk;
Contact: nicholas.heath@us.af.mil
waleosinowo@gmail.com
Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
The analysisThere
of filtered
and enhanced
Time Domain
Electromagnetic
(TDEM)
data acquired
over Ilesha
predictions.
are several
data assimilation
(DA)airborne
techniques
used to improve
meteorological
results.
Two
Schist
Belt
in
southwestern
Nigeria
with
the
desire
to
characterize
the
subsurface
in
terms
of
rock
distribution
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
and structuralvariational
frameworktechniques
for the purpose
of evaluating
the forecasting.
gold mineralization
potential
the techniques
region, indicate
sophisticated
are used
in weather
Here, these
two ofDA
are
high amplitude
conductive
subsurface
(60,000
– 120,000
mS/m)
in and
the to
western
part if
ofthe
themore
studyadvanced
area which
investigated
in order
to assess
their specific
impacts
on T&D
results
determine
DAis
underlain by
amphibolites,
amphibolites
and schist
with pegmatites,
while medium
to low
techniques
used
in weather forecasting
canschist,
be employed
for inter-layered
T&D applications.
The two methods
are applied
in
amplitude
signatures
were(WRF)
recorded
east of
area where
porphyritic
granites, granite
gneiss,
the
Weatherconductivity
Research and
Forecasting
model
forthe
thestudy
Colorado
Springs
Tracer Experiment
(COSTEX).
migmatites,
granulites
and quartzites
are the against
dominant
rocks. measurements
Structural analysis
of the enhanced
data
First,
WRF results
are verified
and validated
available
of temperature,
wind TDEM
speed, and
amplified
salient
subsurface
pattern
that
defined
the
mineralized
regional
and
local
structural
features
hosting
the
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
gold
deposits.
Major
conductive
(>
2000
mS/m)
linear
structure
which
trends
NE
SW
and
traversed
the
study
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
area, in
dividing
intoKolmogorov-Smirnov
two, coincides with parameter
the Ifewaraare- computed
Iwaraja fault
system. Other
linear andofcurve-linear
merit
space, itand
to evaluate
the robustness
the T&D
conductive
features
which
also
trend
NE-SW,
NNE
SSW,
NNW
SSE
established
the
simulations and identify which DA technique provides the most realistic results. Overall structural
this studyframework
provides
that controlled
andcommunity
hosting of the
deposits.
guidance
for themineralization
meteorological
as gold
to which
DA techniques provide the most value for T&D
simulations.

T1.2-P12 Analysis of Unusual Seismic Events in Northwestern Madagascar Y
T1.1-O2 Assessing
Middle Atmosphere Weather Models Using Lidar and Ambient
A.J. Andriamampandry, T. Rakotoarisoa, R. Andrianasolo
Noise:
A
Case
Study for
IS26
Institute and Observatory
of Geophysics
of Antananarivo (IOGA), Madagascar
jaopandry@gmail.com;jaonandriamampandry@gmail.com
P.Contact:
Hupe1, L.
Ceranna1, C. Pilger1, M. De Carlo2, A. Le Pichon2, B. 3, M. Rapp4
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
On the 15th 2ofCommissariat
May 2018, an
unusual atomique
seismic event
magnitude
5.9 has(CEA),
been detected
à l’énergie
et auxof
énergies
alternatives
France in North-West of
Madagascar. 3Following
that
event,
thousands
of
earthquakes
were
detected
from
that
zone. By combination of
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
data recorded from
the
local
seismic
network
and
the
seismic
stations
of
the
International
Monitoring System,
Germany
4
the NDC Madagascar
have
an
inventory
of
more
than
fifty
seismic
signal
per
day
from
that
same zone. Seismic
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
data analysis and
focal
mechanism
study
has
been
performed
in
this
study
to
explain
the
source of those
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
triggering events.
Analysis showed that most of those earthquakes are generally located between 11.8373°S to
Germany
14.1798°S in latitudes and 44.4773E to 46.7782E in longitudes and has 10 to 35km in depth. Moreover, on 11th
Contact:
patrick.hupe@bgr.de
November, another
earthquake
of 5.7 in magnitudes has been detected. Following that day, an extension of
North-West to South-West of those earthquakes has been remarked. In addition, the focal mechanism analysis
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
shows that 58% of the event are generated from slip faults, 39% are from normal fault and 3% are from reverse
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
fault. The two main events are from slip fault. In this study we interpret those events as originated from a magma
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
shift under the seabed.
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
T1.2-P13withAre
We Able toLiDAR
Detect soundings.
Viscoelastic
Inconsistencies
the Earth?
compared
high-resolution
A fully
autonomous in
LiDAR
for MA temperature
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
M. Bednarik,
I. Kohút
wind perturbations,
considering
observed biases and deviations, were added to the operational high-resolution
Earth
Science
Institute,
Sciences,
Slovakia
atmospheric model analysis produced Slovak
by theAcademy
Europeanof Centre
forBratislava,
Medium-Range
Weather Forecasts. Such
uncertainties inContact:
horizontalgeofmabe@savba.sk;baratrekinmind@gmail.com
winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
The frequency
responses of loss
moduli
of a linear viscoelastic
or anelastic continuum
shall
be consistentofwith
obtained
by high-resolution
LiDAR
measurements,
can thus significantly
improve the
understanding
a
the
frequency
responses
of
the
respective
storage
moduli.
The
same
applies
to
quality
factors and the
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
corresponding seismic wave velocities. Our recent reprocessing of earlier laboratory viscoelastic experiments on
basaltic lavas shows a general tendency to ideal consistency of the viscoelastic shear modulus with increasing
temperature under the atmospheric pressure. Nevertheless, in some samples at some temperatures, we
1
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encountered
truly large
inconsistencies
in terms Layer
of the as
ratios
of relaxation for
timeModeling
spectra. ToInfrasound
identify the
T1.1-O3
Atmospheric
Boundary
a Laboratory
mechanisms leading to such behaviour, more laboratory experiments are needed. The role of pressure shall also
Propagation and Scattering in the Atmosphere
be examined. In parallel, the seismotomographic experiments searching for viscoelastic inconsistencies within
1
1 inconsistency spots
the Earth are worth toI. be
considered1and
their feasibility
If 1there
are any
Chunchuzov
, S. Kulichkov
, V. assessed.
Perepelkin
, O. Popov
, A. Vardanyan2, G. prominent
Ayvazyan2
1
enough to be detected
by
seismic
tomography,
it
would
be
interesting
to
see
whether
they
coincide
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow,with
Russian
tectonically active zones.
Federation
2
Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com

T1.2-P14 Armenian Seismic Network and Earthquake Catalogue

The experimental results
of studying
the effect of 3a fine-scale layered structure of a stably stratified atmospheric
1
S. layer
Margaryan
,on
Y.fluctuations
Cano2, A. Arakelyan
boundary
(ABL)
of the parameters of acoustic pulses generated with a certain period (1
1
Armenian
Survey
for are
Seismic
Protection,
Yerevan,profiles
Armenia
min) by2 an
artificialRegional
detonation
source
presented.
The vertical
of wind velocity fluctuations in the
Commissariat
à
l’énergie
atomique
et
aux
énergies
alternatives
(CEA),times
France
thin layers
of
the
ABL
have
been
retrieved
using
the
wave
forms
and
travel
of the recorded arrivals of
3
Armenian
Association
of
Seismology
and
Physics
of
the
Earth's
Interior,
Yerevan,
Armenia
pulses from the source. It is shown that the mechanism of scattering of pulse signals
in a stably
stratified ABL is
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
Contact:
msos78@hotmail.com;sos.seismo@gmail.com
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Seismic
networks
are dimensionless
source of valuable
data for
seismological
research. Since 2010
in cooperation
with
French
here
place the
thickness
of the
reflecting nonhomogeneous
layers,
which is the
vertical
scale of
CEA/DASE
broadband
seismic
network
in Armenia
hasinbeen
upgraded.
Among
various
in seismological
the layer
multiplied
by the
relative
difference
effective
sound
velocity
and tasks
normalized
by the vertical
research,
modern network
allows
to improve
the quality
catalogue.
The seismicity
of Armenian
Upland
wavelength.
The effect
of such
inhomogeneities
on of
thethe
temporal
fluctuations
of the azimuth
and arrival
times of
relatesthe
to signals
the Arabian-Eurasian
collision,
whichinislocalization
characterized
by diffusive
of shallow
is studied. The plates’
estimation
of the error
of pulsed
sourcesdistribution
is given. Acknowledgement:
earthquakes
of various
magnitudes.
The strong
shallow earthquakes are expressed by well pronounced active
This work
was supported
by RFBR
N 18-55-05002
surface faulting. Comparison of seismicity of Armenia and the Caucasus with tectonic setting shows that all the
strong earthquakes are associated with the active blocks, their edges and junctions. The analysis of the focal
mechanisms of earthquakes with various magnitudes shows the presence of all fault types in Armenia: strikeT1.1-O4 Climate Change Through the Eyes of Radioisotopes
slip, normal, reverse, thrust, oblique, normal faulting with various components, and with prevailing strike-slip
3
5
6
faulting. The combinations
of1,exposure
depend2,on
relatively
blocks’ movements.
The quality
of
L. Terzi
M. Kalinowski
G.the
Wotawa
, P.neighboring
Saey4, M. Schoeppner
, I. T. Hoffman
1
the Armenian National
Catalogue
discussed
and (SCK•CEN),
the representativeness
Belgian
NuclearisResearch
Center
Mol, Belgiumis described. A unified and
2
homogeneous earthquake
catalog
is a baseCommission,
for analysis—determination
CTBTO
Preparatory
Vienna, Austria of catalogue completeness, recurrence
and activity rates etc.,3 Central
which are
the key input
parameters for
seismic
hazard
assessment.
Institution
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Vienna,
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University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health
Canada, Radiation
Protection
Bureau,
Ottawa,
ON, Canada
T1.2-P15 Changes
of Seismic
Structure
Beneath
Jailolo
Region
During June-July 2017

Inferred
from
P-Wave Tomography
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

B.M.radionuclides
Tri Fristiyanberyllium-7
Nanda, N. Heryandoko,
Kamaruddin
Cosmogenic
and sodium-22B.are
known atmospheric tracers and can be used together
Indonesian
Agency
for
Meteorology,
Climatology
and Geophysics
(BMKG),
National
in a lock-in technique to effectively trace vertical air masses
based on surface
measurements.
This technique
Seismological
Center,
Jakarta,
Indonesia
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summerContact:
period which
is extending in time. This is caused by warming of the whole troposphere and increased
bayu.merdeka@bmkg.go.id;merdekabayu06@gmail.com
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
low
pressureswarm
gradients
that ledintoJailolo
almostregion,
stationary
thunderstorms
are correlated
with
the observed
At theEurope
end of with
2015,
a seismic
occurred
West
Halmahera, Indonesia.
GFZ
Germany
deceleration
of atmospheric
movement.
This activities
demonstrates
that 7Be
and 22Naacan
be usednetwork
as indicators
collaborated
with BMKG
Indonesiacell
to monitor
seismic
in Jailolo
by installing
temporary
of for
confirming
several
effects of
while
providingtomographic
a new modelling
toolbeneath
in seasonal
weather
35 seismic
stations.
Here side
we present
theclimate
results change
of a local
earthquake
inversion
Jailolo
regionforecast.
corresponding to two time periods, June and July 2017. About 6,000 P-wave phases from 567 events were
used to invert for the 3-D P‐velocity structure of the crust beneath Jailolo region. The calculations were based on
tomographic inversion of P arrival time data using the local earthquake tomography code LOTOS. We
performed
a thorough
analysis ofEfficiency
the results of
in the
eachIMS
of thefor
time
periods and compared them. The resulting
T1.1-O5
Detection
Bolides
tomographic images shows differences for each period. The June period shows low P-velocity anomalies for
depths of 4-14 km with
anomalyN.values
P. Brown,
Gi up to -6%. However in the July period the anomalies have lower values
than the June period,University
P-velocityof
anomalies
up to
-1.5% ON,
in 7-10
km depth. Low P-velocity anomalies can be
Western value
Ontario,
London,
Canada
associated with high content of fluids and partial melts or magma reservoir within the crust beneath longContact: pbrown@uwo.ca
dormant Jailolo volcano. This magmatic activities are assumed as a source of seismic swarm activities in Jailolo
region.In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
25
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T1.2-P16 Clustering Geometry of Aftershocks in Earthquakes

T1.1 Atmospheric Dynamics
M. Allameh Zadeh
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran

Contact: dibaparima@yahoo.com
Oral Presentations
A simple model for controlling stick-slip friction and implications for effects of tides on earthquakes irregular
stick-slip friction of slowly sheared rocks, or granular materials is affected by small applied oscillatory stresses.
T1.1-O1
Application
of Advanced
Data
Assimilation
Techniques
to Improve
Neural Networks
(NNs) Modeling
such systems
is important
(1) to predict
and control
the timing of large slips
Atmospheric
Transport
Dispersion
Predictions
during friction,
and (2) to resolve
whether orand
not lab
experiments
can predict analogous effects of tides on large
earthquakes. Recent experiments, contradict traditional friction models and the connection of lab-experiments to
Heath, A. Suarez-Mullins
earthquakes isN.controversial.
Here we present a simple model that predicts (I) observed experimental results, (II)
Air
Force
Technical
Applications
(AFTAC),
Air Force Base, than
FL, USA
new ways to control
stick-slip
motion,
(III) theCenter
need for
higher Patrick
oscillation-frequencies
previously used in
experiments to
mimic nicholas.heath@us.af.mil
the effect of tides on large earthquakes, and (IV) the need for ten-thousands of large
Contact:
earthquakes by NNs simulation to observe significant correlations with tidal or seasonal stress variations(while
Accurate
meteorological
critical
for obtaining
atmospheric
transport and
dispersionabout
(T&D)
lab experiments
require modeling
only a fewislarge
slips).
Our resultsrealistic
thus resolve
the long-standing
controversy
the
predictions.
are severaltodata
assimilation
(DA) techniques used to improve meteorological results. Two
applicabilityThere
of experiments
earthquake
observations.
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
T1.2-P17 Comoro-Islands, Source of May-June 2018 Earthquake Swarm in the East of
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
Mayotte-Island
the Weather Research
and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
M. Madi
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
Centre National de Documentation et de Recherche Scientifique (CNDRS), Comoros
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
mamamnam44@gmail.com
merit in space,Contact:
and Kolmogorov-Smirnov
parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
Comoro-Islands
infrequent
earthquake
on May
10, 2018
Junevalue
30, 2018
in the
guidance
for the experienced
meteorological
community
as to swarm
which that
DA started
techniques
provide
the to
most
for T&D
east
of
Mayotte,
the
oldest
volcanic
island.
From
this
sequence,
roughly122
events
in
the
range
of
3.5-5
mb
simulations.
Magnitudes recorded by CTBT-IMS have been identified to evaluate the seismic patterns, as well as additional
international catalogues (USGS). This East-African region is known active with multiple sources including an
evolving crust. Our research includes two main aspects: - The spatiotemporal patterns of the subsequent
T1.1-O2
Assessing
Middle
Atmosphere
Weather
Models
Using Lidar
and Ambient
earthquakes after
we assess
the Comoro
seismicity within
the Region,
considering
the July-October
events. For
Noise:
A
Case
Study
for
IS26
these temporal characteristics, we use Scordilis empirical global relations to convert the original IMS-mbMagnitudes to Moment
Magnitudes-Mw≥4
in 1order to obey the
mainshock-aftershocks
Omori’s
illustration. 1
2
2
4
Hupe1, before
L. Ceranna
, C. the
Pilger
De Carlo
, A. Le Pichon
, B. 3, noticing
M. RappMayotte-island
The volcanic1P.patterns
and after
last, M.
eruptions
in Gde-Comoro
Island,
by
Federal
Institute
for Geosciences
and NaturalasResources
(BGR),
Hannover,
Germany
3.65±0.1 million
years
roughly
dated,
has
been
considered
an
extinct
volcanism.
Results
showed
Mainshock2
Commissariat
à l’énergieaatomique
aux énergiesAdditionally
alternatives to
(CEA),
France findings with the
aftershocks study
was not elucidating
fault slipetmechanism.
our volcanic
3
German
Aerospace
Center
(DLR),
Institute
of
Atmospheric
Physics,
Oberpfaffenhofen-Wessling,
likelihood estimates from (BRGM) data, and, the absence of other factors such as the presence of an iceberg in
Germany
the region, we4 suggest
that magma may have drained from a volcanic chamber under the seafloor.
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
Germany

T1.2-P18 Comparison of Mainshock and Aftershock Energy Release (Case Study:
Contact: patrick.hupe@bgr.de
Earthquake in Sumatera and Java Subduction)

In routine processing of IMS infrasound
data at the IDC, microbaroms with dominant frequencies ranging from
A. Simanjuntak1, I. Nurdin2, S. Usman3, M. Umar2
0.1 to 0.5 Hz appear
in
overlapping
frequency
bands and are considered as noise. In this study, microbarom
1
Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG), National
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
Seismological Center, Jakarta, Indonesia
modelled based2 on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
Tsunami and Disaster Mitigation Research Center (TDMRC), Syiah Kuala University, Bandah
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
Aceh, Indonesia
wind profiles, provided
by numerical weather prediction (NWP) models, have exhibited significant biases when
3
University of Syiah Kuala, Banda Aceh, Indonesia
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
Contact:
andreansimanjuntak@gmail.com
measurements was
installed
at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
We calculated
someanalysis
devastating
earthquake
energies
for events
in subduction
zoneForecasts.
and followed
by
atmospheric
model
produced
by the
European
Centrethat
foroccurred
Medium-Range
Weather
Such
aftershocks.
We
compared
the
amount
of
energy
released
between
mainshock
and
aftershock
with
the
empirical
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
formula
from the
GutenbergRichter
relation. Historical
data with
three months
aftershocksinafter
major
using
the direct
NWP
model output.
Incorporating
realistic wind
and temperature
uncertainties
NWPfive
models,
earthquakes
(Bengkulu,
Pangandaran,
Simeulue,
West
Sumatra,
and
Tasikmalaya)
were
obtained
from
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of the
a
International
Seismological
Center. From
analysis
and energy
calculations
of earthquake
station’s
detection
capability throughout
a year;
especially
during
the hemispheric
summer aftershocks
seasons. from major
earthquakes with a magnitude larger than 5.0, energy aftershocks ranging from 0.1% to 33%, with a random
pattern. By comparing the energy aftershocks of earthquakes, the results are generally 10%, it is estimated that
the earthquake with strike-slip mechanism having earthquake aftershocks with total energy less than 10%. The
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earthquakes
which have
aftershocks and
thrust mechanism
a total energyfor
more
than 10%.Infrasound
By obtaining
T1.1-O3
Atmospheric
Boundary
Layer asmake
a Laboratory
Modeling
these comparisons, this research is based on scientific studies can be used as a reference to providing information
Propagation and Scattering in the Atmosphere
on the possible impact of an occurrence of the earthquake and its aftershocks.
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
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for Seismic

Contact: igor.chunchuzov@gmail.com
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The experimental
results
of studying
the effect
of aMorocco
fine-scale layered structure of a stably stratified atmospheric
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acoustic pulses
generated
a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Contact:
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ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Three different techniques will be used to investigate the composition of crust and Moho characteristics beneath
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
the northern African region, including Egypt, Libya, Tunisia, Algeria, and Morocco. These methods are the
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
receiver function (RFs), the joint inversion of RFs and surface wave dispersion (SWD), and seismic tomography.
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
The RFs results will give us the crustal thicknesses (Moho depths) and the composition of the crust beneath each
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
country region. While, by using the joint inversion and seismic tomography, the shear wave velocity model and
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the characteristics of Moho discontinuity, (sharp or gradational) beneath each country will be obtained. In fact
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
the depth of Moho is an important parameter to characterize the overall structure of a crust and can often be
This work was supported by RFBR N 18-55-05002
related to the geologic and tectonic evolution of the region. Its lateral variation has strong influence on the
seismic wave propagation in the crustal waveguide and controls the strong shaking from damaging earthquakes
in certain distance range. As a result, damage could occur due to these coming waves. The work will be focused
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Inversion of local earthquake travel times were used to derive a simple model for the crustal velocity structure
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
beneath the Gheshm Island. The P-wave and S-wave travel times from 112 well-located aftershocks of the 2005
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
Gheshm earthquake (MW 5.8) sequence recorded by the IIEES local seismic network were inverted to determine
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
a 1D velocity model of the upper crust. The network was operational from December 2005 until March 2006 and
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
for the recorded events average ratio of P-wave to S-wave velocity is calculated as 1.78. The limited range of
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
earthquake depths (between 8 km and 22 km) prevents any reliable determination of velocity interfaces deeper
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
than 20 km. The resulting P-wave velocity model comprises an upper crust with 8 km and 4 km thick
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
sedimentary layers with P-wave velocities (Vp) of 5.43 and 5.92 km s−1, respectively, above 8 km thick layer of
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
upper crystalline crust (Vp 6.19). Depth of the Moho was estimated based on the variation of average coda Q at
forecast.
1 Hz (Q0) as a function of maximum sampling depth. A sharp rise around 40 km depth is most likely an
indicator of lower attenuation of Moho.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T1.2-P22 Crustal
Structure
P. Brown,
N. Gi and Seismogenic Zone of Cameroon: Integrated Seismic,
Geological
and
University
of Geophysical
Western Ontario,Data
London, ON, Canada
Contact: 1pbrown@uwo.ca
P.M. Mouzong
, A. Bekoa2
HTTTC, University of Buea, at Kumba, Cameroon
In this2 study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
Geology And Volcanic Research Antenna, Cameroon
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Contact:
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detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
This study
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of Cameroon.
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seismicity related to volcanic activity. The second seismogenic zone, in the north of Mount Cameroon volcano,
illustrates the activity of Central Cameroon Shear Zone (CCSZ) faults; its seismicity is considered weak to
T1.1 Atmospheric Dynamics
moderate with maximum magnitude recorded which 5.1 Mb is. The area of "Sanaga Shear Zone" (SSZ)
constitutes the third seismic source region with moderate seismicity in which maximum magnitude recorded is
5.8 Mb;
Depth of its faults segments is evaluated at 33 km.
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New estimates of Moho depth, Poisson's ratio and shear-wave velocities for fourteen seismological stations in
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for obtaining
atmospheric
transport
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results.
Twoor
earthquakes recorded at epicentral distances between 30º and 90º and with moment magnitudes greater than
common
philosophies
are
nudging
and
variational
DA.
Traditionally,
nudging
is
used
in
T&D,
whereas
more
equal to 5.5. P-wave receiver functions were modeled using the Moho Ps arrival times, H-k stacking, and joint
sophisticated
variational
techniques
are usedwave
in weather
forecasting.
these
twodepth
DA of
techniques
arein
inversion of receiver
functions
and Rayleigh
group velocities.
TheHere,
average
Moho
the stations
investigated
in
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to
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their
specific
impacts
on
T&D
results
and
to
determine
if
the
more
advanced
DA
the Neoproterozoic Nigeria basement complex is 36 km, and 23 km for the stations in the Cretaceous Benue
techniques
used
in weather
forecasting
can be employed
for T&D
The Dahomeyan
two methodsterrain
are applied
in
Trough. The
crustal
structure
of the Paleoproterozoic
Birimian
andapplications.
Neoproterozoic
and Togo
the
Weather
Research
and
Forecasting
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model
for
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(COSTEX).
Structural Unit in southern Ghana is similar, with an average crustal thickness of 43 km. Poisson's ratios for all
First,
WRF results
verified
and0.26.
validated
againststructure
available
of temperature,
speed, toand
the stations
rangedare
from
0.24 to
The crustal
of measurements
the Nigerian basement
complexwind
is similar
the
wind
direction.
Next
T&D
simulations
for
COSTEX
are
performed
with
the
Hybrid
Single-Particle
Lagrangian
average crustal structure of Neoproterozoic terrains in other parts of Africa, but the Neoproterozoic terrains in
Integrated
Trajectory
Using
COSTEX
tracerlower
observations,
thecrustal
correlation,
fractional
bias, figure
of
southern Ghana
havemodel.
a thicker
crustthe
with
a thick mafic
crust. The
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in Côte
merit
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space,
and
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are
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d'Ivoire and Taoudeni basin is 40 km and 36 km respectively.
simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
simulations.
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of epicenters which concentrated along the active faults in this region. Moreover,
Contact:
patrick.hupe@bgr.de
results from teleseismic receiver function analysis for crustal structure implies that thickness of crust reaches
Inabout
routine
IMS infrasound
data at the IDC, microbaroms with dominant frequencies ranging from
60 processing
kms in this of
mountainous
region.
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
T1.2-P25 Crustal Thickness Estimates Beneath Four Seismic Stations in Ethiopia
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
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wind profiles, provided
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(NWP) models,
have exhibited significant biases when
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output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
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from P-wave receiver
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detection
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year; especially
during the(ESSN)
hemispheric
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functions (RF). We used high quality seismic data recorded at ANKE (Ankober), DILA (Dilla), HARA (Harar)
and SEME (Semera) stations for earthquakes located at epicentral distances ranging from 30 to 100° with
magnitude mb ≥ 5.5. We applied a frequency domain deconvolution technique to remove source and propagation
228

CTBT:CTBT:
Science
and Technology
2019 2019
Science
and Technology
path effects.
The minimum
number ofBoundary
teleseismic Layer
earthquakes
is 14 for HARA
while the maximum
is 39
T1.1-O3
Atmospheric
as aused
Laboratory
for Modeling
Infrasound
for SEME station. We achieved a reasonably good fit between the observed and synthetic RFs. The lowest Moho
Propagation and Scattering in the Atmosphere
depth is observed at Semera station which implies a thinned crust while the highest crustal thickness is observed
1
1
1 results agree
2 observations 2
at Ankober, which lies
along the North
western plateau
margin. Our
previous
I. Chunchuzov
, S. Kulichkov
, V. Perepelkin
, O. Popov1, A. with
Vardanyan
, G. Ayvazyan
which strengthen the1 hypothesis
that
Moho
depths
estimated
for
stations
that
lie
within
the
rift
and
rift margins
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow,
Russian
are lower than those located
in the plateaus. Our RFs inversions show a low velocity gradient at about 16 km
Federation
2
depth at Semera station,
interpreted
as evidence
lower
crustal storage of partial melt.
Barva
Innovation
Center, for
Talin,
Armenia
Contact: igor.chunchuzov@gmail.com

T1.2-P26
Database
fromof astudying
Seismic
Monitor
thestructure
2018 Enhanced
The experimental
results
theNetwork
effect of a to
fine-scale
layered
of a stably stratified atmospheric
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with a certain period (1
Geothermal System Stimulation in Espoo/Helsinki, Finland

min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
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forecast.
The study
shows that strike-slip faulting prevails in the area as observed in 19 events for which the waveform
inversion has been performed. Strike of the faults, depicted on the basis of these events, is nearly consistent
direction i.e. north-south, but, dip of the faults and depth of the events is increasing northwards representing a
north-dipping
slab. We
observedEfficiency
that movement
of the
blocks,
along depicted strike-slip faults compensates
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with

29

3

Theme1:1:The
TheEarth
Earthasasa aComplex
ComplexSystem
System
Theme

T1.2-P28 Detailed Hypocenters Relocation with High Resolution Analysis on Tripa
Fault
T1.1 Atmospheric Dynamics
A. Simanjuntak1, M. Umar2, R. Sipayung3, D. Sianipar41
Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG), National
Oral Presentations
Seismological Center, Jakarta, Indonesia
2
Tsunami and Disaster Mitigation Research Center (TDMRC), Syiah Kuala University, Bandah
Aceh, Indonesia
3
T1.1-O1 Application
AdvancedStation
DataofAssimilation
Techniques to Improve
BanjarnegaraofGeophysical
Central Java, Indonesia
4
Atmospheric
Transport
Dispersion
National Central
University and
of Taiwan,
TaoyuanPredictions
City, Taiwan
1

andreansimanjuntak@gmail.com
N.Contact:
Heath, A.
Suarez-Mullins
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
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Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
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seismic events. In
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this work, we3 computed moment tensors and stress drop values for five recent induced events recorded by the
German
Aerospace
Center
(DLR),
Institute
Atmospheric
Physics,
Egyptian National
Seismic
Network
(ENSN)
around
LakeofNasr,
Aswan Area
withOberpfaffenhofen-Wessling,
magnitudes between 3.0 and
Germany
4.5 as well as4 five nearby earthquakes from Red Sea with magnitudes ranging from 4.0 to 5.5, events that are
Aerospace
(DLR),
of Atmospheric
Oberpfaffenhofen-Wessling,
interpreted as German
natural events.
We Center
performed
fullInstitute
waveform
inversion forPhysics,
the studied
seismic events including
Germany;
Ludwig-Maximilians-Universität
München,
Meteorological
Institute Munich,
complete moment tensor and dominant double-couple (DC) signature. Our results exhibited
that most induced
Germany
events demonstrate
significant non-double-couple components. The estimated focal depths of most Induced
events are significantly
shallower than focal depths for inter-plate and intraplate earthquakes in and around area
Contact: patrick.hupe@bgr.de
under investigation. On the other hand, stress drops and source spectra of studied events are used as another key
Intoroutine
processing
of IMS
infrasound
data events
at the IDC, microbaroms with dominant frequencies ranging from
differentiate
between
natural
and induced
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
T1.2-P30 Dissecting Hearts of the Continent in Southern Africa Using First P-Wave
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
Tomography
Based
on Local,
Regional,
and Mining-Induced
Earthquakes
wind profiles, provided
by numerical
weather
prediction
(NWP) models,
have exhibited significant
biases when
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
M.T. Kwadiba
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
Botswana Geoscience Institute, Lobatse, Botswana
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
Contact:
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atmospheric model
analysis
produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
In thethepresent
the anatomy
the uppermost
subcontinental
under in
southern
Africa is
using
direct study,
NWP model
output.ofIncorporating
realistic
wind andlithosphere
temperature(USCL)
uncertainties
NWP models,
explored
through
the
application
of
seismic
tomography.
The
Kaapvaal
and
Zimbabwe
cratons,
which
constitute
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
the Precambrian
hearts of the
continent
around
which southern
was formed,
sliced using P-wave
station’s
detection capability
throughout
a year;
especially
during theAfrica
hemispheric
summerare
seasons.
tomography to improve our understanding of the seismological structure of the USCL beneath the subcontinent.
The tomograms of the USCL beneath the study area were determined from first P-wave arrival times generated
by local, regional and mining-induced earthquakes recorded by 82 stations of the 1997–1999 Southern Africa
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Modeling
study area. The geotomograms provide a key constraint for understanding better the thermal, density and
Propagation
and
Atmosphere
compositional variations
in the region,
andScattering
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knowledge
of the assembly and modification history
1
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1 with results
of continents throughI. time.
The
present
tomograms
from
previous 2seismic
studies 2
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1 already known structural features and to find new structures. The results indicate that the
in the area to detail the
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study area is heterogeneous, and bring insight into the P-wave velocity anomalies
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in Innovation
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Earthquake
Radioctivity,
in Indonesia
The experimental
resultsand
of studying
the effectIts
of aApplication
fine-scale layered
structure of a stably stratified atmospheric

boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
Prayogo,detonation
B. Sunardi,
S. Rohadi,
U. Haryoko,
D. Ngadmanto,
Y.H.
Perdana,
min) byA.S.
an artificial
source
are presented.
The vertical
profiles of
wind
velocity fluctuations in the
A.R.
Hakim,
A.
Nurvita
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Indonesian
Agency
Meteorology,
Climatology
Geophysics
(BMKG),
pulses from
the source.
It isfor
shown
that the mechanism
of and
scattering
of pulse
signals National
in a stably stratified ABL is
Seismological
Center,
Jakarta,
Indonesia
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind Contact:
velocity and
temperature in the stratosphere and lower thermosphere. The role of similarity parameter
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here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
Indonesia
an area
that is by
verythe
prone
to earthquakes.
needs
to bevelocity
done inand
an effort
to minimize
the is
layer
multiplied
relative
difference Research
in effective
sound
normalized
by thethevertical
impactwavelength.
of earthquakes.
One ofofthem
monitoring physical
that occur of
before,
during,and
andarrival
after an
The effect
such is
inhomogeneities
on the parameters
temporal fluctuations
the azimuth
times of
earthquake.
One
parameter
is
the
concentration
of
radon
gas
which
has
certain
radioactivity
and
is
considered
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
capable
of work
representing
one of by
theRFBR
parameters
of the lithosphere dynamics when an earthquake occurs. Some
This
was supported
N 18-55-05002
results of the study indicate an increase in gas concentration before an earthquake. In Indonesia, monitoring
devices for radon gas concentrations are installed in several regions, including in Sumatera (Medan dan Liwa),
Jawa (Lembang dan Yogyakarta), and Central Sulawesi (Palu). Some temporary results from the earthquake case
T1.1-O4
Change
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study show
that thereClimate
was an increase
in Through
the concentration
of radon
gas before an earthquake occurred in more
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than 50% of the cases.
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standard
deviation
method, median
absolute
deviation,
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as
a
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that
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be
observed
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
to analyze physical phenomena
other than seismic
parameters,
before,
when and after earthquakes occur.
CTBTO Preparatory
Commission,
Vienna,
Austria
3

Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
TU Wien Atominstitut, Vienna, Austria
5
UniversityRe-Location,
of Natural Resources
and Applied
Life Sciences (BOKU),
Vienna,
Austriaof
Earthquakes
GT Events
Identification
and PSHA
in Parts
6
Health Canada,
Protection
Bureau,
Ottawa, ON,
Canada and its
Sub-Saharan
AfricaRadiation
to Boost
CTBT’s
Verification
Capability
4

T1.2-P32

Scientific
Applications
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

1
3
4
6
Cosmogenic
radionuclides
and can
be used together
U. Kadiri
Afegbuaberyllium-7
, F. Ezomo2and
, B. sodium-22
Manzunzuare
, B.known
Atebaatmospheric
, M. Sitali5,tracers
P. Amposah
1
in a lock-in
technique
to effectively
trace vertical
airNigeria
masses based on surface measurements. This technique
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allows to2 University
study progression
speed
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atmospheric cells. Data show that the cells are decelerating during the
of Benin,and
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City,
summer 3period
which
is extendingPretoria,
in time. South
This isAfrica
caused by warming of the whole troposphere and increased
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cell Commission,
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confirming several side effects of climate change while providing a new modelling tool in seasonal weather
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forecast.
Phases from regional and local earthquakes contribute significantly to velocity model errors on the accuracy of
earthquake location. This, the dearth of data, poor network of seismic stations, poorly located and well-defined
events,T1.1-O5
absence of aDetection
reliable velocity
model etc.,
haveIMS
hindered
meaningful seismological research in parts of
Efficiency
of the
for Bolides
sub-Saharan Africa. In this study, prominent events were relocated and some which include the 2009 Benin
P. Brown,
N. Gi
event, 2017 Botswana
earthquake,
2015 Namibian event, 2016 and 2018 events in Nigeria were screened for
of Western
Ontario,
London,
Canada
Ground Truth eventsUniversity
using Geotool,
Regional
Seismic
TravelON,
Times
and iloc stringent procedures. Secondly, in
collaborations with relevant
institutions,
probabilistic
seismic
hazard
assessment
was carried out using data from
Contact: pbrown@uwo.ca
NDCs, local seismic stations, and ISC to compute earthquake hazard parameters. The results show a b-value of
0.79 +3.047 +- 0.747,
6.88 +- 0.26
and PGAs
In 0.05,
this activity
study rate
we of examined
344 Mmax
bolides of (airbursts)
reported
on forthea 10%
JPL probability
CNEOS of
website
exceedance
in 50 years range of 0.05 – 0.2g.
The results
aim to
regionalthese
velocity
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
andcontribute
attempt to
to the
correlate
withmodel
infrasound
development,
enhancement
of verification
compliance
with the CTBT
and one
its civil
and scientific
applications,
detections.
We found 206
of these bolides
were detectable
by at least
infrasound
station while
only 42 were
improvement
of seismicity,
seismic
hazard
assessment,
seismotectonic
outlooks
the entire
region covered.
automatically
registered
as part
of the
Reviewedand
Event
Bulletin (REB)
issuedofdaily
by CTBTO.
However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.2-P33 Estimation of 2D and 3D Shear Wave Velocity Structure of Crust and Upper
Mantle of Northern Part of Iranian Plateaus
T1.1 Atmospheric Dynamics

Oral

H. Rahimi
Institute of Geophysics, University of Tehran, Iran
Presentations

Contact: rahimih@ut.ac.ir;habib.rahimi2005@gmail.com

Determination of shear wave velocity structure is important to interpret the tectonic activities in this region. For

T1.1-O1
of Advanced
Data Assimilation
Techniques
this goal, weApplication
conducted a tomographic
inversion
of Rayleigh wave
dispersion to
to Improve
obtain group velocity
Atmospheric
Transport
and
Dispersion
Predictions
tomographic images for the north part of Iran. Estimated group velocity dispersion curves using frequency time

analyzing of surface wave have been processed to obtain tomographic. The shear wave velocity structure has
N. Heath, A. Suarez-Mullins
been estimated beneath each station by using joint inversion of P-waves receiver functions and dispersion curves
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
of Rayleigh waves. The depths of Moho and the Lithosphere-Asthenosphere Boundary have been estimated.
Contact:
Based on derived
results,nicholas.heath@us.af.mil
Moho depth is increasing from southern to northern part of Alborz region, whereas the
lithosphere–asthenosphere boundary depth is decreasing from southern to northern part. Our results reveal strong
Accurate
meteorological
is critical
for obtaining
realistic
atmospheric
transport
and dispersion
heterogeneity
in the uppermodeling
mantle beneath
Alborz
region. High
velocity
anomalies
have been
observed at(T&D)
depth
predictions.
There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
Two
of ~120 to ~180 km in the upper mantle, which is consistent with the presence of under thrustingresults.
of Caspian
common
philosophies
are
nudging
and
variational
DA.
Traditionally,
nudging
is
used
in
T&D,
whereas
more
lithosphere beneath Alborz. We have observed almost well correlation between the thickness of under thrusted
sophisticated
variational
techniques
are used in weather forecasting. Here, these two DA techniques are
high velocity layer
and surface
topography.
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
T1.2-P34
Estimation
of and
Local
Site Effects
Using Microtremor
in Erdenet
City
First,
WRF results
are verified
validated
against available
measurements ofTesting
temperature,
wind speed,
and
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
D. Munkhjargal, O. Chimed, D. Myagmar
Integrated Trajectory
Using the
tracer
observations,
the of
correlation,
fractional bias,
figure of
Institutemodel.
of Astronomy
andCOSTEX
Geophysics,
Mongolian
Academy
Science, Ulaanbaatar,
Mongolia
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
Contact:
simulations and
identifydembereldulam@iag.ac.mn
which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
Site effects associated with local geological conditions constitute an important part of seismic hazard assessment.
simulations.
This work was done in the framework of the project "Seismic micro zoning 12 aimag centers" funded by
Ministry of Construction and Urban development. In order to estimate site effects we used seismic weak motion,
seismic noise survey and seismic array measurement data. The weak motion survey was applied for 15 sites
T1.1-O2
Assessingrock
Middle
Atmosphere
Weather
Models
and
including 1 outcropping
site used
as reference site
with a duration
of Using
14 days.Lidar
Other 14
siteAmbient
locations were
A Case
Study for
IS26 Seismic microtremor measurements were done in a 500
selected basedNoise:
on different
geotechnical
conditions.
meter distance grid and1 in total 527 sites
were measured
for a duration
of one hour.
All
measurements
were done
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andPilger
REFTEK
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ForPichon
all noise, B.
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sites we obtained
the amplified
using Horizontal
Vertical noise
spectral
ratio (HV).
With this ratio
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we defined for3 each site a geological condition area. Based on this we created a deduced amplified frequency
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
map.
Germany
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T1.2-P35 Estimation
of Moho Depth under the MDT Seismic Station (Midelt,
Germany

Morocco) Using Receiver Function Technique

Contact: patrick.hupe@bgr.de
S. Badrane
In routine processing
of IMS infrasound
data at the
IDC, microbaroms
with Rabat,
dominant
frequencies ranging from
Centre National
pour la Recherche
Scientifique
et Technique,
Morocco
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
Contact:
badrane@cnrst.ma;badranesaid1@gmail.com
signals were used
as calibration
signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
It is well known that the receiver function method can provide a very good local measurement of crustal
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
thickness under a three component broadband station. In order to investigate crustal thickness beneath the MDT
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
broad band seismic station located in Midelt region (Morocco), which forms part of the PTS International
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
Monitoring System, we applied the H-k stacking technique proposed by Zhau and Kanamori based on stacking
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
several receiver functions computed from different teleseismic events. This technique is based on a stacking
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
algorithm which sums the amplitudes of receiver functions at the predicted arrival times of the Moho P-to-S
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
converted phase and the later multiple converted phases PpPs and PpSs+PsPs by different crustal thicknesses H
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
and Vp/Vs ratios. The best estimations of crustal thickness H and Vp/Vs ratio are found when the three phases
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
are stacked coherently. We used more than 60 teleseismic events recorded by MDT seismic station during the
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
years 2016 and 2017, located between 30° and 90° and having magnitude greater than 6. After the computation
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
of receiver functions, only 20 events which showed coherent results were selected to be used in the H-k stacking
technique. The estimated depth of the moho beneath MDT seismic station is about 40 kilometers.
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer
(ABL)that
onstruck
fluctuations
of the
acoustic
generatedearthquake
with a certain
(1
The earthquakes
sequences
the north
partparameters
of LombokofIsland
are pulses
of the thrusting
type period
as
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
in
the
interaction of the back-arc Flores thrust tectonic system. This earthquake sequences is initiated by significant
thin layers
of the ABLMhave
been
retrieved
using
of the recorded
arrivals of
earthquakes
with magnitude
6.4 (29
July
2018), M
6.9 the
(05 wave
Augustforms
2018)and
andtravel
M 7.0times
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2018). Using
from thedisplacement
source. It is shown
thatinversion
the mechanism
of scattering
pulse of
signals
in characteristic,
a stably stratified
hybrid pulses
simultaneous
spectrum
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the of
physic
source
pathABL is
to the mechanism
scattering
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explosions
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nonhomogeneities
effect similar
and amplification
effect atofthe
recording
seismic from
sites ground
(PLAI, surface
JAGI, SRBI
and TWSI)
reveals
that the
windstress
velocity
temperature
theQ-factor
stratosphere
and lower
thermosphere.
The role ofofsimilarity
parameter
medianofstatic
dropand
is 28.4
MPa andinthe
parameterise
is about
64 f0.8. Processing
8 significant
here place
dimensionless
of the reflecting
nonhomogeneous
which
is the
vertical
scale of
earthquakes
rangesthefrom
M. 4.9 to Mthickness
6.4 also indicates
amplification
factor of the layers,
SRBI and
TWSI
stations
to be
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
app. 4 - 6 Hz and 15 – 18 Hz respectively. PLAI is assumed as reference station due to its MASW measurementvertical
Thesite
effect
of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
of app.wavelength.
1385 m/s (rock
category).
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
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T1.2-P37 Flow Plane Orientation in the Upper Mantle under the United States from
SKS Shear-Wave Splitting Observations
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
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The cause of seismic
4 anisotropy is still an open question, e.g., to which degree it is due to more recent
TU Wien Atominstitut, Vienna, Austria
geodynamic activities5 in the asthenosphere, or to frozen-in deformation in the lithosphere. We show that these
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
two endmember cases
can in principle be distinguished using shear-wave splitting observations from SKS
6
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waves. This is illustrated by the simple example of pure olivine with horizontal a-axis, and differing orientations
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vertical b and vertical c. The azimuthal dependence of shear-wave splitting
measurements is described by two parameters, which can provide additional information about subsurface
Cosmogenic
radionuclides
beryllium-7
and sodium-22
are known
atmospheric
tracers and
be used together
deformation.
In particular
the oscillation
parameter
d1 constrains
the orientation
of foliation.
Wecan
demonstrate
in
a
lock-in
technique
to
effectively
trace
vertical
air
masses
based
on
surface
measurements.
This technique
that shear-wave splitting in Western and Central United States indeed shows the predicted azimuthal
allows
to
study
progression
and
speed
of
atmospheric
cells.
Data
show
that
the
cells
are
decelerating
dependence, related to a mainly subhorizontally-oriented flow plane of deformation in the upper mantle. This during
has the
summer
period
which
is
extending
in
time.
This
is
caused
by
warming
of
the
whole
troposphere
and
increased
important implications for asthenospheric flow.
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
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confirming
several side Definition
effects of climate
while
providing
new modelling
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On November 11, 2015 a seismic event, Mw=5.1, took place in the Las Gonzalez sector of the Boconó fault in
Contact: pbrown@uwo.ca
western Venezuela region. This event was followed for an intense seismic activity mounting up to almost one
thousand
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In events
this until
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we 31,
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on the seismic
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~10%
averaged
2007-2018
less
than the
rate (from
2014-2018)
of hipocenters
of
the
given
set
of
seismic
events
based
on
the
difference
of
residuals
between
previously
located
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are
reported in
neighbors
eventswhile
to achieve
improved
location,
the usage
of the stations.
HypoDDAll
code
(Waldhauser
et. > 2
the REB,
more an
than
90% arerelative
detectable
at onewith
or more
infrasound
airbursts
with energy
al, 2000).
We expect
accuracy
newdetected
solutions
will shed light
on the presence
kT reported
onthat
the the
JPLreached
fireballbetter
site since
2007with
havethe
been
infrasonically.
However,
the REBofis only
the smaller
secondary
present
area, at thedetection
surface and
in itsnot
dipping
to the
depths.
complete
abovefaults
15 kT
with in
thetheautomated
system
having
reported
at least four airbursts with
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T1.2-P41 Gravity Derived Crustal Thickness Map of Botswana: Implication to the
Mw 6.5 April 3, 2017, Botswana Earthquake
T1.1 Atmospheric Dynamics

Oral

C. Chisenga
Malawi University of Science and Technology (MUST), Limbe, Malawi
Presentations
Contact: cchisenga@must.ac.mw

Botswana has been experiencing a rise in seismicity since 2010 which culminated in the 2017 Mw 6.5 April 3,

T1.1-O1
Application
of Advanced
Data Assimilation
Techniques
toearthquake
Improveoccurred ~350
Botswana earthquake,
the second
largest earthquake
event in recorded
history. This
Atmospheric
Transport
and
Dispersion
Predictions
km southeast of the Okavango Rift Zone (ORZ), in an area previously not known for large magnitude

earthquakes or active faults. The occurrence of this earthquake made it clear that the crustal structure of
N. Heath, A. Suarez-Mullins
Botswana is not yet fully understood . To address this, we utilized gravity data to construct a crustal thickness
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
map of Botswana, which has enabled us to study the crustal structure underneath the thick Kalahari cover. Our
Contact:
results also show
somenicholas.heath@us.af.mil
localized zones of slightly-thinned crust within intraplate regions. We find that the MW
6.5 earthquake occurred within a region underlain by relatively thin crust suggesting this as a possible region of
Accurate
is criticalrifting
for obtaining
realistic
transport
dispersion
(T&D)
tectonic meteorological
inversion and amodeling
possible incipient
zone. The
studyatmospheric
also identified
regionsand
where
earthquake
can
predictions.
There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
results.
Twois
occur relatively to known earthquake regions. The approach can also be used to determine if the earthquake
common
and variational
DA.
nudging
the resultphilosophies
of a nuclear are
testnudging
or an interplate
earthquake
in Traditionally,
continental stable
areas.is used in T&D, whereas more
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
T1.2-P42
Ground
Kathmandu
Valley
Sediments
During
2015 Gorkha
the
Weather Research
andResponse
Forecasting of
(WRF)
model for the
Colorado
Springs Tracer
Experiment
(COSTEX).
Earthquake
First, WRF results
are verified and validated against available measurements of temperature, wind speed, and
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
S. Rajaure
Integrated Trajectory
model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
of Mines and Geology,
Kathmandu,
Nepal to evaluate the robustness of the T&D
merit in space,Department
and Kolmogorov-Smirnov
parameter
are computed
simulations andContact:
identify srajaure@gmail.com
which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
The Kathmandu Valley was strongly rocked at 11:56 local time by an Mw 7.8 earthquake on 25th of April 2015.
simulations.
This earthquake was followed by a large number of aftershocks including the 12th May 2015 (Mw 7.3) Dolakha
Earthquake. Largest peak ground acceleration (PGA) was observed at a rock site during the M 7.8 earthquake,
however velocity was smaller. On the other hand, the soil sites have recorded smaller acceleration but the
T1.1-O2
Middle
Atmosphere
Lidar
Ambient
velocity was Assessing
comparatively
large during
the M 7.8 Weather
earthquake.Models
The largeUsing
velocity
at the and
soil sites
is the reason
Noise:
A
Case
Study
for
IS26
for strong shaking of the multi storey apartment buildings and the damage they sustained and comparatively
smaller accelerations1 are responsible
for the small damage of engineered low rise buildings. During other
P. Hupe , L. Ceranna1, C. Pilger1, M. De Carlo2, A. Le Pichon2, B. 3, M. Rapp4
(M>6.0) earthquakes
the PGA at rock site are smaller and are large at soil sites. Fourier amplitude spectrum of
1
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
the acceleration
data reveals the predominant frequency at soil sites ranges between 0.2 to 0.3 Hz for the Mw 7.8
2
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
earthquake. However,
during its strong aftershocks the predominant frequency moves towards high frequency.
3
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Fourier amplitude spectrum reveals that, on horizontals, the high frequencies are damped rapidly above 1 Hz.
Germany
4
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
T1.2-P43 Heterogeneities
of Short-Period S Wave Attenuation Field in the Earth’s
Germany

Crust and
Uppermost Mantle
Contact:
patrick.hupe@bgr.de

of the Eastern Tien Shan

1
2
I. Sokolova
Kopnichev
In routine processing
of IMS, Y.
infrasound
data at the IDC, microbaroms with dominant frequencies ranging from
1
Institute
of Geophysical
Research,
Almaty,
0.1 to 0.5 Hz appear
in overlapping
frequency
bands
and Kazakhstan
are considered as noise. In this study, microbarom
2
Institute
of
the
Physics
of
the
Earth,
Russian
Academy
Science,infrasound
Russian Federation
signals were used as calibration signals, and their amplitudes
at theofGerman
station IS26 were
modelled basedContact:
on operational
ocean wave interaction simulations and a semi-empirical attenuation relation.
sokolova@kndc.kz
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
Studying
attenuation
characteristics
is important
analysis
of geodynamical
processes
and for
solving
the
wind
profiles,
providedfield
by numerical
weather
predictionfor(NWP)
models,
have exhibited
significant
biases
when
problem
of
underground
nuclear
explosions
and
earthquakes
discrimination.
We
have
carried
out
mapping
shear
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
wave attenuation
in theatEastern
Tien
Shan lithosphere
including
area of amplitude.
Lop Nor nuclear
test site.and
We
measurements
was field
installed
IS26 for
estimating
uncertainties
in thethe
modelled
Temperature
usedperturbations,
recordings ofconsidering
seismic stations
MKAR
andand
KKAR,
located
at added
regional
for the
mapping. The
wind
observed
biases
deviations,
were
to distances,
the operational
high-resolution
methods based
on the
analysis
of Lg and
and Pn wave
amplitude
ratios, and LgWeather
coda were
used. Zones
atmospheric
model
analysis
produced
by Pg,
theSn
European
Centre
for Medium-Range
Forecasts.
Suchof
high attenuation,
first of all
to the
of Urumqi
city and
in of
thethe
area
of Lop
Nor nuclear
test site
picked
uncertainties
in horizontal
winds
andwest
temperature
explain
97%
actual
detections,
compared
to were
77% when
out. No
large earthquakes
were recordedrealistic
in thesewind
zones
the pastuncertainties
200 years. ItinisNWP
supposed
that
using
the direct
NWP model(M≥7.0)
output. Incorporating
andduring
temperature
models,
processes
of
large
earthquake
preparing
can
occur
in
the
first
zone.
Relatively
weak
attenuation
corresponds
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of ato
the earth’s
crust of
the second
zone. Atathe
same
time, essentially
attenuation
is observed
in the uppermost
station’s
detection
capability
throughout
year;
especially
during thehigh
hemispheric
summer
seasons.
mantle of this zone. We believe that the attenuation anomaly in the area of test site is connected with mantle
fluids ascending due to protracted intensive artificial influence, like in the areas of other nuclear test sites.
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T1.2-P44
How Atmospheric
Complex is Seismically
"Deren"
Area, 180km
South ofInfrasound
T1.1-O3
Boundary Active
Layer as
a Laboratory
for Modeling
Ulaanbaatar?
Propagation and Scattering in the Atmosphere
1
2
3
1
1
1
1
1
1
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, O. Popov
, A. Vardanyan2, G. Ayvazyan2
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Obukhov Institute
of Atmospheric
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Russian
Science, Moscow, Russian
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Barva Université
Innovationde
Center,
Talin, Armenia
Valbonne, France
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igor.chunchuzov@gmail.com
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Valbonne,
France
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric

boundary
layer (ABL)
on fluctuations of the parameters of acoustic pulses generated with a certain period (1
Contact:
battulga@iag.ac.mn
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Abundant
is recorded
a sufficiently
of time
in the
region
of Deren,
thin seismicity
layers of the
ABL haveinstrumentally
been retrievedforusing
the wave long
formsperiod
and travel
times
of the
recorded
arrivals of
180kmpulses
southfrom
of Ulaanbaatar.
These
earthquakes
have
been
roughly
assigned
to
Deren
fault
which
expresses
NSABL is
the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified
trending
thrust
morphology.
In
order
to
define
and
accurately
characterize
active
faults
in
the
region,
we
used
2
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
different
datasets
from
2
distinct
temporary
seismic
deployments.
The
datasets,
particularly
55
events
within
the
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
magnitude
1.5 to the
4.5dimensionless
from the regional
temporary
array
that has a station
spacing
of about
here place
thickness
of theseismic
reflecting
nonhomogeneous
layers,
which
is the 50km
verticaland
scale of
1111 events
frommultiplied
a temporary
network difference
that adaptedintoeffective
the size of
seismicity
haveand
been
separately by
analyzed
the layer
by local
the relative
sound
velocity
normalized
the vertical
by means
of precise
The relative on
hypocenter
locations
reveal ofnew
about
crustal
wavelength.
Therelative
effect oflocation.
such inhomogeneities
the temporal
fluctuations
the features
azimuth and
arrival
times of
structures
of Deren,
particularly
trendingofstructure
50km long
and itssources
eastern is
end
bifurcated
at N20º
the signals
is studied.
TheEW
estimation
the errorofinabout
localization
of pulsed
given.
Acknowledgement:
and N70º.
relocation
3 parallel
N20º oriented structures that roughly 10km detached one another
ThisEqually,
work was
supportedreveals
by RFBR
N 18-55-05002
on the west of total seismicity. The fine-scale seismicity in combination with geomorphic data sets and focal
mechanism solutions proposes that the whole fault system comprises a mix of EW trending sinistral and N20º
trending faults on a combination of east-west compression with some right-lateral strike slip motion.
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Climate Change Through the Eyes of Radioisotopes
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Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
The aim of this research project is to study the relationship between seismicity and fluid circulation in a
geothermal
system radionuclides
at the exploration
stage. Studies
carried out
this relationship
are done
Cosmogenic
beryllium-7
and sodium-22
are on
known
atmospheric mainly
tracers and
can bewhen
usedthe
together
injection
fluids technique
back to thetosystem
has begun
mainly air
in Kenya.
will bemeasurements.
carried out at This
the Paka
in aoflock-in
effectively
trace vertical
masses This
basedstudy
on surface
technique
Geothermal
is located
the Rift
Valley North
of Lake
It the
is one
of are
the decelerating
shield volcanoes
allowsprospect
to studywhich
progression
and in
speed
of atmospheric
cells.
DataBaringo.
show that
cells
during the
2
.
found summer
in the Rift;
it has
a height
of 1697 meters
level and
covers anofarea
approximately
280
kmincreased
period
which
is extending
in time.above
This sea
is caused
by warming
the of
whole
troposphere
and
The data
obtained height
will bedue
analyzed
for CO2
a period
of two to three
years. episodes
The methods
used willhigh-pressure
entail the following;
tropopause
to rising
concentrations.
Aestival
of persistent
systems over
the determination
locations
plane stationary
solutions thunderstorms
and estimationare
of correlated
the seismic
hydraulic
Europe with of
lowhypo-central
pressure gradients
thatand
ledfault
to almost
with
the observed
diffusivity.
Software’s
used will cell
include
SEISCOMP3
and SEISAN
determination
hypo-central
deceleration
of atmospheric
movement.
This demonstrates
thatfor
7Betheand
22Na can be of
used
as indicators for
locations
and focalseveral
mechanisms,
the seismic
hydraulic
diffusivity
will be estimated
using thetool
equation
of linear
confirming
side effects
of climate
change
while providing
a new modelling
in seasonal
weather
growthforecast.
of seismicity for the particular period of time.
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Interdependence
Among Earthquake
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Attenuation and Consequences for the Central Asia Derived from PamirP. Brown, N. Gi
Hindu
Kush Deep
Earthquakes
DataON, Canada
University
of Western
Ontario, London,
B. Nurtaev,
S. Zenkova
Contact:
pbrown@uwo.ca
Institute of Geology and Geophysics, Tashkent, Uzbekistan
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
Contact: nurtaevb@gmail.com
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
detections.
We
found
206
of
these
bolides
were
detectable
by at least
one infrasound
stationFor
while
only 42 were
The tectonics of Central Asia are dominated by the
spectacular
collision
between
India and Asia.
the Central
automatically
registered
as
part
of
the
Reviewed
Event
Bulletin
(REB)
issued
daily
by
CTBTO.
However,
Asia region the largest center of seismic activity is the deep-focus (90-300 km) Pamir-Hindu Kush earthquake this
global
REBplacement
detection of
rateearthquake
of ~10% averaged
is less
thankm),
the the
"modern"
rateof(from
2014-2018)
zone. The
spatial
foci in thefrom
area 2007-2018
(100-150 km
by 700
high level
seismicity
which
approaches
20%.
Above
the
1
kT
CTBTO
design
threshold,
we
find
that
40%
of
airbursts
are
reported in
and repeatability of events and the compactness displayed by the various focal zones, provides a unique
the
REB,
while
more
than
90%
are
detectable
at
one
or
more
infrasound
stations.
All
airbursts
with
energy
opportunity to study natural events that have different source parameters but nearly the same ray paths. We > 2
reported
on the
JPL fireball
site sincefrom
2007Hindu
have been
infrasonically.
However,
the REB
revisedkTstrong
motion
attenuation
specifically
Kushdetected
and Pamir
seismic zones
by searching
theis only
complete
above
15
kT
with
the
automated
detection
system
not
having
reported
at
least
four
airbursts
records of seismic stations of Uzbekistan, Tadjikistan and Kyrghystan. Variation in time delays with azimuth and with
35
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epicentral distance appears to be due to the varying angles between the ray path and the principal axes of the
anisotropic system. We have found a significant number of repeating earthquakes with reversed polarity
T1.1 Atmospheric
Dynamics
waveforms, which may suggest repeating rupture on sub-parallel
faults but with reversed
slip directions.
Comparative analysis of the time of Pamir-Hindu Kush earthquakes and the formation of large landslides in the
periodPresentations
from 1969 to 2018 showed agreement for more than 200 cases of landslides formed in South Kyrghystan,
Oral
Uzbekistan and Tajikistan.

T1.1-O1 Application of Advanced Data Assimilation Techniques to Improve
T1.2-P48 Investigate Seismic Sites Using Microtremor Studies and Elliptical Curve
Atmospheric Transport and Dispersion Predictions
Inversion of Horizontal-to-Vertical Spectral Ratio in Sleman, Yogyakarta

N. Heath, A. Suarez-Mullins
A. Arimuko1, B. Sunardi2, E. Santoso2
Air
1 Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
State College of Meteorology Climatology and Geophysics (STMKG), South Tangerang,
Contact:
nicholas.heath@us.af.mil
Indonesia
2
Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG), National
Accurate meteorological
modeling
is critical
for Indonesia
obtaining realistic atmospheric transport and dispersion (T&D)
Seismological
Center,
Jakarta,
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
Contact:
common philosophies
areabrahamarimuko98@gmail.com;abrahamarimuko@ymail.com
nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
This study aims to investigate site conditions based on the dominant period and elliptical curve inversion of
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
Horizontal-to-Vertical Spectral Ratio (HVSR). The data used as many as 20 sites, was taken using a seismometer
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
portable short period in the span of a minimum of 50 minutes of data recording in the Sleman, Yogyakarta. The
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
Nakamura method (Nakamura Y., 1989) as known as Horizontal-to-Vertical Spectral Ratio (HVSR) is used to
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
obtain the value of the dominant frequency and amplification factor. The dominant frequency is changed to the
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
dominant period which can indicate the type of soil. HVSR processing uses a guide from the SESAME Project.
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
The results of processing 20 sites show that the dominant frequency ranges from 0.629 Hz to 15.298 Hz. While
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
the amplification factor has a range of 0.015 to 6.613. The waveform can be inverted based on the elliptical
simulations and identify which DA technique provides the most realistic results. Overall this study provides
curve of HVSR datasets to produce a velocity model. From the velocity model, we can know Vs30 to determine
guidance for the meteorological community as to which DA techniques provide the most value for T&D
the type of soil too. From inversion process, Vs30 obtained has a range of 140 m/s to 2050 m/s. In addition, from
simulations.
the velocity model data obtained, it can be seen the sediment thickness in site.

T1.1-O2 Assessing Middle Atmosphere Weather Models Using Lidar and Ambient
T1.2-P50 Investigations of the 2018 Earthquake Swarm in Mamasa (Sulawesi),
Noise: A Case Study for IS26
Indonesia
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1Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
2 Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG), National
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
3 Seismological Center, Jakarta, Indonesia
2German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
National Central University of Taiwan, Taoyuan City, Taiwan
Germany
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Contact:Aerospace
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German
Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
In early November
2018, an earthquake swarm took place in the Mamasa Region, West Sulawesi and resulted in
Germany
moderate damage in the villages. BMKG reported more than 600 events within the first month with four of them
Contact:
having magnitude
Mwpatrick.hupe@bgr.de
> 5.0. The seismicity was accurately relocated by using double difference with crosscorrelation data. A template matching technique was also utilized to provide catalog completeness for lower
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
magnitudes. We show that the earthquakes concentrated on a 12-km length intensive plane and distributed
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
irregularly along very shallow to about 15 km depth. This relocated seismicity suggests a ~90 km fault plane
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
generated by the strike-slip fault. We propose it confidently as the source parameters of 29 earthquake (Mw >
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
4.0) using moment tensor inversions exhibit a dominant strike-slip mechanism trending NNE-SSW (average
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
strike = ~200, average dip = ~80). Both our relocation and template matching techniques provided 4,170 events
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
starting from 31 Oct – 27 Nov 2018 and from the westernmost part, moving gradually and diffusely to the east
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
during early November 2018; eventually slowly decaying with time lasting for months. Our findings suggest the
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
invaluable chance to elucidate the presence of active fault zone in this region.
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
1
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Federation
Real time monitoring2 systems
around seismogenic
zoneArmenia
are very important for early detection of earthquake and
Barva Innovation
Center, Talin,
seismic hazard and seismic risk assessments. Furthermore, these system are also indispensable to understand
igor.chunchuzov@gmail.com
crustal activities andContact:
phenomena
as precursor. In Jordan, Dead Sea Transform system is responsible for
earthquake
activities
in
the
region.
Two seismic
networks
were installed
Jordan of
bya Jordan
Seismological
The experimental results of studying
the effect
of a fine-scale
layered in
structure
stably stratified
atmospheric
Observatory
(JSO).
These
networks
are
running
telemetry
stations
and
strong
motion
stations.
These
networks
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain
period (1
includes
onebystation
which detonation
belongs to source
the CTBTO
international
Monitoring
Stations
andvelocity
two stations
which in the
min)
an artificial
are presented.
The vertical
profiles
of wind
fluctuations
belongsthin
to layers
GEOFON
Global
Network.
In using
this presentation,
we explain
Jordan
and
of the
ABL Seismic
have been
retrieved
the wave forms
and travel
timesseismic
of the networks
recorded arrivals
of
advanced
seismic
hazard
applications.
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is

similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
T1.2-P52
Kinematics
of the thickness
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Combined GPS
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here place
the dimensionless
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reflecting
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the
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A combined GPS velocity solution covering a wide area from Egypt to Middle East allowed us to infer the
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
current rates across the main tectonic features. We have estimated 126 velocities from time series of 90
2
4
6 span
permanent and 36 non-permanent
sites located
Africa 3(Egypt),
and Arabia5,plates
in the time
L. Terzi1, M.GPS
Kalinowski
, G. in
Wotawa
, P. SaeyEurasia
, M. Schoeppner
I. T. Hoffman
1
1996–2015. We combined
our Nuclear
velocity Research
solution in
a least-squares
sense
with
two other recent velocity solutions
Belgian
Center
(SCK•CEN),
Mol,
Belgium
2
of networks located around
thePreparatory
eastern Mediterranean,
a ﬁnal IGb08 velocity ﬁeld of about 450 sites.
CTBTO
Commission,obtaining
Vienna, Austria
3
Then, we have estimated
the IGb08
Euler
of Africa,
and Arabia,
analyzing
the Austria
kinematics of the
Central
Institution
forpoles
Meteorology
andSinai
Geodynamics
(ZAMG),
Vienna,
Sinai area, particular 4velocity
proﬁles,
and
estimating
the
2D
strain
rate
ﬁeld.
The
estimated
relative
motion with
TU Wien Atominstitut, Vienna, Austria
respect to Africa is of5 University
the order ofof2–3
mm/yr,
however
there
is
a
clear
mismatch
between
the
modeled
and the
Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
observed velocities in6 the
southern
Sinai
sites.
We
have
also
assessed
the
NNE
left
shear
motion
along
the
Dead
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Sea Transform Fault, estimating a relative motion between Arabia and Africa of about 6 mm/yr in the direction
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
of the Red Sea opening.
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
T1.2-P53
Lithospheric
Scattering
Structurecells.
from
Teleseismic
Waveforms
allows to
study progression
and speedand
of atmospheric
Data
show that thePcells
are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
I. Gonzalez
Alvarez,
S. CO2
Rost,concentrations.
A. Nowacki Aestival episodes of persistent high-pressure systems over
tropopause
height due
to rising
University
of
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Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration
of atmospheric
cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
Contact:
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confirming several side effects of climate change while providing a new modelling tool in seasonal weather
Subsurface
heterogeneities with scale lengths on the order of the seismic wavelength scatter the seismic
forecast.
wavefield, transferring energy from the main arrival to the coda and generating traveltime and amplitude
fluctuations. Understanding the effect of these heterogeneities on the wavefield is important for the
characterization of natural and man-made seismic sources and to improve our knowledge of Earth structure.
T1.1-O5 Detection Efficiency of the IMS for Bolides
Here, we combine an energy flux model with the analysis of the incoherent coda wavefield to a dataset of over
350 teleseismic events
at Gi
the Pilbara, Alice Springs and Warramunga seismometer arrays in Australia.
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Brown, N.
This combination allows
us to of
determine
heterogeneity
(correlation
length, RMS velocity fluctuations of the
University
Western Ontario,
London,
ON, Canada
heterogeneities and thickness of the scattering layer) that quantify the scale and magnitude of the lithospheric
Contact:
heterogeneities present
beneathpbrown@uwo.ca
the arrays. Our new results show similar heterogeneity structure for all three
arrays, In
despite
the
fact
that
they
are
located 344
on different
provinces
with different
this study we examined
bolidesgeological
(airbursts)
reported
on thecrustal
JPL thickness
CNEOSandwebsite
tectonic(https://cneos.jpl.nasa.gov/fireballs/)
histories. These results are the first step
in
the
development
of
a
technique
aiming
to
remove
the effect
between 2007-2018 and attempt to correlate these with
infrasound
of the detections.
small-scale,We
near
receiver
structure
from
recorded
wavefields,
thus
enabling
us
to
improve
our
found 206 of these bolides were detectable by at least one infrasound station while source
only 42 were
characterization
and more
clearly
interior.
automatically
registered
asimage
part ofthe
theEarth's
Reviewed
Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.2-P54 Local Magnitude Formula Determination of Seismic Swarm at the LongDormant Jailolo Volcano, West Halmahera,
Indonesia
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In 2015 - 2016
there was an
of Seismic
in JailoloTechniques
region, West Halmahera,
Indonesia. GFZ
Atmospheric
Transport
and
Dispersion
Predictions
Germany collaborated joint research with BMKG Indonesia after those disasters to install a temporary seismic

network, called 7G network during August 2016 – July 2017. Then, we determined the local magnitude formula
N. Heath, A. Suarez-Mullins
for this network. We used 3387 amplitude records from 150 earthquakes event with focal depth less than 30 km.
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
Those data recorded by 6 broadband and 29 short period stations in the 7G network from August to December
nicholas.heath@us.af.mil
2016 and endContact:
of June till
July 2017. The results from this study were the distance correction function, -LogA0 =
1.742logR - 0.00184R - 0.113, and the magnitude local formula for 7G network, ML = LogA + 1.742logR Accurate
meteorological
critical
for obtaining
realistic
atmospheric
transport
and dispersion
0.00184R
- 0.113, wheremodeling
A and Risare
maximum
Amplitude
and hypocentral
distance,
respectively.
The (T&D)
stations'
predictions.
There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
results.
Two correction also found in this study. We found that the stations' correction for the 7G network was among -2.478
common
philosophies
are
nudging
and
variational
DA.
Traditionally,
nudging
is
used
in
T&D,
whereas
more
-0.996 for 33 stations and anomalies for 2 stations because of their values was out of the range of those 33
sophisticated
techniques
are usedcorrection
in weather
forecasting.
Here, these two
DA techniques
are
stations. Thevariational
negative values
of stations'
indicated
high amplification
meanwhile
the positives
investigated
in order
to assess their specific impacts on T&D results and to determine if the more advanced DA
indicated low
amplification.
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
T1.2-P57
Solutions
of Earthquakes
in South
of Sumba
IslandLagrangian
wind
direction. Moment
Next T&D Tensor
simulations
for COSTEX
are performed with
the Hybrid
Single-Particle
(Indonesia)
Integrated Trajectory
model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov
parameter are computed to evaluate the robustness of the T&D
Serhalawan1, D. Sianipar12, D. Daryono1
simulations andY.
1 identify which DA technique provides the most realistic results. Overall this study provides
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Tectonics of this
Noise:
A
Case
Study
for
IS26
region is proposed into two debatable models i.e. related to the subduction zone or due to collisional tectonics.

During the year of 2015-2018,
we find that the earthquakes in this region were sensitive to small stress
P. Hupe1, L. Ceranna1, C. Pilger1, M. De Carlo2, A. Le Pichon2, B. 3, M. Rapp4
perturbation dynamically
imparted by large distant earthquakes. The earthquakes located in isolated ~60x30 km
1
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
and secluded2 from most of the seismicity in the west of the Island. All of the seismicity analyzed here was
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
activated after
the occurrence of the 2018 Mw 7.5 Palu (Sulawesi) earthquake. We provided the source
3
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
mechanism of M>4.8 earthquakes by means of moment tensor inversion utilizing three component local
Germany
seismograms4of BMKG. The method based on multiple-point source representation and iterative deconvolution.
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Our results required variance reduction between synthetic and observed seismograms should be > 70%. Our
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
results indicated most of the earthquakes were shallow reverse faulting with the low dipping to the north and
Germany
were generally agreed with the slab model and relocated seismicity by the previous study. Our study supported
patrick.hupe@bgr.de
evidences thatContact:
the shallow
low dipping thrust faults are slightly more susceptible to surface wave triggering.

In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
T1.2-P58
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of Crustal
Activities
Using Oceanfloor
for were
signals
were used
as calibration
signals, and
their amplitudes
at the GermanNetwork
infrasoundSystem
station IS26
Resilience
modelled basedDisaster
on operational
ocean wave interaction simulations and a semi-empirical attenuation relation.
This relation strongly depends
on
the middle
atmosphere
(MA) dynamics;
however, vertical temperature and
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Nakamura
wind profiles, provided
by numerical
weather
prediction
models, have exhibited significant biases when
1
ResearchLiDAR
Institution
for Earth A
Science
Disaster Resilience,Tsukuba,
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compared with2 National
high-resolution
soundings.
fully and
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LiDAR for MA Ibaraki,
temperature
Japan
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for
Marine
Earth
Science
and
Technology,
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Kanagawa,
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measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations,
considering
observed biases and deviations, were added to the operational high-resolution
Contact:
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atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
Recently, there
are manywinds
disasters
earthquakes
in the
world, for
example,tothe
2011
off
uncertainties
in horizontal
and related
temperature
explain and
97%tsunamis
of the actual
detections,
compared
77%
when
Tohoku
and
2018
Palu
Indonesia.
These
sources
are
located
in
the
sea,
therefore
it
is
important
to
utilize
data
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,of
seafloor by
observations
for disaster
We have
how to improve
use real-time
data by oceanfloor
obtained
high-resolution
LiDARresilience.
measurements,
can considered
thus significantly
the understanding
of a
network
systems
like
the
Dense
Oceanfloor
Network
system
for
Earthquakes
and
Tsunamis
(DONET)
to reduce
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
these damages. We have two strategies, which are monitoring crustal activities using statistical technique for
long term evaluation of huge earthquakes with a magnitude over eight, and real-time tsunami prediction
considering tsunami propagation. DONET has ability to determine focus of small earthquakes with a magnitude
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Views on Seismic Hazard Analysis in the Eastern
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
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the waveUniversity
forms andof travel
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It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
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similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
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Between Floods and Earthquake in Southern Africa
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R.T. Mashingaidze
Cosmogenic
radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
National
University
of Sciencetrace
and Technology,
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in a lock-in
technique
to effectively
vertical air masses
based
on surface measurements. This technique
allows to
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
Contact:
robin.mashingaidze@nust.ac.zw
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause
due to
rising Region
CO2 concentrations.
episodes
of persistent
high-pressure
systems over
In recent
years, theheight
Southern
African
has faced an Aestival
increase in
the frequency
and magnitude
of natural
low and
pressure
gradientsThis
thatmarked
led to almost
stationary
thunderstorms
aretocorrelated
the observed
hazardsEurope
such aswith
floods
earthquakes.
increase
in seismicity
is believed
be partlywith
associated
deceleration
of atmospheric
cellthe
movement.
This Rift
demonstrates
that 7Be The
and 22Na
be used
as indicators
for
with the
propagation
southwards of
East African
System (EARS).
heavycan
rainfall
triggered
by
severalcaused
side effects
of climate
while
providing
a new
modelling
tool in flooding
seasonal inweather
extremeconfirming
weather events
by climate
changechange
affecting
Southern
Africa
has led
to widespread
forecast.
the region.
A preliminary analysis of the temporal and spatial relations between extreme flood events and the
largest recorded earthquakes in the four Southern African countries of Botswana, Malawi, Mozambique and
Namibia for the period 2000 to 2018, suggests that there is a relationship between these two natural hazards.
Damaging
earthquakes
such as the
2006 Mw of
7.0the
Mozambique
T1.1-O5
Detection
Efficiency
IMS for (Machaze),
Bolides 2009 Mw 5.6 Namibia (Kunene),
2009 Mw 6.0 Malawi (Karonga) and 2017 Mw 6.5 Botswana (Moiyabana) coincided with some of the worst
flooding to hit these areas
in decades.
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T1.2-P61 P and S Wave Tomography of the Central Tien Shan from Inversion of Local
In thisEarthquake
study we Arrival
examinedTime
344 Data
bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections.
We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
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automatically
registered
as partNAS,
of the
Reviewed
Event Bulletin (REB) issued daily by CTBTO. However, this
Institute
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global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
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which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
thetomographic
REB, while images
more than
90%
are under
detectable
at one or
more
infrasound
stations.
All airburstsbywith
energy
Detailed
of the
crust
the Central
Tien
Shan,
Kyrgyzstan,
are determined
using
P >2
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REB
and S wave arrivals data from local earthquakes and applying tomography method. The Tien Shan is one of theis only
complete
15 kTactive
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the automated detection
having
reported
at least
four airbursts
tectonically
and above
seismically
mountainsystem
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in the
world
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stable with
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areas, Kazakh Shield to the north and Tarim Basin to the south. The tomography method by Zhao et al. (JGR,
1992) has been used in this study. We selected earthquakes as uniform as possible in the study area. Most of the
T1.1
Atmospheric
Dynamics
earthquakes are located at depths of 0-20 km. We set all layers
of grid
net up to 65 km in the
upper and lower
crust with a spacing of 5 km and 10 km, respectively. The Moho discontinuity is set at a depth of 50 km. The
spacing
between grid nodes is 0.3-0.5 degrees in horizontal direction. The study area is characterized by an
Oral
Presentations
alternation of high-V and low-V layers beneath ranges and basins. The tomographic results exhibit considerable
amount of crustal heterogeneities, which confirms the tectonic complexities of the study area. Earthquakes are
located either in or on the edge of low-V layers in the Tien Shan, respectively.
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Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
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predictions. There
are several
data assimilation (DA) techniques used to improve meteorological results. Two
common
philosophies
are
nudging
variational
Traditionally,
nudging
is most
used earthquakes
in T&D, whereas
The Himalayan region, the zone ofand
collision
of theDA.
Indian
and Eurasian
plates is
prone. more
Based
sophisticated
variational
techniques
are between
used in the
weather
forecasting.
these
two DA oftechniques
are
on the observed
positive
correlation
inter-event
times Here,
and the
magnitude
the preceding
investigated
ordertimeto assess
specificpredictable
impacts on model
T&D results
and to
to determine
if theinmore
advanced
mainshocks,in the
and their
magnitudeis found
be applicable
study
region. DA
The
techniques
used
in weather
forecasting
be employed
for T&D
applications.
The two methods
are applied
earthquakes
with
magnitude
Ms ≥5.5can
since
1906 to 2008
occurred
in 19 delineated
seismogenic
sourcesinin
the
WeatherIndia
Research
and Forecasting
model
for the
Springs Tracer
Experiment
(COSTEX).
northeast
Himalaya
have been(WRF)
used to
predict
the Colorado
future earthquake
hazard.
It is found
that, the
First,
WRF
results
are
verified
and
validated
against
available
measurements
of
temperature,
wind
andof
probabilities for the occurrence of moderate to large size earthquakes in some of the seismogenicspeed,
sources
wind
direction.
Next
T&D
simulations
for
COSTEX
are
performed
with
the
Hybrid
Single-Particle
Lagrangian
northeast India and its adjoining southeastern Tibet is significantly high ranging from 0.81 to 1.0 for the next
Integrated
Trajectory
model. Using
the COSTEX
tracerfor
observations,
themoderate
correlation,
fractional
bias, figure of
decade. Using
the estimated
conditional
probabilities
occurrence of
to large
size earthquakes,
we
merit
in
space,
and
Kolmogorov-Smirnov
parameter
are
computed
to
evaluate
the
robustness
of the six
T&D
report that eight such earthquakes of expected magnitude range 6.0-7.1 would occur till 2019 of which
will
simulations
andArakan-Yoma
identify which
DA (three
technique
provides and
the three
most shallow)
realistic and
results.
Overalltwo
thisshallow
study provides
be located in
region
intermediate
remaining
focus one
guidance
meteorological
to which
DA techniques
provide
the most
T&D
each in for
the the
Himalayan
Frontal community
Arc and theasEastern
Syntaxis.
It has been
advocated
that value
these for
vulnerable
simulations.
seismogenic sources be monitored for multi-hazards in real time for future development and planning.
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In routine processing
of IMS
infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1
to
0.5
Hz
appear
in
overlapping
frequencyactive
bandsregions
and aredue
considered
as noise.
study, microbarom
Southeast Aceh is one of the most seismically
to the existence
of In
thethis
subduction
zone and the
signals
were
used
as
calibration
signals,
and
their
amplitudes
at
the
German
infrasound
IS26in were
Great Sumateran Fault. Some historical devastating earthquakes with magnitude range 5 – station
7 occurred
1965,
modelled
based
on
operational
ocean
wave
interaction
simulations
and
a
semi-empirical
attenuation
1980, 1997, 2008 and 2010, and could make intensity 4 – 7 MMI. To know the seismic activity, relation.
we have
This
relation
strongly depends
on the
middle
(MA)adding
dynamics;
vertical
temperature
and
deployed
7 seismometers,
3 short
periods
andatmosphere
4 broadbands,
to thehowever,
stations from
BMKG
and CTBTO
wind
profiles,
provided
by
numerical
weather
prediction
(NWP)
models,
have
exhibited
significant
biases
when
network for 6 months from August 2018 until March 2019. Data were downloaded every 2 months. After 4
compared
high-resolution
LiDAR soundings.
A fully autonomous
for MA
temperature
months of with
recording,
to get the preliminary
results, we downloaded,
investigatedLiDAR
and analysed
the waveform
and
measurements
was
installed
at
IS26
for
estimating
uncertainties
in
the
modelled
amplitude.
Temperature
and
found 900 events using the STA/LTA method. In the result we found that the hypocentre distribution occurred
wind
perturbations,
observed
biases
andnorthern
deviations,
addedoftothat,
the we
operational
and spreaded
moreconsidering
in the southern
part than
in the
part.were
Because
rotated 3high-resolution
sensors close to
atmospheric
model
analysis
produced
by
the
European
Centre
for
Medium-Range
Weather
Forecasts.
Such
the southern part, to minimize the azimuth coverage and get a high raypath. We also conducted
a microtremor
uncertainties
in
horizontal
winds
and
temperature
explain
97%
of
the
actual
detections,
compared
to
77%
when
survey to know the surface condition. We took 25 point and analysed the H/V to get the dominant parameter.
using
direct
NWP
output.
Incorporating
realistic
and temperature
uncertainties
models,
Fromthe
H/V
results
it ismodel
seen that
the surface
condition
can bewind
inhabited
and is not too
influencedinbyNWP
microwaves.
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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Earthquakes frequently
occur along
the Cameroon Volcanic Line (CVL), with magnitudes ranging between 2
and 6. These
events are from
and the
volcanic
An experiment
called the
Broadband
The experimental
resultstectonics
of studying
effect origins.
of a fine-scale
layered structure
of aCameroon
stably stratified
atmospheric
Seismicboundary
Experiment
(CBSE)
in of
thethe
country
between
and pulses
2007. The
data collected
was used
layer
(ABL)was
on conducted
fluctuations
parameters
of 2005
acoustic
generated
with a certain
period (1
in this work
thedetonation
seismic hazard
highlight
the most
riskyofareas
thefluctuations
CVL. We in the
min) to
by computed
an artificial
sourceand
aretherefore
presented.
The vertical
profiles
windaround
velocity
applied thin
a pass
bandoffilter
to the
data
with
frequency
ranging
from forms
1 to 5 Hz.
then
picked
the recorded
first P andarrivals
S
layers
the on
ABL
have
been
retrieved
using
the wave
and We
travel
times
of the
of
arrivals.pulses
This from
allowed
the
location
of
the
earthquakes.The
located
events
were
distributed
along
the
Congo
the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Craton margin.
an of
update
of theofCameroon
neoseismicity.
Fromexplosions
the seismicity
map and
seismic
similar toThis
the provided
mechanism
scattering
signals from
ground surface
by layered
nonhomogeneities
hazard computation,
we
distinguished
four
risky
areas:
The
mount
Cameroon
area,
considered
to
be
the
most
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity
parameter
seismically
the dimensionless
southern Cameroon
area'sofseismicity
is associated
with the Kribi-Campo
fault
andvertical
also thescale of
hereactive;
place the
thickness
the reflecting
nonhomogeneous
layers, which
is the
presencethe
of layer
the Congo
Craton,byknown
for its high
magnitude
tectonic activity.
The area and
alongnormalized
the Sanagaby
fault
multiplied
the relative
difference
in effective
sound velocity
theis vertical
the thirdwavelength.
risk zone; and
last one
is the
western Cameroon
characterized
by a network
of large
faults.
Thethe
effect
of such
inhomogeneities
on the
temporal fluctuations
of the
azimuth
and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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For buildings most scientists
that
the maximum
amplitude
and
longestON,
duration
of strong motion are in
the highest structures.
Contrary,
this
study
used
three
waveform
of
events
which
were recorded on an
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
accelerrographs array in a 12-store building in Jakarta. Those are the M6.5 Kebumen, M5.6 Pandeglang, and
M4.7 Lebak
earthquakes.
It shows
that the effective
duration
the M6.5
Kebumen
is shortest
hightogether
Cosmogenic
radionuclides
beryllium-7
and sodium-22
are of
known
atmospheric
tracers
and can and
be used
amplitude
in the highest
structure.
But the M5.6
and M4.7
Lebak
in different.
Based onThis
source
in ais lock-in
technique
to effectively
trace Pandeglang,
vertical air masses
based
onare
surface
measurements.
technique
mechanism
data,
seismic
waves of and
the speed
M6.5 Kebumen
directly
traveled
to Jakarta,
one are
direction
on strike.
allows
to study
progression
of atmospheric
cells.
Data show
that theincells
decelerating
during the
Ruptures
releaseperiod
high amplitude
and short duration
of strong
motion
forwardofdirection
or troposphere
contrary for and
strike
summer
which is extending
in time. This
is caused
by on
warming
the whole
increased
indirectly.
According
to this
it is CO2
shown
that the objectAestival
of energy
compensation
of M5.6
Pandeglangsystems
and over
tropopause
height
duestudy,
to rising
concentrations.
episodes
of persistent
high-pressure
M4.7 Lebak
is on
duration,
whereas
the object
energy
compensation
M6.5 Kebumen
on amplitude.
This
Europe
with
low pressure
gradients
thatofled
to almost
stationaryof
thunderstorms
are is
correlated
with the
observed
study was
strengthened
by similar method
and result This
on the
Aceh Sumatra
deceleration
of atmospheric
cell movement.
demonstrates
thatearthquake.
7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
1
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Stress field inversion is performed in NW Himalaya and surrounding regions on the basis of 584 earthquake
In this study
examined
344
bolides (airbursts)
reported
thefor JPL
CNEOS
focal mechanisms
listed inwe
the data
bulletin of
the International
Seismological
Centreon(ISC)
the area
betweenwebsite
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
latitudes 25º-40º N and longitudes 65º-85º E. Earthquakes in the period of July 1974 to March 2018, with focal
detections.
We
found
206
of
these
bolides
were
detectable
by
at
least
one
infrasound
station
while
only
depths 10-248 km and magnitude range (Mw 4.7–7.9) have been selected and the inversion of all available42 were
automatically
partbest
of the
Reviewed
Event Bulletin
(REB) issued
However, this
solutions
is applied toregistered
determineas the
fitting
stress tensors.
Focal mechanism
of daily
most by
of CTBTO.
the earthquakes
global
REB
detection
rate
of
~10%
averaged
from
2007-2018
is
less
than
the
"modern"
rate
(from
2014-2018)
indicates thrust faulting, which confirms northward under thrusting of the Indian Plate along the Main Boundary
which
approaches
20%.
Above
the
1
kT
CTBTO
design
threshold,
we
find
that
40%
of
airbursts
are
reported in
Thrust (MBT) and Main Central Thrust (MCT) system, and eastward under thrusting along the Burmese Arc.
the
REB,
while
more
than
90%
are
detectable
at
one
or
more
infrasound
stations.
All
airbursts
with
energy
>2
Fault-plane solutions indicate left-lateral motion along the Kirthar-Sulaiman Range and right-lateral motion
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REB
is
only
along the Karakoram Fault, which are in agreement with the expected sense of lateral mass movement for the
complete
above
15 kT
with the automated
detection
system
having
four airbursts
continental
collision
model.
A predominant
compressional
stress
regimenot
in the
NW reported
Himalayaatisleast
represented
by a with
41

3

Theme
Theme1:
1:The
TheEarth
Earthas
asaaComplex
ComplexSystem
System

thrust faulting mechanism along NNE-SSW and NNW-SSE trends in NW-India and Nepal regions and in
Pakistan and Hindukush regions, respectively and by a normal
faulting
mechanism along WNW–ESE
trend in
T1.1
Atmospheric
Dynamics
Xizang and Kashmir regions.
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T1.2-P69 Probabilistic Seismic Hazard Assessment in Kenya and Its Vicinity Y

T1.1-O1

S. Kipkwony
Application
of Advanced Data Assimilation Techniques to Improve
University of Nairobi, Kenya
Atmospheric Transport and Dispersion Predictions

Contact: sophiekipkwony@gmail.com;sophiekipkwony2013@students.uonbi.ac.ke
N. Heath, A. Suarez-Mullins
Seismic hazard
in Kenya
is very crucial
due(AFTAC),
to great and
rapidAir
spread
ofBase,
large FL,
development
programs
Airassessment
Force Technical
Applications
Center
Patrick
Force
USA
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Vision 2030. Contact:
Althoughnicholas.heath@us.af.mil
Kenya is considered a country of low to moderate seismic activity, it has experienced
numerous historical large earthquakes and damage has been reported ranging from minor to great. In the past,
Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
because of under-development, the effects of major earthquakes in Kenya have been deceptively low. However,
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
this situation is rapidly changing, with development programs moving into the earthquake-prone areas, which
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
will
bring vulnerability to damaging earthquakes. The tectonic activity of Kenya has been reviewed. All
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
magnitudes were homogenized to moment magnitude scale and declustered. Seismic source zones parameters
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
have been modeled from 103-year catalogue. Appropriate ground motion prediction attenuation equation is
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
adopted. Then seismic hazard was computed using 50 km interval grid points, utilizing PSHA approach using
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
Openquake program. The results shows high hazard levels in southwestern regions as compared with regions in
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
northeastern part of the study area. Result provides information about earthquake prone areas and seismic risk
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
potentials and, therefore, can be utilized for future earthquake mitigation and preparedness.
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
T1.2-P71
Properties
of the
High-Frequency
Seismic
FieldtheRecorded
guidance
for the
meteorological
community
as to whichAmbient
DA techniques
provide
most valueonfora T&D
simulations. Large-N (N=10,530) Seismic Deployment in the Vienna Basin
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Case Study for IS26

1
1
The Vienna Basin
is 1the
petroleum
basin
Austria.
of the2,ongoing
P. Hupe
, L. largest
Ceranna
, C. Pilger
, M.inDe
Carlo2,As
A. part
Le Pichon
B. 3, M. seismic
Rapp4 exploration for
hydrocarbon 1resources
in
the
basin,
a
large-N
(N=10,530)
dataset
of
continuous
seismic
recordings of the
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
2
ambient seismic
field
was
acquired
in
early
2018.
Data
were
recorded
on
geophones
(10-Hz
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France corner frequency)
3
and each location
was made
up of Center
12 or 24(DLR),
densely
clustered
geophones, which
were
stacked to increase signalGerman
Aerospace
Institute
of Atmospheric
Physics,
Oberpfaffenhofen-Wessling,
to-noise ratio. Data
were
collected
by
these
geophone
clusters
for
up
to
6
days,
recorded
only during day time.
Germany
4
The station locations
are
distributed
on
a
grid
of
roughly
40m
by
400m
and
cover
an
area
of about 500km2.
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Here, we present
the
first
insights
into
the
ambient
seismic
field
in
the
Vienna
Basin
retrieved
from this dataset.
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
We perform beam-forming
Germany to detect noise sources outside of the study area, as well as Matched Field Processing
to detect and locate noise sources at the surface inside of it. The wave-field is dominated by cultural noise. Inside
Contact:
patrick.hupe@bgr.de
the network, noise
is mainly
generated by cars on streets, trains on railways, activity in town centers, and also
wind turbines. Outside the network, we map the city of Vienna as a major contributor to noise.
In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
Y relation.
T1.2-P72
Function
of thesimulations
IMS Stations
in Africa
modelled
basedReceiver
on operational
ocean Analysis
wave interaction
and a Located
semi-empirical
attenuation
This relation strongly depends
on
the
middle
atmosphere
(MA)
dynamics;
however,
vertical
temperature
and
1
2
3
M. Wanyaga
, J. Andriamampandry
, R.(NWP)
Al-Abboodi
wind profiles, provided
by numerical
weather prediction
models, have exhibited significant biases when
1
of Nairobi,
Kenyasoundings. A fully autonomous LiDAR for MA temperature
compared with2 University
high-resolution
LiDAR
Institute
and
Observatory
of Antananarivo
(IOGA),inMadagascar
measurements 3was installed at IS26 for estimating
uncertainties
the modelled amplitude. Temperature and
Iraqiconsidering
National Monitoring
Authority,
Iraqwere added to the operational high-resolution
wind perturbations,
observed biases
and Bagdad,
deviations,
atmospheric model
analysis
produced by the European Centre for Medium-Range Weather Forecasts. Such
Contact:
maggie.wanyaga@yahoo.com
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
The International
Monitoring
SystemIncorporating
of the Comprehensive
Nuclear-Test-Ban
Treaty
Organization
(CTBTO)
using
the direct NWP
model output.
realistic wind
and temperature
uncertainties
in NWP
models,is
now
composed
of
18
seismic
stations
all
over
Africa.
Initially,
those
stations
has
been
installed
to
detect
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding ofany
a
nuclear explosion
in the region
and from
all over
the world.
The
Signatories
of the
treaty has access to
station’s
detection capability
throughout
a year;
especially
during
theStates
hemispheric
summer
seasons.
those data in near real time and gets the opportunity to use them for their research and analysis. In this regard, we
performed receiver function analysis. 9 of those 18 stations were used, to obtain an average seismic velocity Vp
model in the direction North-East South-West of Africa. The result shows that the average depth of the upper

242

Science
and Technology
CTBT:CTBT:
Science
and Technology
20192019

mantle
with the lower
mantle (Moho)Boundary
is around 30km.
Theas
result
from the stations
in theInfrasound
North-East of
T1.1-O3
Atmospheric
Layer
a Laboratory
forinstalled
Modeling
Africa shows a shallower
Moho
than
those
installed
in
the
South-West.
It
can
be
explained
by
the
geological
Propagation and Scattering in the Atmosphere
structure of the Somalian plate at the East African rift. Further research is ongoing to provide more explanation
regarding this fact I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
2
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T1.2-P73 Recent Seismicity
Davie
Ridge/Fracture Zone

Contact: igor.chunchuzov@gmail.com
J.K. Mulwa
Department
of Geology,
University
of Nairobi,
Kenyalayered structure of a stably stratified atmospheric
The experimental
results
of studying
the effect
of a fine-scale
boundaryContact:
layer (ABL)
on
fluctuations
of
the
parameters
of acoustic pulses generated with a certain period (1
josphat_mulwa@yahoo.com;jkmulwa@uonbi.ac.ke;josphat201590@gmail.com
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Daviethin
Ridge/Fracture
the seaward
eastern
(Kenya
Valley) ofarrivals
the of
layers of theZone,
ABL considered
have been as
retrieved
using extension
the wave of
forms
and branch
travel times
of Rift
the recorded
East African
Rift the
System
(Mougenot
et that
al., the
1986),
is a 2200
km-long prominent
relic fracture
zone
that cuts
pulses from
source.
It is shown
mechanism
of scattering
of pulse signals
in a stably
stratified
ABL is
acrosssimilar
the West
Basinof(Coffin
andofRabinowitz,
1988;
Grimison
and by
Chen,
1988).
It ranges
to theSomali
mechanism
scattering
signals from1987,
ground
surface
explosions
layered
nonhomogeneities
between
30 and
120 km
wide,
with a west-facing
scarp along
lower
half of its length,
thatofrises
as much
as
of wind
velocity
and
temperature
in the stratosphere
andthe
lower
thermosphere.
The role
similarity
parameter
2300 here
meters
above
sea floor (Scrutton,
al., 1986). Earthquakes
as deep
km have
place
the the
dimensionless
thickness1978;
of theMougenot
reflecting etnonhomogeneous
layers, which
is as
the40vertical
scale of
been the
recorded
DaviebyRidge
(Grimison
and Chen,
However,
of recent
seismic
layer below
multiplied
the relative
difference
in 1988).
effective
sound evaluation
velocity and
normalized
bydata
the for
vertical
the purpose
of this
study
shows
thatinhomogeneities
M ≥ 5.0 earthquakes
at relatively
shallow of
depths
of 10 -and
30 arrival
km aretimes
a of
wavelength.
The
effect
of such
on the temporal
fluctuations
the azimuth
common
occurrence
along The
the estimation
Davie Ridge
in the
channel.
Thesources
earthquake
focal
mechanism
the signals
is studied.
of the
errorMozambique
in localization
of pulsed
is given.
Acknowledgement:
indicates
thewas
Davie
ridge is
by normal faulting with occasional obligue faulting. Since early
Thisthat
work
supported
bycharacterized
RFBR N 18-55-05002
2018 through 2019, the Davie ridge has been characterized by high frequency of earthquakes occurrence. This
paper presents a review of these earthquakes and their implications on the stress changes along the Davie
ridge/fracture
zone. Climate Change Through the Eyes of Radioisotopes
T1.1-O4
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The establishment of National Data Centers by states members has really helped in the monitoring and
Cosmogenic
sodium-22 Vienna,
are known
atmospheric
tracers
be used
together
verification
effortsradionuclides
of the CTBTOberyllium-7
Preparatoryand
Commission,
Austria
(CTBTO).
The and
corecan
mandate
of the
in aislock-in
effectively
trace
vertical
air masses
based
onAfrican
surface countries
measurements.
This technique
CTBTO
to ban technique
all nucleartotest
explosions.
Almost
all the
central and
East
have signed
and
allows
to studyTo
progression
and speed
atmospheric
cells. built
Data on
show
the cellsofare
decelerating
during the
ratified
the CTBT.
monitor nuclear
test of
explosions,
systems
thethat
principles
seismic,
infrasound,
summerand
period
which is extending
in time.
This is caused
the whole
troposphere
and increased
radionuclide
hydroacoustic
technologies
are installed
around by
thewarming
globe to of
record
and monitor
man-made
and
tropopause
height due
to is
rising
CO2 concentrations.
Aestival
episodes
of persistent high-pressure
systems
natural
events. Zambia,
being
a beneficiary
of the seismic
data from
the International
Data Centre (IDC)
to over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
monitor earthquake activities in the country complementing the efforts of the government of the republic of
deceleration
of activity
atmospheric
cellZambian
movement.
This
demonstrates
22Na
can magnitudes
be used as indicators
Zambia.
Earthquake
around
areas
is more
diffused that
and 7Be
with and
surface
wave
ranging for
several depending
side effectsonofthe
climate
change while
providing
a new
modelling
in seasonal
from confirming
1 to 4.9. However,
site conditions,
the damage
to the
structures
may tool
be increased
due weather
to
forecast.
the effects
of large earthquakes emanating from the Lake Kariba area and Earthquake activity within and around
the Copperbelt may sometimes be triggered (induced) by mining activities, which may also have an increased
and sustained damage on the structures, because of the frequent vibrations caused by mining blasts.
1
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Detection Efficiency of the IMS for Bolides

P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.2-P75 Revisiting the 2018 Kalibening Earthquake Sequence in Central Java: Call
for the Revision of Earthquake HazardT1.1 Atmospheric Dynamics
R. Sipayung1, D. Sianipar12, S. Prayoedhie1, D. Daryono1, J. Arifin1, A. Simanjuntak1,
M. Umar23, S. Prabu1, G. Daniarsyad1, H. Haryanta1, N. Putranto1, A. Azimi1
Oral Presentations
1
Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG), National
Seismological Center, Jakarta, Indonesia
2
National Central University of Taiwan, Taoyuan City, Taiwan
T1.1-O1 Application
of Advanced Data Assimilation Techniques to Improve
3
2
Tsunami and Disaster Mitigation Research Center (TDMRC), Syiah Kuala University, Bandah
Atmospheric
Transport and Dispersion Predictions
Aceh, Indonesia
N.
Heath, setyoajie.prayoedhie@bmkg.go.id;setyoajie.p@gmail.com
A. Suarez-Mullins
Contact:
Air Force Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA
As moderate devastating earthquake that impacted the economic loss was about $ 1.68 million US, the 2018
Contact: nicholas.heath@us.af.mil
Kalibening earthquake
quite shocked where the faulting mechanism still unconfirmed. There was no reference
indicating
the
existence
the faulting
zone exactly
on therealistic
earthquake
sequence.transport
We takeand
a benefit
from (T&D)
seismic
Accurate meteorological of
modeling
is critical
for obtaining
atmospheric
dispersion
temporary
network
with
the
density
±2
km,
which
deployed
while
a
macroseismic
survey
in
purposing
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Twoto
evaluate philosophies
the 2018 Kalibening
earthquake
sequence.
Earthquake
relocation
using
double
difference
combined
common
are nudging
and variational
DA.
Traditionally,
nudging
is used
in T&D,
whereas
more
with
crosscorrelation
and
determining
earthquake
moment
tensor
inversion
solution
using
near
source
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques
are
seismogramsinwere
We
suggested
deformation
scheme
thistoearthquake
with
thrustadvanced
faulting with
investigated
orderapplied.
to assess
their
specificthe
impacts
on T&D
resultsofand
determine if
theamore
DA
307.5/ 28.8/
118.5
(Strike/ forecasting
Dip/ Rake) can
as aberesult
from mainshock
and supported
aftershock
tensor
techniques
used
in weather
employed
for T&D applications.
Theby
two
methods moment
are applied
in
solutions.
This
parameter
consistent
to
aftershocks
relocation
results
which
formed
a
lineation
trending
NW-SE
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
appropriate
with Strike
= 307.5.
cross-section
exhibits aftershocks
pattern
which elongated
deeper and
and
First,
WRF results
are verified
andThe
validated
against available
measurements
of temperature,
wind speed,
formed
a
slope
from
SW
to
NE
approximately
fit
to
Dip
=
28.8.
The
results
from
investigating
the
background
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
seismicityTrajectory
in Banjarnegara
combinedtracer
catalog
(ISC-USGS-BMKG)
compared
to BJI bias,
(single
station)
Integrated
model.Region
Usingusing
the COSTEX
observations,
the correlation,
fractional
figure
of
showed
the
sparse
and
the
lacking
of
InaTEWS
seismic
network
configurations.
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D

simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
T1.2-P76 S-wave Velocity Structure Beneath PS14-ROSC Station Using Microtremor
simulations.

Arrays
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P. Pedraza García, H. García, L. Castillo
Assessing
Middle Atmosphere Weather Models Using Lidar and Ambient
Colombian Geological Survey, Bogota, Colombia
Noise: A Case Study for IS26

Contact: ppedraza@sgc.gov.co
P. Hupe1, L. Ceranna1, C. Pilger1, M. De Carlo2, A. Le Pichon2, B. 3, M. Rapp4
1
The PS14-ROSC
stationInstitute
was certified
as a CTBTO
Station
since
2003. The
station is located in
Federal
for Geosciences
andPrimary
NaturalSeismic
Resources
(BGR),
Hannover,
Germany
Rosal close to2 Commissariat
the ColombianàNational
Seismological
Network
headquarters.
The
ambient
seismic
noise around
l’énergie atomique et aux énergies alternatives (CEA), France
the station has3 German
increasedAerospace
since it was
installed.
With
the
purpose
of
improving
the
signal-to-noise
ratio,
reducing
Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
noise and improving
seismic
data
quality
we
have
proposed
to
deepen
the
seismometer
vault.
In
order
to
estimate
Germany
4
the S-wave velocity
structure
beneath
the
vault
we
conducted
microtremors
arrays
measurements
(radius
from 60
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
cm up to 25 m).
We
calculated
the
dispersion
curve,
the
Vs
velocity
profile
and
H/V
ratio
at
the
site.
We
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
estimated an average
Vs30 value of 203 m/s that classifies the soil as a Soil Type D or stiff soil according to
Germany
Colombian Building Code NSR-10. The H/V noise ratio exhibits a peak around 6.65 Hz corresponding with Vs
Contact:
patrick.hupe@bgr.de
400m/s at a depth
of 20m
in the S-wave velocity profile. Other geophysical measurement are required to know
more
characteristics
of
the
bedrock.
In routine processing of IMS
infrasound data at the IDC, microbaroms with dominant frequencies ranging from

0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
T1.2-P77
Geohazard
Monitoring
the Baringo
Geothermal
Prospect
in
modelled
basedSeismic
on operational
ocean wave
interactioninsimulations
and aSilali
semi-empirical
attenuation
relation.
This relation strongly
depends
on the middle atmosphere (MA) dynamics; however, vertical temperature and
Northern
Kenya
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
Mutua, D. Mutungwa
compared withF.M.
high-resolution
LiDAR soundings. A fully autonomous LiDAR for MA temperature
Geothermal
Kenyain the modelled amplitude. Temperature and
measurements was installedDevelopment
at IS26 for Company,
estimating Nairobi,
uncertainties
wind perturbations,
considering
observed
biases
and
deviations,
were added to the operational high-resolution
Contact: fredmachokaa@gmail.com;fmutua@gdc.co.ke
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
Plans to develop
geothermal
resources
in the Baringo-Silali
Block
in actual
the northern
segment
of the Kenya
by
uncertainties
in horizontal
winds
and temperature
explain 97%
of the
detections,
compared
to 77%Rift
when
Geothermal
Development
(GDC), is atrealistic
an advanced
stage.
The company
has installed
tenmodels,
seismic
using
the direct
NWP modelCompany
output. Incorporating
wind and
temperature
uncertainties
in NWP
stations around
Paka and Korosi
volcanoes,
within thecan
Kenyan
system, to improve
monitor seismicity
for sustainable
obtained
by high-resolution
LiDAR
measurements,
thus rift
significantly
the understanding
of a
development
of the
resourcethroughout
and as parta of
geohazard
monitoring
to, and following
the exploitation of the
station’s
detection
capability
year;
especially
during theprior
hemispheric
summer seasons.
geothermal resources hosted in the prospects. The geohazard monitoring work entails obtaining and analyzing
seismicity data, and determination of how pulses of activity are distributed over time. Monitoring of seismic
events is also being done in order to obtain insights on the intensity, size, type, and distribution of micro244
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earthquakes
(MEQs),
which will aid
in subsequently
associated
Double
difference
T1.1-O3
Atmospheric
Boundary
Layer determining
as a Laboratory
forhazards.
Modeling
Infrasound
relocations were used to obtain high earthquake locations and identify major swarms located in both crater
Propagation
and Scattering
in the on
Atmosphere
summits. The swarms
showed a pipe-like
pattern of seismicity
the southwestern part of Paka crater summit,
1
1 volcanic center.
1 therefore, presents
while Korosi, displayed
minor
seismicity
around
the
paper,
seismic 2
I. Chunchuzov , S. Kulichkov , V. Perepelkin1, This
O. Popov
, A. Vardanyan2, G.the
Ayvazyan
monitoring report for1 A.M.
data obtained
from
August
2012
up
to
July
2018
in
Paka
and
Korosi
prospects
that
lieRussian
in
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow,
Baringo-Silali geothermal
block.
Federation
2

Barva Innovation Center, Talin, Armenia

Contact: igor.chunchuzov@gmail.com

T1.2-P78 Seismic Hazard Assessment for Madagascar Y

The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
R.layer
Tsiriandrimanana
boundary
(ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
School
of Geosciences,University
the Witwatersrand,
Johannesburg,
South velocity
Africa fluctuations in the
min) by an artificial
detonation source areof presented.
The vertical
profiles of wind
thin layers
of the tsitsikel@gmail.com
ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Contact:
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Seismic
hazard
for Madagascar
on Probabilistic
analysis
(PSHA)nonhomogeneities
method is
similar
to assessment
the mechanism
of scattering based
of signals
from groundseismic
surfacehazard
explosions
by layered
carriedofout.
An
earthquake
catalogue
was
compiled
from
data
combined
between
two
sets
of
bulletins
by parameter
the
wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity
MACOMO
stations
NDC stations
between
events were
removed
the vertical
catalogue
here place
the and
dimensionless
thickness
of 1989-2016.
the reflectingDuplicate
nonhomogeneous
layers,
whichand
is the
scale of
was homogenized
to momentbymagnitude
(MW)
scale before
being declustered
to remove
earthquakes.
the layer multiplied
the relative
difference
in effective
sound velocity
anddependent
normalized
by the vertical
A seismotectonic
for Madagascar
developed from
recent
studiesfluctuations
was used for
seismic
wavelength.model
The effect
of such inhomogeneities
on the
temporal
of the
the delineation
azimuth andofarrival
times of
sourcethe
zones.
A
total
of
seven
areal
source
zones
were
identified
in
this
study.
Each
zone
was
characterized
in
signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
terms This
of itswork
recurrence
parameters
and
maximum
magnitude
using
the
homogenized
catalogue.
Seismic
hazard
was supported by RFBR N 18-55-05002
calculations were performed for a grid spacing of 0.50 x 0.50 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 0.5 s
Change
Through
Eyes
Radioisotopes
and 1.0T1.1-O4
s. Relatively Climate
high hazard
values were
observedthe
within
theof
central
regions of Madagascar.
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO
Preparatory
Commission,
Vienna,
Austria India
Seismic
Hazard
Scenario
in Western
Himalaya,
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
D. Shanker
TU Wien Atominstitut, Vienna, Austria
Indian5 Institute
of Technology,
Roorkee, and
India
University
of Natural Resources
Applied Life Sciences (BOKU), Vienna, Austria
6
Health
Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact:
dayasfeq@iitr.ac.in;drdsiitr27@yahoo.com
1
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lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
In the present studyContact:
Deterministic
Seismic Hazard Analysis (DSHA) has been carried out for the states of
Himachal
Pradesh
&
Uttarakhand.
Study investigates
the seismicity
from thetracers
year 1963
to 2017
with
Cosmogenic radionuclides beryllium-7
and sodium-22
are knowndata
atmospheric
and can
be used
together
Mw≥4.0
in
the
region
bounded
by
by
29°N
33°N
latitude
and
75°E
81°E
longitude
have
been
taken
from
the
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
catalogue
of USGS
ISC. The and
study
region
is one of thecells.
most Data
seismically
active
western partduring
of the
allows
to studyand
progression
speed
of atmospheric
show that
the regions
cells areofdecelerating
Himalaya,
Indiaperiod
and there
areisnumerous
seismic
present
in this region.
seismo-tectonic
summer
which
extendingmajor
in time.
This faults
is caused
by warming
of theEighty-nine
whole troposphere
and increased
sourcestropopause
in and around
Himachal
Pradesh
& Uttarakhand
were
identified.
Usingofanpersistent
appropriate
attenuationsystems
model over
height
due to rising
CO2
concentrations.
Aestival
episodes
high-pressure
the peak
horizontal
peak that
vertical
and thunderstorms
ratios of peak
horizontal
Europe
with lowaccelerations,
pressure gradients
led to accelerations
almost stationary
are vertical
correlatedtowith
the observed
accelerations
were of
computed.
For cell
thismovement.
purpose theThis
study
region wasthat
divided
into22Na
gridscan
of be
0.5°
by as
0.5°.
The for
deceleration
atmospheric
demonstrates
7Be and
used
indicators
estimated
peak
horizontal
accelerations
vary
from
0.02g
to
0.60g
and
peak
vertical
accelerations
vary
from
0.01g
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
to 0.47g.
The ratios of vertical to horizontal accelerations vary from 0.27 to 0.78. The PGA contour maps
forecast.
prepared for the region show that larger Peak Ground Accelerations are present in the region where there is a
higher density of larger faults and vice versa.
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Detection Efficiency of the IMS for Bolides

P. Brown,
N. from
Gi
T1.2-P81 Seismic
Impact
Earthquakes of Different Distance upon the Territory
University
of
Western
Ontario, London, ON, Canada
of Belarus
Contact: pbrown@uwo.ca
U. Aronau, R. Seroglazov, T. Aronava, O. Killiar
Monitoring
the National
Academy
of Sciences
Belarus,
In thisCentre
studyof Geophysical
we examined
344 of
bolides
(airbursts)
reported
on of the
JPLMinsk,
CNEOS website
Belarus
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
Contact:
vladislav@cgm.org.by;vladaronov@gmail.com
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
The analysis
of data
and information
strong
distant,
regional
andthan
local
was
global REB
detection
rate of ~10%about
averaged
from
2007-2018
is less
the occurred
"modern" earthquakes
rate (from 2014-2018)
performed.
monitoring
Belarus
the system
of that
continuous
round-the-clock
which Seismological
approaches 20%.
Above the in
1 kT
CTBTOrepresents
design threshold,
we find
40% of airbursts
are reported in
observations,
on-line
obtained
data multilevel
storage,
processing stations.
and analysis,
control with
of natural
the REB,
while data
moretransfer,
than 90%
are detectable
at one or
more infrasound
All airbursts
energy > 2
and artificial
seismic
a widesite
energy
distance
range.detected
All works
are performed
by the the
Centre
kT reported
on events
the JPLinfireball
sinceand
2007
have been
infrasonically.
However,
REBofis only
Geophysical
Monitoring
thewith
National
Academy detection
of Sciences
of Belarus
using reported
up-to-dateat seismic
equipment,
complete
above 15ofkT
the automated
system
not having
least four
airbursts with
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hard- and software, automated systems. The Catalogue of the Centre includes 60827 seismic events all over the
world for the period of 1965–2018. It was used MSK-64 macroseismic intensity scale to evaluate the seismic
T1.1ofAtmospheric
Dynamics
impact form the earthquakes of different distance upon the territory
the Republic of Belarus.
The formula of
Shebalin was used to calculate the intensity of seismic impact in the process. The investigation made it possible
to assess
a probable seismic influence for the territory of Belarus and adjacent areas. The active seismic zones
Oral
Presentations
producing earthquakes of enough power to cause ground shaking in the territory of Belarus were determined,
specified and mapped.

T1.1-O1 Application of Advanced Data Assimilation Techniques to Improve
Transport
and
Dispersion
Predictions
T1.2-P82 Atmospheric
Seismic Study
to Support
PSHA
in Greater
Caucasus (Azerbaijan)
N.
M.Heath,
AliyevA. Suarez-Mullins
Air
Force
Technical
Applications
(AFTAC),
Patrick
Air Force
Base, FL,Baku,
USA Azerbaijan
Geology and
Geophysics
Institute,Center
Azerbaijan
National
Academy
of Sciences,
Contact:
Contact:nicholas.heath@us.af.mil
mirzali.aliyev93@gmail.com
Accurate
meteorological
modeling is critical
for obtaining
realistic
atmospheric
transport
(T&D)in
Seismicity
is the severe stress-induced
geohazard
in Greater
Caucasus
(Azerbaijan).
Thereand
aredispersion
plenty of faults
predictions.
There
are
several
data
assimilation
(DA)
techniques
used
to
improve
meteorological
results.
Two
the studied area of Azerbaijan, most of them believed to be active. The probability of an unexpected earthquake
common
philosophies
are
nudging
and
variational
DA.
Traditionally,
nudging
is
used
in
T&D,
whereas
more
on such faults was quantified. In this study, classical Probability Seismic Hazard Assessment (PSHA) with two
sophisticated
variationalwas
techniques
are with
usedarea
in weather
forecasting.
these two
DA techniques
are
individual approaches
applied, one
sources based
mainly Here,
on clustering
of historical
earthquakes
investigated
in one
order
to assessof
their
specific
impacts on faults.
T&D results
and to determine
if thebased
moreon
advanced
DA
and the other
consisting
traces
of seismoactive
The earthquake
occurrences
probabilistic
techniques
in weather
forecasting
canoccurred
be employed
for T&D
applications.
The class
two methods
are regularities
applied in
theory wasused
assessed,
the sequence
of the
earthquakes
based
on the energy
distribution
the
Weather
Research
and
Forecasting
(WRF)
model
for
the
Colorado
Springs
Tracer
Experiment
(COSTEX).
and modern mathematic and statistical values were defined. The results show that the maximum earthquake of
First,
WRF
results areforverified
and validated
available
measurements
of seismic
temperature,
windofspeed,
and
Mw 8.0
is estimated
the western
area zoneagainst
and is used
to generate
one of the
scenarios
the region.
wind
direction.
Next
T&D
simulations
for
COSTEX
are
performed
with
the
Hybrid
Single-Particle
Lagrangian
This work was supported by the Science Development Foundation under the President of the Republic of
Integrated
Trajectory
model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
Azerbaijan-Grant
№ EİF/GAM-4-BGM-GİN-2017-3(29)-19/08/2.
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
T1.2-P84 Seismicity Along the Seismogenic Zone of Algarve Region (Southern
simulations.

Portugal)

T1.1-O2
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1
1
2
2
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Ecole
et Observatoire des Sciences de la Terre, Université de Strasbourg, 5, Strasbourg, France.
1
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
2 Contact: assiadib7@gmail.com;menad.abdiche@gmail.com
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
3
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
The seismicity of the Portuguese territory increases in intensity from north to south, with a spatial distribution
Germany
concentrated 4in the south and its adjacent Atlantic margins. The present seismological study, focused around
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Algarve region, it was carried out through a cooperation project between the Universities of Evora (Portugal),
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
Lisbon (Portugal), Strasbourg (France) and the IPMA (Lisbon, Portugal). To locate the seismic events and find
Germany
the local velocity structure of epicentral area, the P and S arrival timesat 38 stations are used(Geostar stations,
Contact:U.
patrick.hupe@bgr.de
telemetered network,
Lisbon and IPMA stations). The data used in this study were obtained during the
Algarve campaign, which worked, from January/2006 to July/2007. The preliminary estimate of origin times and
Inhypocentral
routine processing
of IMS
theHypoinverse
IDC, microbaroms
withLinearized
dominant frequencies
ranging from
coordinates
are infrasound
determineddata
by atthe
program.
inversion procedure
was
0.1
to
0.5
Hz
appear
in
overlapping
frequency
bands
and
are
considered
as
noise.
In
this
study,
microbarom
applied to comprise the following two steps: 1) finding the velocity model using Velest and 2) simultaneous
signals
were
as calibration
signals, and
amplitudes
at the This
German
IS26 awere
relocation
of used
hypocenters
and determination
of their
local velocity
structure.
workinfrasound
is expectedstation
to produce
more
modelled
based
on
operational
ocean
wave
interaction
simulations
and
a
semi-empirical
attenuation
relation.
detailed knowledge of the crust structure over the region of Algarve, being able to identify seismogenic
zones,
This
relationgenerators
strongly depends
on the
middle
atmosphere
dynamics; of
however,
temperature and
potentially
of significant
seismic
events
andalso (MA)
the identification
zones ofvertical
active faults.
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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Egypt has suffered from
a numerous
of destructive earthquakes such as Kalabsha earthquake (1981, Mag 5.4)
near Aswan city, Cairo earthquake (1992, Mag 5.9) and Aqaba earthquake (1995, Mag 7.2). The Egyptian
The experimental
results
of studying
effect of disasters.
a fine-scale
layered
structure
a stably
atmospheric
authorities
do a great effort
to mitigate
the the
earthquake
The
seismicity
at theofzones
of stratified
high activity
is
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
investigated in details in order to obtain the active source zones. Since the year of 1994 till now, the geodetic
min) bybyanmeans
artificial
detonation
source to
arecover
presented.
The vertical
of windThese
velocity
fluctuations
observations
of GPS
were applied
some other
regions profiles
of the country.
regions
include in the
thin
layers
of
the
ABL
have
been
retrieved
using
the
wave
forms
and
travel
times
of
the
recorded
arrivals of
Sinai, Gulf of Suez, Greater Cairo, Aswan and the Middle part on the River Nile. Data adjustment and analysis
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
of repeated GPS campaigns using Bernese Software prevailed significant movements which may help inABL is
similar tothethe
mechanism of
of these
scattering
of signals
from ground
surface
explosions
layered
nonhomogeneities
understanding
geodynamics
regions.
In the meantime,
GPS
measurements
of by
crustal
motions
for 200
of
wind
velocity
and
temperature
in
the
stratosphere
and
lower
thermosphere.
The
role
of
similarity
parameter
sites extending east-west from the Caucasus Mountains to the Adriatic Sea and north-south from the southern
here
the dimensionless
thicknessedge
of the
nonhomogeneous
layers,
is the vertical
scale of
edge of
theplace
Eurasian
plate to the northern
of reflecting
the African
plate were carried
outwhich
and estimate
of plate
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
motions at stations were determined. From the previous results, we could find there are some correlations
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
between the computed surface deformation and the earthquake occurrences.
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T1.2-P88 Seismicity of the Okavango Delta Region: Contribution of IMS and Local
Stations
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Climate Change Through the Eyes of Radioisotopes
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The Okavango Delta4 TU
region
(ODR)in
Botswana
is one
of the largest alluvial fans on earth and is hosted in a
Wien
Atominstitut,
Vienna,
Austria
graben structure that 5could
be theofterminus
a southwesterly
extension
of the East
AfricanVienna,
Rift System
(EARS).
University
Naturalof
Resources
and Applied
Life Sciences
(BOKU),
Austria
The delta comprises6 Health
the upstream
the downstream
mega-fan
Canada,panhandle
Radiation and
Protection
Bureau, Ottawa,
ON, situated
Canada in the middle of the
Kgalagadi Basin. The ODR has been observed to be characterized by the highest level of seismicity compared
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
with other regions of Botswana. Data from the online bulletin of the International Seismological Centre (ISC)
showsCosmogenic
that many ofradionuclides
the seismic events
in theand
ODR
have been
by distant seismic
beryllium-7
sodium-22
aredetected
known atmospheric
tracersstations
and canatbedistances
used together
beyondin500
km
from
the
heart
of
the
delta,
thus
resulting
in
relatively
poor
location
determinations.
WeThis
present
a lock-in technique to effectively trace vertical air masses based on surface measurements.
technique
the results
based
on
the
data
recorded
by
seismic
stations
deployed
in
the
Network
of
Autonomously
Recording
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Stations
(NARS)-Botswana
The station
distribution
duringbythis
project of
allowed
for better
computation
of
summer
period whichProject.
is extending
in time.
This is caused
warming
the whole
troposphere
and increased
focal mechanism
characterization
fault
system of the Aestival
region. We
also use
in thehigh-pressure
region (LBTB,systems
LSZ, over
tropopause and
height
due to rising of
CO2
concentrations.
episodes
of IMS
persistent
BOSA,Europe
MATP,
TSUM,
and SUR)
and other
regional
stations
to review
the location
seismic with
events
with
low pressure
gradients
that led
to almost
stationary
thunderstorms
are of
correlated
thethat
observed
occurred
before installation
the local
monitoring
stations.
deceleration
of atmospheric
cell
movement.
This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T1.2-P89 Seismo-Tectonic Evaluation of December 13, 2009 Chittagong Earthquake
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The December 13, 2009 earthquake and its aftershocks were generated near the Chittagong folded belt. This
Contact:
pbrown@uwo.ca
active earthquake source
structure
is located near the subduction zone of the India-Myanmar plates boundary.
The generation
of
earthquakes
larger
than344
5 indicates
the region is
tectonically
such thrust
In this study we examined
bolidesthat(airbursts)
reported
on active
the and
JPL asCNEOS
website
faults (https://cneos.jpl.nasa.gov/fireballs/)
are capable of generating future large
earthquakes.
Chittagong
and
Chittagong
hill
tracts
districts
are
between 2007-2018 and attempt to correlate these with infrasound
locateddetections.
on the folded
sedimentary
tertiary
age.detectable
The focalbymechanism
bearsstation
information
on the
We found
206 of rocks
these of
bolides
were
at least oneanalysis
infrasound
while only
42 were
seismicautomatically
fault and tectonics
of
the
earthquake
source
region.
The
tectonic
movement
along
Point
Chittagong
is 5.5 this
registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However,
cm/y with
direction
NNE. Using
the~10%
data set
from the
event
area saome
areasthan
have
= 0.71 andrate
some
b = 2014-2018)
0.61.
global
REB detection
rate of
averaged
from
2007-2018
is less
theb "modern"
(from
This b-value
may
indicate
the
situation
of
crustal
deformation
of
the
area.
Low
b-values
of
the
event
area
suggest
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
that the
has more
large than
potential
for detectable
future large
earthquake.
The subduction
structure
of Bangladesh,
the ground
REB, while
90% are
at one
or more infrasound
stations.
All airbursts
with energy > 2
Myanmar
continuesontothe
Andaman
Islands
and2007
to Sumatra.
So detected
the background
of historical
earthquake
andis only
kT reported
JPL fireball
sitearea
since
have been
infrasonically.
However,
the REB
recent complete
low to above
medium
magnitude
earthquakes
in
this
area
indicate
that
the
possibility
of
damaging
15 kT with the automated detection system not having reported at least four airbursts with
earthquakes cannot be ruled out.
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T1.2-P92 Seismotectonics of Southern Africa
T. F. Mulabisana
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T1.1 Atmospheric Dynamics

Contact: tmulabisana@geoscience.org.za;tmulabisana@gmail.com
Oral Presentations
Assessment of seismic hazard is challenging especially for low seismicity regions like southern Africa, where
association of seismicity to causative faults is difficult as most of these faults are buried and show no surface
T1.1-O1
Application
of Advanced
Assimilation
Techniques
to Improve
rupture. However,
the availability
of goodData
quality
data from improved
monitoring
of earthquakes, recent
Atmospheric
Transport
Predictions
geological, geodetic
and geophysical
studies,and
haveDispersion
made it possible
to prepare an updated seismotectonic map of
the region. The recognition and detailed mapping of historical and quaternary surface faulting in many zones of
N. Heath,
A.led
Suarez-Mullins
neotectonic activity
have
to recent improvements in seismic hazard studies. The seismotectonic map assists
Air
Force
Technical
Applications
Centerearthquake
(AFTAC), Patrick
Base,
FL,out
USA
in the delineation of seismic hotspots
and potential
sourcesAir
in Force
order to
carry
a proper seismic
hazard assessment
using
state of the art methodologies. Thus, in the study to prepare the seismotectonic map,
Contact:
nicholas.heath@us.af.mil
concerted efforts were made to identify active faults and characterize them. To assist in that effort, stress data
Accurate
modeling
critical for
obtaining
realisticand
atmospheric
and dispersionfaults
(T&D)
compiledmeteorological
mostly from fault
planeissolutions,
were
also obtained
could be transport
used in characterising
and
predictions.
Therezones.
are several
assimilation
(DA) techniques
to improve meteorological
results. to
Two
seismic source
It is data
hoped
that the information
in theused
seismotectonic
map will contribute
the
common
philosophies
are nudging
andhazard
variational
DA. Traditionally,
nudging is used in T&D, whereas more
preparation
of more accurate
seismic
assessments
for South Africa.
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
T1.2-P95 Sinkhole Process Interpretation Based on Shear Wave Seismic Reflection
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
Results
at Ghor
Dead
Sea measurements of temperature, wind speed, and
First, WRF results
are verified
and Al-Haditha,
validated against
available
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
H. Alrshdan
Integrated Trajectory
Using the
COSTEX tracer
observations,
the correlation, fractional bias, figure of
Jordanmodel.
Seismological
Observatory,
Amman,
Jordan
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations andContact:
identify hussam.rshdan@memr.gov.jo
which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
Since nearly 30 years - apparently contemporaneous to the rapid decrease of the Dead Sea level – ongoing
simulations.
unknown sinkhole processes in the subsurface continuously compromise farming areas, housings, industrial
sites, and infrastructure at the investigation site, resulting in massive destructions. Similar processes are observed
also at the western border of the Dead Sea. Although many geophysical studies have been carried out at the site
T1.1-O2
Assessing
Atmosphere
Models
anduntil
Ambient
since more than
20 years,Middle
the subsurface
structure Weather
and the process
itselfUsing
is quiteLidar
unknown
yet. In recent
Noise:
A Case
Study
for IS26
years, a massive
salt layer
at 35-40
m depth
was proposed below alluvial fan deposits, which was originally the
target of this reflection
seismic pilot1 study. In October
2013 and
October 2014,
a shear
wave 4reflection seismic
1
1
2
2
3
P. Hupe
,atL.the
Ceranna
, C. Pilgersinkhole
, M. Desite
Carlo
, A. Le close
Pichon
, B. village
, M. Rapp
study was carried
out
most
destructive
in
Jordan,
to
the
of Ghor Al-Haditha at
1
Institute
for Geosciences
and Natural Resources
the southeast2 Federal
border of
the Dead
Sea. Our interpretation,
supported (BGR),
by twoHannover,
boreholes,Germany
is that sequences of
Commissariat
à l’énergie
atomique
et the
auxseismic
énergiesdepth
alternatives
(CEA),
France
unconsolidated
alluvial
fan
deposits
dominate
all
of
sections,
starting
from
the top soil used by
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German
Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
farming to a depth
of atAerospace
least 200 m.
Germany
4
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T1.2-P98 Source
GermanyProcess Analysis of the 28 September 2018 Palu Earthquake (Mw 7.4)

Using Teleseismic Waveform

Contact: patrick.hupe@bgr.de
T. Yatimantoro, J. Murjaya, D. Karnawati, S. Rohadi
In routine processing
of IMS
infrasound
data at the IDC,
microbaroms
with dominant
frequencies
Indonesian
Agency
for Meteorology,
Climatology
and Geophysics
(BMKG),
Nationalranging from
0.1 to 0.5 Hz appear
in
overlapping
frequency
bands
and
are
considered
as
noise.
In
this
study, microbarom
Seismological Center, Jakarta, Indonesia
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
tatok.yatimantoro@bmkg.go.id;yatimantoro19@gmail.com
modelled basedContact:
on operational
ocean wave interaction simulations and a semi-empirical attenuation relation.
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
On Friday, 28 September 2018 (10:02:45 UTC) a large, damaging earthquake occurred in Palu, Central
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
Sulawesi, Indonesia. Based on BMKG analysis, the earthquake has a magnitude Mw 7.4, depth 11 km, and
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
epicenter of 0.2˚S - 119.89˚E. This event caused destructive secondary effects such as a tsunami, landslides,
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
liquefaction, and collapsed structures in many place in Palu city. Slip distribution and Source Time Function
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
(STF) were determined to investigate the causes of the earthquake. The investigation used 37 teleseismic
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
waveforms obtained through IRIS. The result of STF graphic modelling showed that 3 peaks of Moment Rate
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
Function (MRF) appeared during 35 seconds. This MRF is consistent with 3 asperity zones in the fault plane,
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
that consist of 2 asperities near the hypocenter and 1 shallow asperity located around 50 km south of
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
the hypocenter. Those asperities were presumably cracked and became the new sources of shaking while
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
movement of the strike-slip Palu earthquake Mw 7.4 was not yet finished. This phenomena was
suspected to cause a submarine landslide that generated the tsunami after the earthquake of Mw 7.4.
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We process continuous
data Innovation
downloadedCenter,
from the
IRIS
Data Management Center and recorded at the TA array
in Alaska to detect and
locate
P-wave
microseisms
using
a backprojection method. We backproject the energy to
Contact: igor.chunchuzov@gmail.com
a series of grid points covering the entire Earth, with ~400 km spacing. For each grid point — and an assumed
origin The
timeexperimental
— 10 min data
fromofeach
element
the Alaska
TA array
is extracted,
starting
with the
predicted
Presults
studying
the of
effect
of a fine-scale
layered
structure
of a stably
stratified
atmospheric
wave boundary
arrival time
by (ABL)
the 1Donak135
velocityofmodel.
For eachoftrace,
the processing
involves,
layer
fluctuations
the parameters
acoustic
pulses generated
withina succession,
certain period (1
removing
and applying
a filter
and aare
taper.
All traces
the array,
at distances
30–90 deg
from the in the
min)the
bytrend
an artificial
detonation
source
presented.
Theinvertical
profiles
of windofvelocity
fluctuations
grid point,
are stacked
fourth-root
stackingusing
method,
theforms
root-mean-square
amplitude
the stack
is
thin layers
of theusing
ABLahave
been retrieved
the and
wave
and travel times
of the of
recorded
arrivals
of
assigned
as the
power
of the specific
stack.
procedure isofrepeated
forofeach
grid
pointinand
for origin
timesABL is
pulses
from
the source.
It is shown
thatThe
the mechanism
scattering
pulse
signals
a stably
stratified
incremented
The backprojection
is applied
to datasurface
recorded
at the Alaska
TA array
during
similar by
to 5themin.
mechanism
of scatteringmethod
of signals
from ground
explosions
by layered
nonhomogeneities
2018. of
Wewind
estimate
the sources
of P-waveinmicroseisms
in theand
Atlantic
Pacific Oceans
compare
them with
velocity
and temperature
the stratosphere
lowerand
thermosphere.
Theand
role
of similarity
parameter
predictions
of wave-wave
interactions
from ocean
models
developed
under the WAVEWATCH
framework.
here place
the dimensionless
thickness
of the
reflecting
nonhomogeneous
layers, which III
is the
vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals
is studied. TheState
estimation
of the error
in localization
pulsedImaging
sources is given. Acknowledgement:
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Earth’s interior
and surface
are hard
present legibly
and
with sufficient
1
Nuclear
Research
Center
(SCK•CEN),
Mol,
Belgium
resolution in form of aBelgian
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Vienna,
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the physical
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to the purpose
imaging. Each
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of the
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Vienna,
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3D space. References: Bednárik, M., Kohút, I. 2012. Three-dimensional colour functions for stress state
visualisation.
Computers
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Bednárik,
Papčo,
Cosmogenic
radionuclides
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sodium-22
are known atmospheric tracers
and can M.,
be used
together
J., Pohánka,
V., Bezák,
V., Kohút,
I. , Brimich,
2016. Surface
strain
rateon
colour
mapmeasurements.
of the Tatra Mountains
in a lock-in
technique
to effectively
traceL.vertical
air masses
based
surface
This technique
regionallows
(Slovakia)
based
on GNSS data.
Geologica
Carpathica,cells.
67, 509
524, doi:
to study
progression
and speed
of atmospheric
Data– show
that10.1515/geoca-2016-0032
the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with
low pressure
gradients
that led toRegion
almost stationary
thunderstorms
T1.2-P103
Structure
of the
Ulaanbaatar
from Gravity
Data are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
1
confirming
several
side
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Kh2 of climate change while providing a new modelling tool in seasonal weather
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Brown,activity
N. Gi in Ulaanbaatar region has been activate since 2005. Therefore, This is a
In recent studies, theP.seismic
University
of
Western
Ontario,
London,
Canada
need for a more comprehensive study
on the
structure
of thisON,
region
where the highest density of population of
Mongolia lives. The Contact:
aim of thispbrown@uwo.ca
study is to obtain a map of structure of Ulaanbaatar region by gravity data and to
estimate the thickness of the sediments and the morphology of the basement of this area. This region includes
Ulaanbaatar
basin,
Nalaikh
and Bogduul
granite massif.
Since reported
2013, we on
havethe
carried
the ground
In this
study
we basin,
examined
344 bolides
(airbursts)
JPLoutCNEOS
website
gravity(https://cneos.jpl.nasa.gov/fireballs/)
survey, using the gravity meter CG-5
and has 2007-2018
collected more
2000 to
gravity
data. Result
that
between
and than
attempt
correlate
these shows
with infrasound
Ulaanbaatar
region
a complex
thickness
of sediments
Ulaanbaatar
is 150-400m,
detections.
Weisfound
206 ofblock
thesestructure,
bolides were
detectable
by at leastinone
infrasoundbasin
station
while only in
42 were
Nalaikh
basin- 800mregistered
and thickness
of of
thethe
Bogduul
granite
massif9 km.
The issued
results daily
are useful
for engineering
automatically
as part
Reviewed
Event
Bulletin
(REB)
by CTBTO.
However, this
seismological
studies
to evaluate
seismic
hazard of
the 2007-2018
Ulaanbaatarisregion.
global REB
detection
rate the
of ~10%
averaged
from
less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.2-P106 Tectonic Activity and Its Influence in the Increase of Earthquakes in Iraq
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Atmospheric Dynamics
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Oral Presentations
Iraq is a country subject to seismic activity associated in a belt Zacros-Taurus which is caused by the collision of
the Arab plate with the Eurasian plate. Where Arab plate is affected by three types of tectonic boundaries:
T1.1-O1
Application
of Advanced
Techniques
to Improve
divergent boundaries,
convergent
boundaries,Data
seamAssimilation
boundaries. Under
these attractions
the Arab plate moves
Atmospheric
Transport
andofDispersion
Predictions
north-east, leading
to the expansion
of the area
the Red Sea and
the Gulf of Aden on one hand and increasing
the collision at the mountains of Makran, Zacros and Torus on the other hand. We note this motion from time to
N. Heath, by
A. light,
Suarez-Mullins
time being represented
medium and strong earthquakes. The CTBTO Preparatory Commission, Vienna,
Air
Force
Technical
Applications
(AFTAC),
Patrick
Air Forceof
Base,
FL, USA regime, the
Austria (CTBTO) provides Member
States, in Center
accordance
with the
requirements
the verification
data from seismological
monitoring stations, one of the four techniques used by the organization to achieve its
Contact: nicholas.heath@us.af.mil
goals of making the world free of Nuclear weapons and supporting the scientific and practical side concerned
Accurate
modeling is and
critical
obtaining
realistic
transportactivity
and dispersion
with the meteorological
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usedwas
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results.
Twois
between(2017
– 2018)
and define
mb, Ml to determine
Mw which
of meteorological
increasing seismic
activity
common
shown. philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
T1.2-P107 Tectonic Plates Interactions and Detection Capabilities of the IMS Seismic
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
Stations
in the
Region
First, WRF results
are verified
andAfrica
validated
against available measurements of temperature, wind speed, and
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
U. O. Madu, A. Bisallah
Integrated Trajectory
theCommission,
COSTEX tracer
observations,
the correlation, fractional bias, figure of
Nigeriamodel.
AtomicUsing
Energy
Abuja,
Nigeria
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations andContact:
identify uchechi231@gmail.com;uchechi231@yahoo.com
which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
Monitoring seismicity and appropriately analysing the data are important for both scientific and civil
simulations.
applications. Correct analysis forms the premise for estimating the risks in intercontinental seismicity occasioned
by tectonic plate interaction. The International Monitoring Stations (IMS) seismic stations in the African region
consist of 9 primary and 15 auxiliary stations. Two earthquakes occurred in Indonesia (Indo-Australian plate) on
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and 16 April,
2016.Atmosphere
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The Study
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In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
Contact:
nooshin.najafipour@gmail.com
0.1 to 0.5 Hz appear
in overlapping
frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
Earthquakes began to occur in Seymareh dam -Central Zagros region, in Iran- soon after the filling of Seymareh
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
Dam in April 2012, with magnitude 4.7. In the present study, three datasets 2006/08-2011/04 (60 months before
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
impoundment), 2011/04-2016/03 (60 months after impoundment) and 2011/04-2018/10 are analyzed to study the
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
b-value. The b-value is calculated using the Gutenberg–Richter relationship. The estimated b-value of this region
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
before impoundment are found to be in good agreement with previously reported studies (b-value = 0.62, 60
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
months before impoundment). In the subsequent years after impoundment, the b-value shows an increase (bwind perturbations, considering observed biases and deviations, were added to the operational high-resolution
value = 0.72, 60 months after impoundment and B-value= 0.83, after impoundment). Also, the pattern of spatial
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
clustering of earthquakes show increase in clustering and migration along the dam site and two faults near it,
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
called Vizenhar and Gavar faults near North-East of dam site. The results of this investigation indicated that
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
reservoir-induced earthquakes might have resulted from the release of energy accumulated by impoundment of
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
the reservoir, although we are just in the beginning of our long-term study.
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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faultIMS
systems.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.2-P113 The Relationships of Subparallel Synthetic Faults and Pre-Existing
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process
border Patrick
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and strain is then
Force Technical
Applications
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accommodated within the hanging wall. The Malawi Rift provides an opportunity to study how Inherited
Contact:
nicholas.heath@us.af.mil
structures affect
evolution
of these faults for a young, active and magma-poor continental rift. Two faults in
central Malawi (Chirobwe-Ntcheu and Bilila-Mtakataka) may show the transference of strain into the hanging
Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
wall and a strong control from inherited structures. Our preliminary results show that the strike of each fault is
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
approximately NW-SE, consistent with the Precambrian fabric. The magnetic fabric has a strike of NW-SE in
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
the south changing to NE-SW in the north suggesting that the faults are controlled in part by an inherited
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
Precambrian fabric. The apparent throw profile of Chirobwe-Ntcheu consists of three segments with a large
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
throws consistent with a mature fault whereas, the inner Bilila-Mtakataka fault is asymmetric and displays five
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
fault segments supporting the interpretation that this is a relatively young fault. The aeromagnetic data utilizing
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
Source Parameter Imaging for approximate depth to basement and 4 cm resolution DEMs created by unmanned
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
aerial system (UAS) will support the apparent throw profiles derived from the SRTM and documenting the
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
regional Precambrian foliation.
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
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signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
This
relation strongly
depends Network
on the middle
atmosphere (MA) dynamics; however, vertical temperature and
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wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
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atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
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from single
analog
station throughout
to the current
three
components:
Choosing
and installing
equipment for seismic
stations - Designing and setting up seismic networks and arrays - Maintaining and calibrating seismic
instruments, digitizers, seismic recorder, communication systems and Software used for seismic stations and
networks. The aim of the network is to monitor seismic activities in Zambia and surrounding areas to inform the
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processes. seismic stations are operating within the Hindu Kush Mountains within a joint project, forming the
largest seismic network in Afghanistan. The network is situated on top of the nest of intermediate depth
seismicity and further west in the Afghan platform, aiming to resolve the crustal structure and seismicity within
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between 2007-2018 and attempt to correlate these with infrasound
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detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
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2014 located on top and vicinity of the drilling site. Moreover, we included a number of permanent stations in
the region in order to improve the path coverage and density. Cross correlations of ambient noise are computed
Atmospheric
Dynamics
between the station pairs. Dispersion curves of surface wavesT1.1
are extracted
in the 0.07 to 3 Hz
frequency band
and are then inverted to obtain group velocity maps. We present here a new velocity model of the upper crust,
whichPresentations
shows that velocity variations at short periods correlate well with geology of the region.
Oral
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The AlpArray seismic network stretches hundreds of kilometers in width and more than thousand kilometers in
Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
length over the greater Alpine region (Europe) consisting of around 250 temporary and 400 permanent
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
broadband stations. We utilize an array beamforming technique identifying the frequency dependence (40-150 s)
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
of the surface-wave phase-velocity vector. We observe deviations of backazimuths with respect to the great
sophisticated variational techniques are used in weather forecasting. Here, these two DA techniques are
circles, which form intriguing stripe-like patterns throughout the region. These stripe-like arrival-angle deviation
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
patterns can be caused by interference of diffracted wavefield after passing a single small-scaled velocity
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
anomaly. Using Rayleigh waves from two earthquakes under the Southern Atlantic Ocean and a grid search
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
inversion scheme, we located the anomaly at 10.5°N/15.0°E. Its width is 320 – 420 km, and its length matches
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
the 2500 km long upper mantle low-velocity region under the Cameroon Volcanic Line. The observation serves
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
not only as a detector of upper mantle heterogeneities, but it also allows to determine how phase and group travel
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
time delays and wavefront healing can affect global and regional tomographic studies. This has important
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
consequences for the local phase-velocity measurements as well.
simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
simulations.
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We use of the
2 modified Nakamura's method of H/V spectral relations for investigation of inner structure of the
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
Tunka basin 3(the Baikal rift system). The depression is a half-graben bounded from the north by the steeply
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
dipping Tunka fault. The sedimentary cover of the basin is represented by rift lacustrine, alluvial, volcanoclastic
Germany
sediments and
4 basalt flows. The measurements of ambient noise were made for long profiles crossing the basin,
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
as well as for profiles oriented across the strike of fault zones. The interpretation of submeridional section across
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
Tunka fault shows the vertical displacement of basement surface with amplitude at about first tens meters along
Germany
the fault plane. Further to the south on 5 km the inclined step is traced. The surface of this step is covered with a
patrick.hupe@bgr.de
basalt flows. Contact:
Obviously,
the main displacement which forms a deepest part of the basin is located to the south of
the end of the profile. The use of the method made it possible to establish the position of individual fault
Inbranches
routine processing
of of
IMS
at the
IDC, microbaroms
with faults
dominant
frequencies
ranging
from
in the zones
theinfrasound
seismicallydata
active
Baikal-Mondy
and Tunka
under
the Cenozoic
sediments
0.1
to
0.5
Hz
appear
in
overlapping
frequency
bands
and
are
considered
as
noise.
In
this
study,
microbarom
and allows to determine the thickness of the sediments.
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
1
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The experimental
results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
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according to the deep seismic sounding data [Krylov et al. 1981] and seismic Q-factor calculations [Dobrynina et
al., 2016].
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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P. Brown, N. Gi
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
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wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
Integrated Trajectory model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations
identify whichofDA
technique provides
the most realistic
results. Overalltothis
study provides
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guidance for the
at meteorological
T-Stations community as to which DA techniques provide the most value for T&D
simulations.
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processing of IMS
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0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
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uncertainties in the modelled amplitude. Temperature and
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using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
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obtained by high-resolution
LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
The Argentine submarine ARA San Juan went missing on 15th November 2017. The last confirmed contact was
from a location around 600 kilometres offshore the San Jorge Gulf, Argentina. In order to provide information
which could potentially help in the search for the ARA San Juan, CTBTO analysed data recorded by its
International Monitoring System (IMS). Two IMS hydroacoustic hydrophone stations, namely HA10 in the
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linkages within
between environment-related
SDG goals and
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Austria
targets, and the development
of Atominstitut,
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implementation.
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Model
for
Acoustic
Detection
of Baleen Whales
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together

in a lock-in
to Chandrayadula
effectively trace vertical air masses based on surface measurements. This technique
N.R.technique
Pinto, T.K.
allows toIndian
studyInstitute
progression
and speed of
atmospheric
of Technology,
Madras,
India cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Contact:
tropopause
height nikitapinto8@gmail.com;nikitaroseannpinto@gmail.com
due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe
with
low
pressure
to almost
stationary
are correlated
with the
observed
The HA08 hydrophone triads togradients
the norththat
andled
south
of Diego
Garciathunderstorms
constantly record
low frequency
whale
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
calls. This work develops detectors for different types of blue whales; the Antarctic, Sri Lankan, Madagascan, for
side effects
of climate
change while
providing adetectors.
new modelling
tool
seasonal weather
and anconfirming
unidentifiedseveral
type. There
are significant
challenges
for constructing
The calls
areincomplicated,
forecast.
and show variations in intensity across frequency bands, and within the three hydrophones of a triad. There is

hence a variability to the Signal to Noise Ratio (SNR) available for detection. A major cause for the variability is
the scattering due to the island bathymetry. This work proposes a robust framework to overcome these issues in
T1.1-O5
of the IMS
for Bolides
two stages.
The firstDetection
stage uses Efficiency
subspace approaches
to detect
calls across respective frequency bands. The
second stage compensates for the SNR variability to improve the detection rates. In this stage, a distributed
P. Brown,
N. call
Gi frequencies, and the hydrophone triads. The other focus of this work is
approach fuses detections
across
University
of
Western
Ontario,
ON, Canada
building a three dimensional propagation model
to London,
predict sound
scattering, which helps suggest improvements
to the detector. Finally,
the work
uses a subset of calls (recorded over a year) to estimate the probability of
Contact:
pbrown@uwo.ca
detection. The new method has higher detection rates than results previously published in the literature.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Enabling Technology to Extend Life and Utility of Hydroacoustic Systems

T1.1 Atmospheric
J. Cummins, J. Reardon, S. Meehan, C. Christianson,
G. Cekada, R. Elliot
L3 MariPro, Inc., Goleta, CA, USA

Dynamics

Contact: john.cummins@l3t.com
Oral Presentations
The existing infrastructure of the six Hydroacoustic Systems spans remote locations of the world. The first of
these systems at Diego Garcia is reaching its 20 year life and consideration to the maintenance and replacement
T1.1-O1
Application
of Advanced
Assimilation
Techniques
to Improve
of the systems
is ongoing. This
presentationData
will discuss
opportunities
to incorporate
advancements in active
junction box Atmospheric
design, facilitating
the inclusion
wet-mate underwater
fiber optic connections in any future
Transport
andofDispersion
Predictions
upgrade, replacement, or repair of these systems. Recent analysis of the in-water triplet has shown that these
N. to
Heath,
A. Suarez-Mullins
units are likely
last much
longer than the 20 year life objective. During any future maintenance or repair, the
Air
Force
Technical
Applications
(AFTAC), Patrick
Air Force
Base, the
FL,serviceability
USA
inclusion of a junction box with wet-mate
fiberCenter
optic connectors
could help
to improve
of the
system and could
provide
opportunity
to
expand
the
system
to
new
co-located
science
research.
Contact: nicholas.heath@us.af.mil
Accurate meteorological modeling is critical for obtaining realistic atmospheric transport and dispersion (T&D)
predictions. There are several data assimilation (DA) techniques used to improve meteorological results. Two
T1.3-O7 Monte Carlo Simulation Tool for Maritime Operations Risk Reduction and
common philosophies are nudging and variational DA. Traditionally, nudging is used in T&D, whereas more
Enhancement
of IMS
Hydroacoustic
Network Here,
Sustainment
sophisticated variational
techniques
are used
in weather forecasting.
these two DA techniques are
investigated in order
to
assess
on
T&D
advanced
1 their specific impacts
1
1 results and1 to determine if the
2
M. Zampolli , G. Haralabus , J. P. Stanley , J. Mattila , K. L. Williams2, S.more
Dickinson
, DA
2forecasting can be employed
2
techniques usedG.
in S.
weather
for
T&D
applications.
The
two
methods
are
applied
in
Cram , M. J. Harrington
the Weather Research
and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
1
CTBTO Preparatory Commission, Vienna, Austria
2
First, WRF results
are verified
and validated
against
available
University
of Washington,
Seattle,
WA,
USA measurements of temperature, wind speed, and
wind direction. Next T&D simulations for COSTEX are performed with the Hybrid Single-Particle Lagrangian
Contact:
Mario.Zampolli@ctbto.org
Integrated Trajectory
model.
Using the COSTEX tracer observations, the correlation, fractional bias, figure of
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
Conducting successful and timely at-sea installation and sustainment of International Monitoring System (IMS)
simulations and identify which DA technique provides the most realistic results. Overall this study provides
hydroacoustic (HA) stations requires proactive management of the risks associated with challenging ocean
guidance for the meteorological community as to which DA techniques provide the most value for T&D
environmental conditions, such as those which prevail at remote IMS HA sites. To support the planning of
simulations.
maritime operations for the establishment of hydroacoustic station HA04 at the Crozet Islands located in the
Southern Ocean, one of the world’s most challenging ocean environments, the IMS HA team used an in-house
Monte Carlo simulation tool to estimate installation weather delay days using as input a database of historical
T1.1-O2
Assessing
Middle
Atmosphere
Weather Models
Using with
Lidar
and Ambient
ocean weather
records available
from
the local meteorological
station, together
a breakdown
of maritime
operational steps.
TheAmodel’s
predictions
Noise:
Case Study
for were
IS26found to be in good agreement with the actual outcome of the
installation. Based on1this experience
APL-UW1 were approached
for the development
of a sophisticated
Monte
1
3
4
HupeSimulation
, L. Ceranna
, C. Pilger
, M.
De general
Carlo2, at-sea
A. Le operations
Pichon2, B.performed
, M. Rapp
Carlo Mission1P.Time
(MMTS)
tool for
more
at various locations.
Federal
Institute forIIIGeosciences
andre-analysis
Natural Resources
(BGR),
Hannover,
Germany
MMTS uses NOAA
WaveWatch
oceanographic
data for the
assessment
of ocean
weather together
2
Commissariat
à
l’énergie
atomique
et
aux
énergies
alternatives
(CEA),
France
with a detailed
mission
planner
for
all
stages
of
the
maritime
operations.
The
MMTS
has
potential
applications
3
German
Aerospace
Center
(DLR),
Institute Commission,
of Atmospheric
Physics,
Oberpfaffenhofen-Wessling,
to other missions
associated
with the
CTBTO
Preparatory
Vienna,
Austria.
Germany
4
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
T1.3-O8 OOI
Cabled Array Winched Profiler Data for Improved Hydroacoustic
Germany

Analyses

Contact: patrick.hupe@bgr.de
L. Zurk, K. L. Williams, K. Rosburg, G. Cram, M. J. Harrington
In routine processing
of IMS
infrasound data
at the
University
of Washington
Seattle,
WA,IDC,
USAmicrobaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
Contact:
gmg@uw.edu;zurkl@uw.edu
signals were used
as calibration
signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
The Ocean Observatories Initiative Cabled Array (OOI-CA) commenced operation in 2014 with two trunk
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
cables extending offshore from the central Oregon Coast, that incorporate multiple science nodes which host
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
approximately 140 commercial and custom oceanographic instruments. With an operational life of 25 years, this
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
undersea network delivers ample power and real-time data acquisition to support sustained, continuous
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
observations of a wide range of oceanographic parameters over long periods of time. While many of these
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
instruments are installed on the seafloor, the Cabled Array includes three novel winched profilers, designed and
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
constructed at APL-UW, located on subsea moorings on the continental shelf, the abyssal plain, and flanking an
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
active undersea volcano. These highly capable profilers can each host up to 15 instruments and transit vertically
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
from 200 m to just below the surface up to nine times per day, unattended for one year between servicing
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
missions. Among the data provided by these systems are CTD observations made at 1 Hz. Temperature and
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
salinity profiles will be presented over the five-year operation of these profilers and related to the large scale
oceanography off the coast of Oregon. Adding ancillary instrumentation to CTBTO assets could allow similar
insights in other oceans.
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Propagation
Features
Propagation and Scattering in the Atmosphere
D. Dall'Osto
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1 Physics Laboratory, University of Washington, Seattle, WA, USA
Applied
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
Contact:
dallosto@apl.washington.edu
2
Barva Innovation Center, Talin, Armenia
Ambiguity in triangulation of events recorded on the IMS hydroacoustic network depend on the accuracy in
Contact: igor.chunchuzov@gmail.com
knowing when these events occurred. Considering only the direct "line-of-sight" propagation path to a station,
three stations
are neededresults
to pinpoint
an event
time. To
requirement,
of additional
The experimental
of studying
the effect
of aovercome
fine-scalethis
layered
structure consideration
of a stably stratified
atmospheric
signalboundary
features relating
to theonpropagation
can improve
triangulation.
Two such
features
layer (ABL)
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of the parameters
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pulses generated
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a certain
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modal
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of the
path;The
andvertical
(2) delayed
out-of-plane
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caused by in the
min)
by andispersion
artificial detonation
source
are direct
presented.
profiles
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refraction.
out-of-plane
arrivals
"virtual"
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of the Detection
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theeffectively
wave formsadd
andadditional
travel times
of the stations,
recordedwhile
arrivals of
characteristics
of
modal
dispersion
correspond
to
the
propagation
distance.
Thus
when
such
signal
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stablyfeatures
stratifiedare
ABL is
presentsimilar
in combination
with theofback-azimuth
information,
source triangulation
can bebyaccomplished
from a
to the mechanism
scattering of signals
from ground
surface explosions
layered nonhomogeneities
single of
station.
examination
of these signal
withinand
twolower
impulsive
acoustic events,
one
wind An
velocity
and temperature
in thefeatures
stratosphere
thermosphere.
The role
ofassociated
similarity with
parameter
the loss
of place
the Argentine
submarine thickness
San Juan of
andthe
thereflecting
other a planned
depth charge
deployed
weeks
later as
here
the dimensionless
nonhomogeneous
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whichtwo
is the
vertical
scale of
part ofthe
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initialmultiplied
search, demonstrate
the ability
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with limited
(note bothbyofthe
these
by the relative
difference
in effective
sound receiving
velocity stations
and normalized
vertical
eventswavelength.
were detected
HA10
Furthermore,
thetemporal
propagation
models of
used
captureand
these
signal
Theateffect
of and
suchHA04).
inhomogeneities
on the
fluctuations
thetoazimuth
arrival
times of
features
provide
an assessment
of triangulation
errorincaused
by uncertain
oceanography.
thealso
signals
is studied.
The estimation
of the error
localization
of pulsed
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Climate Change Through the Eyes of Radioisotopes
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The seasonal and monthly
temperature
time Protection
series profiles
(0-100m)
were
Healthsea
Canada,
Radiation
Bureau,
Ottawa,
ON,analyzed
Canada in four points 10 miles
off the Ecuadorian coast located in the equatorial eastern Pacific. The data are of high spatial resolution (1m) and
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
different duration; two
of them
have 20 years and the other two, only five years. The main objective was to
identify the depth of the upper layer of the ocean until the end of thermocline(width of the mixed layer plus
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
width of thermocline). For the determination of the thickness of the mixture layer, the method of the temperature
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
change rate with depth was used, and for the thickness of the upper layer, the depth where the temperature was
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
equal to the minimum sea surface temperature of the time series was considered. In general, seasonality was
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
found,tropopause
both in theheight
mixed due
layertoand
upper layer width, but a clear relationship with the ENSO events could not be
rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
established.
The
variation
of
the
thickness
of the mixed layer showed a direct relationship with the dry and rainy
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
periods,
being
higher
during
the
dry
season
(September-October). The depth of the thermocline showed an
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
annualconfirming
cycle, but not
related
to
the
known
seasonality.
several side effects of climate change while providing a new modelling tool in seasonal weather

forecast.
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In thisContact:
study hmatsumoto@jamstec.go.jp
we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Hydrophone
triplet
recorded
the bolides
Wake Island
IMS hydroacoustic
HA11 was
examined
detections.
Wedata
found
206 ofby
these
were detectable
by at leaststation
one infrasound
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onlythe
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Ioto is located
km "modern"
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than the
(from and
2014-2018)
categorized
an active 20%.
above-surface
volcano.
In-situ design
measurements
of we
volcanic
tremors
that are
volcanic
which as
approaches
Above the
1 kT CTBTO
threshold,
find that
40% showed
of airbursts
reported in
activity
during
thethan
month
of are
September
2018,
when
to 772
detections
per day
recorded.
theincreased
REB, while
more
90%
detectable
at one
or up
more
infrasound
stations.
Allwere
airbursts
with Local
energy > 2
flyoverkTobservations
that undersea
were
occurring
the nearshoreHowever,
shallow-water
areais only
reported on identified
the JPL fireball
site sinceeruptions
2007 have
been
detectedininfrasonically.
the REB
duringcomplete
this time.above
However,
the difficulty
withsystem
regardnot
to discriminating
seismic with
15 kTthere
withremained
the automated
detection
having reportedbetween
at leastin-situ
four airbursts

59

3

Theme1:1:The
TheEarth
Earthasasa aComplex
ComplexSystem
System
Theme
arrivals corresponding to volcanic tremors, and ones corresponding to undersea eruptions. The analysis of the
data recorded at HA11 made it possible to discriminate between T-phase arrivals from volcanic tremors
T1.1 Atmospheric Dynamics
originated from Ioto and arrivals from the eruptions, which more closely resemble H-phase arrivals. The arrivals
from Ioto at HA11 and the in-situ observations showed good correlation. Our results suggest that two-thirds of
the
can be associated with volcanic tremors and one-third with the undersea eruptions.
Oralarrivals
Presentations
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second largest of the Greek Dodecanese islands. Historical data indicate that this area is prone
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Germanyin agreement with local tectonics and historical records: one placed near Crete in the
three seismic sources
Eastern Hellenic
Arcpatrick.hupe@bgr.de
(EHA), with reference to the 1303 A.D., Mw=8.0 event), another near Rhodes
Contact:
(hypothetical scenario earthquake, Mw=7.3), and one near the coast of Karpathos, based on the 1948, Mw=7.3
Inearthquake.
routine processing
IMS infrasound
data at the
microbaroms
withTeam
dominant
fromis
The codeofUBO-TSUFD,
developed
byIDC,
the Tsunami
Research
fromfrequencies
University ranging
of Bologna,
0.1
to
0.5
Hz
appear
in
overlapping
frequency
bands
and
are
considered
as
noise.
In
this
study,
microbarom
used for all numerical simulations. Tsunamis are computed in several domains with different resolution for a
signals
were used of
as the
calibration
signals,
theirheight
amplitudes
at theinundation.
German infrasound
station IS26forwere
better calculation
maximum
coastaland
wave
and tsunami
Tsunami parameters
each
modelled
on operational
waveaggregated
interactionscenario,
simulations
andhelp
a semi-empirical
relation.
individualbased
scenario
are used toocean
construct
which
us to evaluateattenuation
the buildings
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This
relation zone.
strongly
on theofmiddle
atmosphere
(MA)
however, vertical
temperature
and
inundation
Thedepends
contribution
all scenarios
along
the dynamics;
coast of Karpathos
is studied
via synthetic
wind
profiles, provided
by that
numerical
(NWP) and
models,
exhibitedpart
significant
biasesiswhen
mareograms.
It is found
seismicweather
source prediction
EHA dominates
that have
the southern
of Karpathos
more
compared
high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
exposed towith
tsunami.
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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H08S hydrophone array for further studying seismic activity along the Middle America subduction system will
be discussed. These preliminary findings show that the detection of oceanic events relevant to the CTBT
verification regime is possible even beyond the antipodal range, thus highlighting the exceptional capabilities of
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In routine processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
This relation strongly depends on the middle atmosphere (MA) dynamics; however, vertical temperature and
wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
compared with high-resolution LiDAR soundings. A fully autonomous LiDAR for MA temperature
measurements was installed at IS26 for estimating uncertainties in the modelled amplitude. Temperature and
wind perturbations, considering observed biases and deviations, were added to the operational high-resolution
atmospheric model analysis produced by the European Centre for Medium-Range Weather Forecasts. Such
uncertainties in horizontal winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
obtained by high-resolution LiDAR measurements, can thus significantly improve the understanding of a
station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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Atmospheric Events Energy Estimation Based on Seismic Data
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7Be concentration in air is dominated by a seasonal cycle for which the stronger effects are more evident around
mid-latitudes, with periodicities closely related to the ones found in climate. Anomaly time-series were
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enriched 7Be air masses were traced back to its source.
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when
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thus
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station’s detection capability throughout a year; especially during the hemispheric summer seasons.
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generated from the integrated geophysical survey over Awotan landfill dumpsite, in Ibadan, southwest Nigeria.
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In thisContact:
study jihyepark1@gmail.com
we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Literatures introduced ionospheric responses to earthquakes and volcanic eruptions in several decades. These
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
events induce the Traveling Ionospheric Disturbances (TIDs) which can be detected by monitoring the temporal
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
and spatial
variation of electron content in the ionosphere. On 23 January 2018, multiple geophysical events
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
along the
ring of fire were reported. Although a few studies revealed there was no strong correlation between the
approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
events,which
it is still
worth to observe the ionospheric reaction from those events for comparison. In this study, we
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
selected the 7.9 Mw earthquake in the Gulf of Alaska and the Kusatsu-Shiranesan volcanic eruption in Japan as a
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
case study. Analyzing the waveforms of TIDs generated from two types of events with the same space weather
complete above 15 kT with the automated detection system not having reported at least four airbursts with
condition (as they happened on the same day) provides results of less uncertainty due to external conditions. The
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TIDs were extracted and detected from GNSS carrier phase observations recorded at nearby GNSS stations of
each event. By a coherent analysis, a notable similarity and dissimilarity among the TIDs from the two events
Atmospheric
were revealed. This study suggests the effective approach toT1.1
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the signatures of Dynamics
ionosphere from a
specific type of the earth geophysical event.
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earthquakes are associated with different tectonic, physical, astronomical, climatic and
other events. Earthquakes result from geodynamics produced by earth's stress fields which is a process of Earth's
Accurate
meteorological
modeling
is critical
for bodies
obtaining
and dispersion
interaction
with the Sun
and other
celestial
as realistic
well as atmospheric
the climate transport
results from
this. One (T&D)
general
predictions.
There
are
several
data
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(DA)
techniques
used
to
improve
meteorological
connection between climate and the earth's stress field is that climate change may lead to increasedresults.
erosionTwo
with
common
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and variational
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nudgingofis stress
used in
T&D,inwhereas
more
mass redistribution.
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the probability
release
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in weather
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T&Dtoresults
andthe
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DA
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system before.
circle of stress
techniques
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forecasting
be employed
T&D applications.
Thecould
two be
methods
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init
analysis would
beweather
the physical
contextcan
behind
this. And,for
in addition,
deglaciation
a significant
factor:
the
Weather
Research
and
Forecasting
(WRF)
model
for
the
Colorado
Springs
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decreases lithostatic loading with less stabilization. And, fluids in a stressed system always play a role, as they
First,
WRF relative
results are
verified
validatedisagainst
available
measurements
temperature,
windis speed,
and
influence
stresses.
Theand
lithosphere
very close
connected
with the of
atmosphere.
There
relationship
wind
direction.
Next
T&D
simulations
for
COSTEX
are
performed
with
the
Hybrid
Single-Particle
Lagrangian
between precipitation and earthquakes on the short-term scale, and between solar irradiation and stress field in
Integrated
model. Using the COSTEX tracer observations, the correlation, fractional bias, figure of
the upper Trajectory
crust.
merit in space, and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
guidance for the meteorological community as to which DA techniques provide the most value for T&D
T1.4-P7 Monitoring and Verification Systems for Nuclear Tests with Biological
simulations.
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Humankind since
its inception has tried to reduce the risks of natural or anthropogenic disasters. Remote sensors,
1
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
mathematical2 models, numerical simulations, automatic stations are among the mechanisms used to monitor and
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
infer the study
3 parameters. However, anomalous events such as accidents or nuclear tests in a climate change
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
scenario present serious predictive difficulties. As a result, mechanisms for monitoring and controlling the
Germany
peaceful use 4of nuclear energy, among other applications, are now being questioned. On the other hand, the
German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
scientific community is making great efforts to combine technology with information obtained directly from
Germany; Ludwig-Maximilians-Universität München, Meteorological Institute Munich,
living creatures or ecological systems. Developing biological indexes to monitor water quality levels, soil or air,
Germany
as well as, microbial biosensors of various types. Due to their short life cycles, greater sensitivity to radiation,
Contact: patrick.hupe@bgr.de
the ease of quantifying
the diversity and frequency of macroinvertebrates and microorganisms, it will become an
indispensable input in mathematical models. Tools that influence the design of policies to reduce the risk of
Innuclear
routinedisasters.
processing of IMS infrasound data at the IDC, microbaroms with dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled based on operational ocean wave interaction simulations and a semi-empirical attenuation relation.
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wind profiles, provided by numerical weather prediction (NWP) models, have exhibited significant biases when
compared withProcesses
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LiDAR
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for MA temperature
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wind perturbations,
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atmospheric model
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European
Centre Ecuador
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winds and temperature explain 97% of the actual detections, compared to 77% when
using the direct NWP model output. Incorporating realistic wind and temperature uncertainties in NWP models,
The IMSbyradionuclide
particulate
at Santa can
Cruzthus
- Galapagos
is located
area where various
obtained
high-resolution
LiDAR station
measurements,
significantly
improveinthean understanding
of a
oceanographic
and
atmospheric
processes
converge.
An assessment
of the radionuclide
concentrations in
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detection
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throughout
a year;
especially
during the hemispheric
summeractivity
seasons.
relation to atmospheric and ocean-atmosphere interaction processes serves as reference for temporal analysis of
atmospheric processes in the Equatorial East Pacific. With this regard, activity concentrations of 7Be and 212Pb
were continuously measured using HPGe high resolution gamma spectrometry. Daily and monthly data collected
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
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allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Contact: woodward@iris.edu
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause
height duenetworks
to rising record
CO2 concentrations.
Aestival episodes
of persistent
Large-scale
seismological
diverse and complex
signals resulting
fromhigh-pressure
interactions systems
among over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the observed
Earth’s subsystems. The signals vary in strength and may be unintentionally observed. For example, acoustic
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
energy from sources such as bolides or volcanoes can propagate in the atmosphere then couple into seismic for
severalbyside
effects of climate
change
providing
a new storm
modelling
tooland
in seasonal
weather
energyconfirming
that is recorded
seismometers.
Processes
in thewhile
hydrosphere
(seasonal
activity)
cryosphere
forecast.
(presence
of sea ice) modulate the ambient microseismic background noise. Long-period tilt signals on
horizontal seismic components are driven by variations in atmospheric pressure. Finally, the weak magnetic
susceptibility of broadband seismometers yields long-period signals during geomagnetic storms. These various
signalsT1.1-O5
provide valuable
insight
into interactions
between
the solid Earth, oceans, atmosphere, and
Detection
Efficiency
of the IMS
for Bolides
magnetosphere. The scientific value of these observations is enhanced through the use of dense networks with
P. Brown,
N. Gi geographic extent, and long duration deployments. Augmenting existing
standard station design,
substantial
University
of
Western
Ontario, London,
ON, Canada
seismic networks with weather sensors,
microbarometers,
infrasound
microphones, etc. produces complementary
data that can be leveraged
to
best
characterize
the
observations.
We present examples from the EarthScope
Contact: pbrown@uwo.ca
Transportable Array deployments in the conterminous United States and Alaska. Global geophysical networks
In thethis
study we
examined
344andbolides
(airbursts) reported
the similar
JPL opportunities
CNEOS website
such as
International
Monitoring
System
Global Seismographic
Network on
present
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
for unique
observations.
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T1.4-P11 Optimistic Monitoring Earthquake Precursor in Sumatra
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Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG), National
Seismological Center, Jakarta, Indonesia
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Since 2016 BMKG has been monitoring earthquake precursors in Sumatra. Observation of these precursors used

T1.1-O1
of Advanced
Assimilation
Techniques
geomagnetic Application
data that we installed
along the Data
Sumatra
fault and Megathrust
SumatratoinImprove
stages, in 2012 install 3
Atmospheric
Dispersion
Predictions
stations namely
Gunung SitoliTransport
(GSI), Nias; and
Sicincin
(SCN), Padang;
and Liwa (LWA), Lampung. Then in 2017

and 2018 the BMKG installs in Meuloboh (MLB), Aceh; Sabang (SBG), Aceh; Simalungun (SML), Lake Toba;
Heath,
A. Suarez-Mullins
Kepahiyang N.
(KPY),
Bengkulu
and Muara Jambi (MRJ), Jambi. Currently in Sumatra we have 8 earthquake
Air
Force
Technical
Applications
(AFTAC),
Patrick Air Force
Base, ULF
FL, USA
precursor stations. The method we
developedCenter
is processing
Geomagnetic
data using
emision to obtain
earthquake precursor
The result is an earthquake precursor parameter consisting of when? That is
Contact:anomalies.
nicholas.heath@us.af.mil
obtained from an onset time anomaly that has a range of 30 days after onset time, then Where? That is obtained
Accurate
modeling
is critical
for obtaining
realistic atmospheric
transport
andadispersion
(T&D)
from themeteorological
direction of azimuth
source
conductivity
in the earthquake
preparation
zone with
susceptibility
of ±
predictions.
are several
assimilation
(DA)Big
techniques
used toThat
improve
results. of
Two
22.50 fromThere
the azimuth
and data
the last
one is How
is the Impact?
is bymeteorological
statistical calculation
the
common
nudging
and variational
Traditionally,
nudging
used of
in T&D,
whereas more
predictedphilosophies
magnitude are
to be
produced.
During theDA.
period
of 2016-2018
the is
results
the validation
of the
sophisticated
variationalthattechniques
are used ain
weather
forecasting.
Here, these two DA techniques are
earthquake precursors
we made produced
very
optimistic
value of 63%.
investigated in order to assess their specific impacts on T&D results and to determine if the more advanced DA
techniques used in weather forecasting can be employed for T&D applications. The two methods are applied in
the Weather Research and Forecasting (WRF) model for the Colorado Springs Tracer Experiment (COSTEX).
T1.4-P12 Seasonal Variations of Microseisms in the Baikal Rift
First, WRF results are verified and validated against available measurements of temperature, wind speed, and
wind direction. S.
Next
T&D simulations
for A.
COSTEX
Blinova,
A. Dobrynina,
Sankovare performed with the Hybrid Single-Particle Lagrangian
Integrated Trajectory
model.
theCrust,
COSTEX
tracer
observations,
correlation,
fractional
bias, figure of
Institute
of theUsing
Earth’s
Siberian
Branch
of Russianthe
Academy
of Science,
Russian
merit in space,Federation
and Kolmogorov-Smirnov parameter are computed to evaluate the robustness of the T&D
simulations and identify which DA technique provides the most realistic results. Overall this study provides
Contact:
blinova@crust.irk.ru;dobrynina@crust.irk.ru
guidance for the
meteorological
community as to which DA techniques provide the most value for T&D
simulations.
The report presents the results of a study of seasonal variations in the spectral characteristics of seismic waves in
the Baikal rift from earthquake and microseism records based on the H/V-ratios. We used records of seismic
waves from regional earthquakes (P and S-waves), as well as records of microseismic vibrations. To account for
T1.1-O2
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Middle
Atmosphere
Weather
Models
Using
Lidar
and
Ambient
seasonal variations,
data were
considered
in different
seasons (warm
season:
July,
August,
September
and cold
season: December,
February,
By the type of H/V-curves, seismic stations in a region can be
Noise:January,
A Case
Study March).
for IS26
divided into three groups: (1) with a stable characteristic, regardless of the season; (2) with seasonal variations of
1
1
1
2
2
4
, L. H/V
Ceranna
, M. De of
Carlo
Pichon
, B. 3, M.inRapp
H/V; (3) withP.anHupe
unstable
curve., C.
ForPilger
most stations
group, A.
2, Le
seasonal
variations
the frequency response
1
Institute
Natural are
Resources
may be due toFederal
tidal effects
onfor
theGeosciences
lake Baikaland
– stations
located(BGR),
on theHannover,
coastline. Germany
A comparison of the
2
Commissariat
à l’énergie
et auxshows
énergies
(CEA),inFrance
obtained H/V-curves
for earthquakes
andatomique
microseisms
theiralternatives
good agreement
the low-frequency region
3
Aerospace
of Atmospheric
Physics,
(up to 3.5 Hz)German
for all stations.
ForCenter
some (DLR),
stations,Institute
an increase
in the level
of the Oberpfaffenhofen-Wessling,
H/V-curve is observed in the
Germany
region of medium
and high frequencies, which may be due to the influence of the earthquake source.
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German Aerospace Center (DLR), Institute of Atmospheric Physics, Oberpfaffenhofen-Wessling,
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T1.4-P13 Seismo-Acoustic Observation of the Ocean Swell Sources at BURAR Site
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infrasound
data
at the Măgurele,
IDC, microbaroms
National
Institute
for Earth
Physics,
Romaniawith dominant frequencies ranging from
0.1 to 0.5 Hz appear in overlapping frequency bands and are considered as noise. In this study, microbarom
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signals were used as calibration signals, and their amplitudes at the German infrasound station IS26 were
modelled
based on
operational ocean
interaction
simulations
and ain semi-empirical
attenuation
relation.
A four-element
seismo-acoustic
arraywave
of 1.2
km aperture
is deployed
northern Romania,
at BURAR
site,
This
relation
depends
on (USA)
the middle
atmosphere
(MA) To
dynamics;
however,
vertical
temperature
and
under
a jointstrongly
effort of
AFTAC
and NIEP
(Romania).
characterize
the site
detection
background,
wind
profiles,
provided
by numerical
weather
models, Generated
have exhibited
when
typical
sources
observed
by both types
of prediction
sensors are(NWP)
investigated.
fromsignificant
non-linearbiases
interactions
compared
with waves,
high-resolution
LiDAR
A (microbaroms)
fully autonomous
LiDAR(microseisms)
for MA temperature
between ocean
the ambient
noise soundings.
– atmospheric
and crustal
– could be
measurements
was installed
at IS26
estimating
in the
amplitude.
Temperature
and
recurrently detected,
indicating
that for
ocean
swell canuncertainties
be considered
as amodelled
seismo-acoustic
source
leaving imprint
wind
perturbations,
observed biases
and deviations,
to the operational
high-resolution
on both
seismic andconsidering
infrasonic recordings.
Seismo-acoustic
data were
have added
been processed
and analyzed
in the 0.1Hz
atmospheric
model analysis
produced
by the European
Centre software
for Medium-Range
Weather Forecasts.
Such
to 0.8Hz frequency
band using
DTK-GPMCC
and DTK-DIVA
(CTBTO NDC-in-a-Box).
F-k analysis
uncertainties
in
horizontal
winds
and
temperature
explain
97%
of
the
actual
detections,
compared
to
77%
when
has been applied for signal interactive analysis. Two main ocean swell sources have been identified: North
using
the direct
output. Incorporating
realisticdetections
wind and are
temperature
in NWP
models,
Atlantic
OceanNWP
and model
Mediterranean
Sea. Microbaroms
strongly uncertainties
influenced both
by seasonally
obtained
by stratospheric
high-resolution
LiDAR
measurements,
can thuspressure
significantly
improve
the understanding
of a
dependent
winds
and local
turbulence-induced
fluctuations.
Microseisms
power spectral
station’s
detection capability
throughout
year; especially
the0.2
hemispheric
summer seasons.
noise amplitudes
correlate well
at the amicrobarom
peakduring
(around
Hz), seismo-acoustic
detections showing
similar frequencies and backzimuths for the same source. Microseismic noise level varies from low during
summer to high during winter, whilst a shift of the Double Frequency Peak from lower to longer periods could
be correlated to seasonal atmospheric conditions.
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Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
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2 important source of seismic and infrasound recordings. Yet they also serve as signal to
Thunder represents an
Barva Innovation Center, Talin, Armenia
better understand infrasound propagation and seismoacoustic ground coupling. Infrasound stations have been
sparse so far, but Contact:
the spatialigor.chunchuzov@gmail.com
coverage has recently improved dramatically, and we have made striking
observations
of
infrasound
propagating
Eastern
Austria inlayered
2018, structure
using theof seismological
AlpArray
The experimental results of studyingacross
the effect
of a fine-scale
a stably stratified
atmospheric
network.
We
have
observed
strong
signals
of
thunder,
e.g.
during
the
severe
convective
weather
event
on
Mayperiod
2,
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain
(1
2018 in
the
Viennese
region.
In
combination
with
the
comprehensive
Austrian
lightning
database
ALDIS
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuationsa in the
multiyear
is available
which
a systematic
investigation
of lightning
detections
with thunder
thin time
layersspan
of the
ABL have
been allows
retrieved
using the wave
forms and
travel times
of the recorded
arrivals of
recorded
on
the
seismic
stations
of
the
AlpArray
network.
The
seismoacoustic
observations
also
illuminateABL is
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified
meteorological
in the of
troposphere
during
a thunderstorm
of the
similar toprocesses
the mechanism
scattering of
signals
from ground event
surface- including
explosionsthe
by lowest
layeredlayers
nonhomogeneities
atmosphere
where
large
parts
of
human,
animal
and
plant
lives
take
place.
This
may
perhaps
also
allow
to
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similaritybetter
parameter
constrain
mechanisms
behind thunder
generation
and propagation.
Indeed, studies
herethe
place
the dimensionless
thickness
of the reflecting
nonhomogeneous
layers, suggest
which isthat
the infrasound
vertical scale of
observations
can multiplied
provide detailed
intodifference
the mechanisms
of thunder
generation.
the layer
by theinsight
relative
in effective
sound
velocity and normalized by the vertical

wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work
wasofsupported
by RFBR for
N 18-55-05002
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and Climate Change in the Antarctic Peninsula Region

O. Liashchuk,
Karyagin,
Y. Andrushchenko
T1.1-O4
ClimateE.Change
Through
the Eyes of Radioisotopes

Main Centre of Special Monitoring (NDC of Ukraine), State Space Agency of Ukraine, Gorodok,
Ukraine
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
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alex_liashchuk@ukr.net;alex.liashchukk@gmail.com;alex@gcsk.gov.ua
CTBTO
Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
In the Antarctic Peninsula
region a number of research stations are measuring seismic and infrasound signals and
4
TU Wien Atominstitut, Vienna, Austria
some are also part of5 the CTBTO IMS. The region is exposed to earthquakes, tsunamis and cyclonic activity.
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
The measurements are
6 ongoing for a long time allowing an assessment of climate change. Satellite observations
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
have made a tremendous breakthrough in the study of the continent but ground-based measurements are still
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
lagging behind. There
are perennial
datasets of microseismic and acoustic noise, which are associated, for
example, with cyclonic activity in the region and the presence of ice cover in the water area. Additional local
Cosmogenic
radionuclides
beryllium-7
and contribute
sodium-22toare
knownresearch.
atmospheric tracers and can be used together
monitoring
of cryoseismic
over the
years can also
climate
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
3
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of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
Oral ambient
Presentations
seismic
noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
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with
the Western
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on locate
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domains. In aRecords
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generated by an aftershock was much more difficult to interpret in terms of the
October
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cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
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Su for relatively shallow cavities.
identify cavity at
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Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea

A bright fireball was reported at 12:07:05 UTC on October 4, 2017 at a height of ～37 km above 28.1N, 99.4E
1
2
near Shangri-La,
the western
Yunnan
of China. It had a TNT yield equivalent of 0.54 kilotons (kt). Infrasonic
C. Alvizuri
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Tape
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University
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2
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University
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estimate the wave parameters at the two infrasound arrays, and the source location (99.28E,27.99N) was
Contact: celso.alvizuri@unil.ch
determined by the back azimuth intersection, which is only 17 kilometers away from NASA's location.
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recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
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In late September
P. Jinand early October 2017, the International Monitoring System and several national radiation
surveillance Northwest
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levels of the airborne radionuclide
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was but
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explosion
source
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hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
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Possibilities to Identify Cavity Due to UNE Using Seismic Wave Fields
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Contact: kristek@fmph.uniba.sk
The resonance seismometry is one of the CTBT’s permitted techniques during OSI. Numerical modeling of
seismic wave fields makes it possible to investigate resonance phenomena and their signatures in free-surface
records. The necessary condition for reasonable results is an optionally accurate and computationally efficient
numerical-modeling tool together with a sufficient set of realistic structural models. Based on extensive review
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
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recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
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significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
with source
spectral ratios
predicated
by classical
models including MM71, DJ91 and their two
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Detection
Efficiency
of explosion
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hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models give aP.yield
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Brown,
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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On September 3rd 2017 official channels of the Democratic People’s Republic of Korea announced the

successful testSeismic
of a fusion
bomb.
This would
be a Analysis
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provides a multi-technology analysis of the 2017 North Korean event and its aftermath using a wide array of
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tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between
the observed
and synthetic
waveforms.
each moment Events
tensor wenear
characterize
its uncertainty
T2.1-O7
UK NDC
Analysis
of IMS For
Radionuclide
to North
Korea in terms
of the variation in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
Britton,
A.probability
Davies
source type, andM.a Goodwin,
confidenceR.
curve
for the
that the true moment tensor lies within the neighborhood
AWE
Aldermaston,
Reading,
United
of the best-fitting
moment
tensor. We
find that
the Kingdom
moment tensor source types are clearly separated for the six
declared nuclear
test events,
the collapse event, and the two earthquakes. Moment tensors for the six explosion
Contact:
mattgoodwin93@gmail.com;m.goodwin@surrey.ac.uk
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
The UK National Data Centre (NDC) has developed a custom radionuclide analysis pipeline that has been
integral to the NDC’s capability to utilise data from the IMS. A number of novel software tools have been
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reviewSpectral
of IMS events
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use in a Nuclear
study of the
North Implications
Korean Region. By
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North
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possible to demonstrate the sensitivity of JPX38 to North Korean underground nuclear tests (UGT), as well as
other sources P.
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radioxenon in the region.
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Poster Presentations
Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
T2.1-P1 are
A Seismo-Acoustic
of the 2017
North
Korean
(NKT2016S)
investigated. All the Analysis
observed teleseismic
P-wave
spectral
ratiosNuclear
exhibit a Test
unique notch at
approximately 2.5Hz that1 is not observed2 for regional P- and2 Lg-wave spectral
ratios.
Meanwhile, the network2
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Averbuch
, S.toShani-Kadmiel
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averaged Lg-wave
spectral
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that of regional, P.
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with the source corner frequencies
1 Royal Netherlands Meteorological Institute (KNMI), De Bilt, the Netherlands
significantly reduced.
We
demonstrated
that
the
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notch
of
teleseismic
P-wave spectral ratios may be
2 TU Delft, the Netherlands
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
with source spectral
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predicated by classical explosion source models including MM71, DJ91 and their two
Contact:
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71Underground
testsestimation
give rise about
to seismic
and infrasound
signals
be detected
related
models nuclear
give a yield
100-300kt
for NKT2017,
3-7ktthat
for can
NKT2019,
6-15ktonforInternational
NKT2013
Monitoring
System
(IMS)
stations.
The
infrasonic
signals
are
due
to
seismo-acoustic
coupling.
The radiation of
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
infrasound is dependent on source depth. Recent studies have demonstrated the added value of seismo-acoustic
analyses, for example, to improve depth-yield estimates of (nuclear) explosions. In this study, we present a
seismo-acoustic analysis of the 2017 North Korean Nuclear Test that has been detected on IMS microbarometer
array I45RU. We analyze the seismo-acoustic coupling by making use of array processing and back-projection
techniques. The back-projections show that infrasound radiation is not confined to the epicentral region. More
distant regions are found to be consistent with locations of topography, sedimentary basins, and underwater
evanescent sources. The back-projections can be used to estimate the average infrasonic propagation speed
through the atmosphere. We discuss these findings in the context of infrasound propagation conditions during
the sixth nuclear test. It is suggested that propagation from the test site to I45RU may have occurred along
unexpected paths instead of typical stratospheric propagation. We present several scenarios that could be
considered in the interpretation of the observations.
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For nuclear explosion
5 monitoring, isotopic ratios of xenon are used for characterizing an event. Civilian sources
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
of radioxenon have 6an isotopic signature that may appear different from the one resulting from a nuclear test.
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
This becomes most evident in the four-isotope plot where the nuclear reactor and nuclear test domains are clearly
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
separated from eachContact:
other. If only
one pair of isotopes is detected it may still be possible to draw conclusions
about the relevance of an observation for nuclear explosion monitoring. For certain isotopic ratios, screening
Cosmogenic
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and Another
sodium-22
are known
tracersratios
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together
flags are
defined and
applied in the
IDC products.
approach
is toatmospheric
show the isotopic
in scatter
plots
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a
lock-in
technique
to
effectively
trace
vertical
air
masses
based
on
surface
measurements.
This
technique
and look for outliers and clusters. More generally, isotopic ratios can be compared to the history of background
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to astudy
and speed whether
of atmospheric
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observations
givenprogression
station, to determine
it is anomalous
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deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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One robust and rapid
discriminant
between tectonic and treaty-relevant events is based on the discrepancy
between seismic wave magnitudes: the surface wave magnitude (MS) and the body-wave magnitude (mb). A
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
better alternative is to consider the MSVMAX, a frequency varying MS between 8 and 40 s period. Such
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
approach opens up the limited frequency range and helps improve event detectability and characterization.
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Studies led the French National Data Center to develop and implement an operational tool to calculate the
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
MSVMAX on Rayleigh and Love waves. Such tool is now running in an automatic mode and quickly returns
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
magnitude information for events within a region of interest. This operational software is being used to process
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
seismic data from different networks and sensor types, select time windows of interest based on the wave
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
propagation according to an Earth velocity model, and apply several tests (azimuth and wave polarization)
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
before providing a weighted MSVMAX value. It can also access a seismic database, which makes it a very
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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as part of the OSI. Test case of our analysis is
of Alaska
Fairbanks,
AK,implementation
USA
the Kylylahti mine dataset of 2016 in Finland, where we implemented two candidate methods for RS: (1) The
Contact: celso.alvizuri@unil.ch
H/V method resolves near-surface changes of soil properties by relating the horizontal and vertical portions of
ground
motion.
(2) full
Themoment
calculation
of and
minor
variations
in the
wavefield
from
larger
earthquakes
We
estimate
seismic
tensors
their
uncertainties
forplanar
seven events
at the
North
Korea
nuclear testat
teleseismics
distances,
i.e. morenuclear
than 3,000
km away,
visualizes
local subsurface
Results
of both
site,
consisting
of six declared
tests and
one event,
interpreted
as a cavityanomalies.
collapse, that
occurred
8
methodsafter
will be
relevance
RS.
minutes
thepresented
declared and
test.discussed
We also for
analyze
two in
earthquake
events that occurred to the south and were
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between
the observed
and synthetic
waveforms.
For Waveforms
each moment tensor
characterize
its uncertainty
terms
T2.1-P8
Comparative
Analysis
of the
of theweNorth
Korean
Nuclear inTests
of the variationObtained
in waveform
misfit
on
the
eigenvalue
lune,
a
probability
density
function
for
moment
tensor
by the Seismological Method at the Alibek Station
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
of the best-fitting
tensor. We find that the moment tensor source types are clearly separated for the six
K. moment
Kurbanov
declared nuclear
test events,
the collapse
and
two earthquakes.
Moment
tensors for the six explosion
Institute
of Seismology
andevent,
Physics
of the
Atmosphere,
Ashgabat,
Turkmenistan
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
Contact: kakajan.k@gmail.com;tm.seismology@online.tm

The article is devoted to a comparative analysis of the waveform of nuclear tests based on data obtained the

Alibek station.
The station
successfully
nuclear
tests
that took
place atTests:
North Korea
and made a
T2.1-O5
Seismic
Spectral
Ratiosregistered
Between
North
Korean
Nuclear
Implications
significant contribution
to
the
detection
and
evaluation
of
explosion
parameters
at
International
Data
Centers. In
for Their Seismic Sources

the waveform picture of the explosions, both similar and distinctive features are observed, which, among other
things, is determined
P. Jin by different power and mechanisms of conducting nuclear explosions. Similar features in
all cases are: Northwest
intense secondary
Pg; practical
absence
of pronounced
Sn waves; the presence of Lg –wave.
Institutewave
of Nuclear
Technology,
Xi'an,
Shanxi, China
Distinctive features are associated with the Rayleigh surface wave - for one event, the wave is almost absent, and
Contact: jinping@nint.ac.cn
for others it has different intensities. The analysis of waveform and assessment of the dynamic characteristics of
the waves
suggest
that the
records
the seismic
event notnuclear
only correspond
to the known
general
Seismic
spectral
ratios
between
theof2017
North Korean
test (NKT2017)
and four
other characteristics
Korean tests
of
the
records
of
underground
nuclear
explosions,
but
also
complement
the
data
obtained
in
other
regions of
the
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September,
2016
Earth.
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly
We demonstrated
that theAftershocks
observed notchObserved
of teleseismic
P-wave
spectral
T2.1-P9 reduced.
Comparison
of the DPRK
in 2019
with
the ratios may be
well modeled by
interference
between
pPand
P-wave,
while
regional
P-wave
spectral
ratios
may be well fitted
Aftershocks Between September 2016 and April 2018
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
hybrids. Results
obtained
that for NKT2017’s buried depth in the range of 600-1100m, the MM71I. Kitov,
M.indicate
Rozhkov
related models CTBTO
give a yield
estimation
about 100-300kt
forAustria
NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
Preparatory
Commission,
Vienna,
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
Contact: mikhail.rozhkov@ctbto.org;mrozhkov1@gmail.com
Several seismic stations of the International Monitoring System (IMS), as well as non-IMS stations detected
seismic signals from an extensive series of low-magnitude aftershocks which followed the DPRK underground
tests. We investigated these events using the waveform cross correlation (WCC) method. One of the principal
results is aftershock clustering. Using signals measured by IMS stations KSRS and USRK, one is able to
distinguish between aftershocks similar to that observed on September 11, 2016 and those similar to the collapse
events following the DPRK6. Since May 2018, there was no significant aftershock measured by IMS stations.
On January 1, 2019, the IDC found a relatively large aftershock detected by two array stations KSRS and USRK.
Several smaller events were detected using the multi-master WCC method combining waveform information
from six practically co-located DPRK explosions and 23 largest aftershocks. The January 1, 2019 event has
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higher T1.1-O3
similarity withAtmospheric
the DPRK6 aftershocks
and isLayer
characterized
by the P/S spectral
ratio, which Infrasound
belongs to the
Boundary
as a Laboratory
for Modeling
population of the DPRK aftershocks.

Propagation and Scattering in the Atmosphere

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
A.M. Obukhov
of Atmospheric
T2.1-P10 Data 1History
fromInstitute
Nuclear
Power Physics, Russian Academy of Science, Moscow, Russian
Federation
2
M. Mousa
Barva Innovation Center, Talin, Armenia
Redcab LLC, Qesm Hurghada, Egypt
Contact: igor.chunchuzov@gmail.com
Contact: mousa@redcab.co;Mohamed.mousaa@gmail.com;mousaz@me.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
The history
of nuclear
testing on
began
early on of
thethe
morning
of 16ofJuly
1945 at
a desert
test sitewith
in Alamogordo,
boundary
layer (ABL)
fluctuations
parameters
acoustic
pulses
generated
a certain period (1
New Mexico
the United
States exploded
its presented.
first atomicThe
bomb.
Designated
Trinity
Site,fluctuations
this initial in the
min) bywhen
an artificial
detonation
source are
vertical
profiles as
of the
wind
velocity
test was
thelayers
culmination
of years
scientific
research
the banner
so-called
Project".
thin
of the ABL
haveofbeen
retrieved
usingunder
the wave
forms of
andthe
travel
times"Manhattan
of the recorded
arrivals of
North Korea
conducted
the
sixth
nuclear
test
in
its
history
on
September
3,
2017,
according
to
officials
in SouthABL is
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified
Korea similar
and Japan.
Themechanism
Japanese Foreign
Ministry
also concluded
that North
had conducted
a nuclear
test.
to the
of scattering
of signals
from ground
surfaceKorea
explosions
by layered
nonhomogeneities
The USofGeological
Survey
reported
an
event
measuring
6.3
on
the
Richter
scale,
near
the
Punggye-Ri
site
where
wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
the nuclear
test was
The thickness
South Korean
the event seemed
to be
man-made.
Both the
here place
theconducted.
dimensionless
of theauthorities
reflectingsaid
nonhomogeneous
layers,
which
is the vertical
scale of
US Geological
and the
Earthquake
Administration
a smallerand
second
earthquake
the layerSurvey
multiplied
by Chinese
the relative
difference
in effectivereported
sound velocity
normalized
by at
thethevertical
same site
that followed
initial
eventinhomogeneities
several minutes on
later,
wasfluctuations
described asofa collapse
of aand
cavity.
wavelength.
The the
effect
of such
thewhich
temporal
the azimuth
arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T2.1-P11 Detection of Nuclear Explosions by Remote Regional Seismic Network
V. Nikulins
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Climate Change Through the Eyes of Radioisotopes

Latvian Environment, Geology and Meteorology Center, Riga, Latvia
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, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
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Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
Objective of these studies
was
to test possibility
of identifying
nuclear explosions using a remote seismic
CTBTO
Preparatory
Commission,
Vienna, Austria
3
network and to evaluate
effectiveness
of some
parameters and
for identification
explosions.
Regional seismic
Central
Institution
for Meteorology
Geodynamicsnuclear
(ZAMG),
Vienna, Austria
4
network BAVSEN (Baltic
Virtual
Seismic Network),
which unites 10 seismic stations, was used to identify
TU Wien
Atominstitut,
Vienna, Austria
5
distant nuclear explosions
in North
a part ofLife
the Sciences
GEOFON
networkVienna,
(GFZ Potsdam),
University
of Korea.
NaturalBAVSEN
Resourcesbeing
and Applied
(BOKU),
Austria has
6
been operational since
2008.Canada,
Were registered
nuclear explosions.
Three ON,
nuclear
explosions were used for
Health
Radiation5Protection
Bureau, Ottawa,
Canada
analysis. The following parameters were used to identify nuclear explosions: 1) amplitude spectra of P and S
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
waves group; 2) spectral ratios P/S; 3) Ms/Mb magnitude ratio. The first two parameters are based on wellknownCosmogenic
property of S-wave
amplitude
exceeding
P-waveare
amplitude
for earthquakes
and and
inverse
amplitude
radionuclides
beryllium-7
andover
sodium-22
known atmospheric
tracers
can be
used together
ratio for
explosions.
Testing
has
shown
that
most
effective
criterion
for
identification
is
Ms/Mb
magnitudes
in a lock-in technique to effectively trace vertical air masses based on surface measurements. Thisratio.
technique
Linear allows
approximation
following
Msatmospheric
= 1.329Mbcells.
- 1.530
(for
earthquakes);
Msare
= 1.447Mb
- 3.907
to study gave
progression
andresults:
speed of
Data
show
that the cells
decelerating
during the
(for nuclear
explosions).
Spectra
of P and
S waves
as well
as P/S of
spectral
ratiostroposphere
are less effective
summer
period which
is extending
in time.
Thisgroup,
is caused
by warming
the whole
and increased
parameters
for identifying
nuclear
explosions
using remote seismic
has shown
the possibility
of over
tropopause
height due
to rising
CO2 concentrations.
Aestivalnetwork.
episodesTesting
of persistent
high-pressure
systems
using remote
networks
monitoring
explosions.
Europeseismic
with low
pressureforgradients
thatnuclear
led to almost
stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.Determination of Body-Wave Magnitudes of the North Korean Underground
T2.1-P12

Nuclear Tests

W. Kim
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Detection Efficiency of the IMS for Bolides

Lamont-Doherty Earth Observatory of Columbia University, New York, NY, USA
P. Brown, N. Gi
Contact:
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University of Western Ontario, London, ON, Canada
We determined teleseismic
short-period
body wave magnitude (mb) for the six underground nuclear explosions
Contact:
pbrown@uwo.ca
(UNE) at the North Korean test site by using globally distributed seismographic stations in the epicentral
In range
this of study
we Most
examined
344 selected
bolides for
(airbursts)
reported
on theareJPL
CNEOS
distance
30º to 95º.
of the stations
the magnitude
determination
located
in centralwebsite
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
andAmerica
attemptand
to Africa.
correlate
Asia, Europe,
Australia, and North America,
but none
from South
Datathese
fromwith
aboutinfrasound
40
detections.
206 ofmost
theseofbolides
were
detectableare
by used
at least
infrasound
station while
only 42 were
common
stations We
thatfound
recorded
the six
explosions
to one
simulate
the analog
World-Wide
automatically
registered
as part(WWSSN)
of the Reviewed
issuedconventional
daily by CTBTO.
However,
Standardized
Seismograph
Network
recordsEvent
in anBulletin
attempt(REB)
to utilize
mb and
yield this
global
REB detection
rate of ~10%
from 2007-2018
is less than for
the the
"modern"
(from 2014-2018)
relations
developed
during WWSSN
era averaged
– early 1960s
through mid-1980s,
UNEs rate
at similar
site
whichWe
approaches
20%. Above
the 1 kT
CTBTO
design
threshold,
thatfrom
40%the
of six
airbursts
areNorth
reported in
conditions.
also determined
root mean
square
(RMS)
amplitudes
of we
Lg find
waves
known
REB,by
while
more
than 90%
arefrom
detectable
at one
or more
infrasound
stations. crustal
All airbursts
Koreanthe
UNEs
using
waveform
data
seismic
stations
situated
on continental
paths with
fromenergy
the > 2
JPLproduced
fireball site
since
2007
been
infrasonically.
However,
the REB is only
UNEs.kT
Sixreported
stationsonin the
Asia
useful
data.
Thehave
RMS
Lg detected
amplitude
measurements
show consistency
complete above 15 kT with the automated detection system not having reported at least four airbursts with
77

3

CTBT Science and Techology 2019

Theme 2: Events and Nuclear Test Sites

between
the stations
withwecomparable
propagation
paths.models
The RMS
amplitudes structure
correlateafter
well an
with
mb The
and
of
the available
literature
have developed
3D realistic
of theLg
underground
UNE.
suggest
that
the
RMS
Lg
amplitudes
can
be
useful
to
estimate
the
yield
of
the
six
North
Koran
nuclear
tests.
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic
ambient
noise. We then
comprehensively
analyzed
the simulated
fields Security
in the time,Site
frequency and
T2.1-P13
Explosion
Monitoring
Research
at the
Nevada wave
National
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
J. Bonner
cavity. A seismic
wave field generated by an aftershock was much more difficult to interpret in terms of the
SecurityofSite,
NV, USApattern. Analysis of seismic noise makes it possible to
cavity presenceNevada
due toNational
strong effects
a radiation
identify cavity Contact:
at least forjes_bonner@icloud.com
relatively shallow cavities.
The Nevada National Security Site conducts experiments aimed at increasing capabilities in explosion

monitoring. Seismic
The Source
Experiment
(SPE) objectives
are Explosions
understandinginthe
prompt-signal
T2.1-O4
FullPhysics
Moment
Tensor Analysis
of Nuclear
North
Korea

phenomenology of the explosion source, including shear wave generation, and improving numerical modeling
1
codes. Since C.
2010,
the SPE
Alvizuri
, C. project
Tape2 has conducted eight (8) chemical explosions in both well-characterized
1
granite and alluvium
emplacement
media.
The SPE experiments have been recorded on a wide range of
University
of Lausanne,
Switzerland
2
diagnostics, including
borehole
accelerometers,
seismic,
University
of Alaska
Fairbanks, AK,
USA infrasound, magnetic, video, and photogrammetry. SPE
is incorporating state-of-the-art diagnostics systems, including Large-N and distributed fiber optics, to provide
Contact: celso.alvizuri@unil.ch
unprecedented resolution of the seismic phenomena. The Underground Nuclear Explosion Signatures
Experiment
is moment
an NNSStensors
projectand
thattheir
hasuncertainties
focused on improving
modelsatfor
signals
produced
We
estimate (UNESE)
seismic full
for seven events
thelate-time
North Korea
nuclear
test
by underground
UNESE
research
included
studying
sensing and
geophysics
site,
consisting of explosions.
six declared The
nuclear
tests and
one event,
interpreted
as aremote
cavity collapse,
that occurred
8
methodologies
to declared
detect change
in the
surface
andtwo
subsurface
afterevents
historicthat
explosions.
also conducted
minutes
after the
test. We
also
analyze
earthquake
occurred UNESE
to the south
and were
experimental
studies
measure
and model
tracer gasa migration
in over
different
scenarios
of moment
previous
recorded
by the
sametoset
of stations.
We perform
grid search
the emplacement
six-dimensional
space of
nuclear
explosions.
This
work
was
done
by
Mission
Support
and
Test
Services
LLC,
under
Contract
No.
DEtensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
NA0003624
with the U.S.
Department
of Energy.
DOE/NV/03624—0357.
between
the observed
and synthetic
waveforms.
For
each moment tensor we characterize its uncertainty in terms
of the variation in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
of
the best-fitting
moment
tensor. Weof
find
that DPRK
the moment
tensor source
types are
clearly
separated for
the six
T2.1-P14
Focal
Mechanism
2017
Nuclear
Explosion
and
Its Collapse
Event
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
H. Xu
events can be represented
as a sum of a double couple and a crack tensor whose plane is near horizontal.
Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China
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Seismic Spectral Ratios Between North Korean Nuclear Tests: Implications
Unlike the previous DPRK nuclear explosions, a rare collapse event followed the 2017 nuclear explosion after
for Their Seismic Sources
about 8 minutes and a half. As two kinds of special shallow depth seismic events with different source

properties, theP.accurate
inversion of the focal mechanisms of them is of great significance for the identification
Jin
of CTBT events.
In
this
theofinversion
of the moment
tensor
of theChina
nuclear explosion and collapse event is
Northwest study,
Institute
Nuclear Technology,
Xi'an,
Shanxi,
carried out with the waveform data of the dense regional seismic stations. After that, the focal mechanisms of the
Contact:
jinping@nint.ac.cn
two events with
small waveform
residual are compared from the surface wave amplitude ratio. The results show
that
the
surface
wave
amplitude
ratio
has a North
certainKorean
screening
effecttest
on the
waveformand
inversion.
TheKorean
resolution
of
Seismic spectral ratios between the 2017
nuclear
(NKT2017)
four other
tests
the
optimal
solution
of
the
nuclear
explosion
is
higher,
which
is
close
to
the
crack
source.
Meanwhile,
the
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
solution resolution
of the collapse
event
is lowerteleseismic
and the source
cannotratios
be accurately
(NKT2016S)
are investigated.
All the
observed
P-wavetype
spectral
exhibit a determined.
unique notchOne
at
reason
for
the
lower
solution
resolution
of
the
collapse
event
may
be
the
limitation
of
the
observed
datanetworkand also
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the
the complexity
of the
sourceratio
process
itself. to that of regional P-wave, but with the source corner frequencies
averaged
Lg-wave
spectral
is similar

significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
T2.1-P15
Identification
of Quarry
Blasts
nearsource
BRMAR
Seismic
with
source spectral
ratios predicated
by classical
explosion
models
includingArray:
MM71, An
DJ91Application
and their two
hybrids. Results
indicate that
for NKT2017’s buried
depth in the range of 600-1100m, the MM71ofobtained
Multichannel
Cross-Correlation
Detector
related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
Şemin, T.C.
Destici, S. while
Koçak,
Ö. Necmioğlu,
M.U.
Teoman
and NKT2016JK.U.
and 10-25kt
for NKT2016S,
yield
sizes obtained
by model
DJ91 are much smaller.
Bogazici University, Istanbul, Turkey

Contact: korhanse@boun.edu.tr
With the increasing population of many quarries around the BRMAR array, the data quality of the stations is
polluted by the blasts. There are more than 10 operational quarries spread across the city and in the vicinity of
the array. BRMAR is a circular shaped 7 elements array with a diameter of approximately 40 km located in the
city of Ankara. The array consists of borehole type medium period instruments installed at 60 to 40 m depth
from the surface. Long period array data is important for nuclear explosion monitoring, especially for measuring
the mb/MS discriminant. Therefore, monitoring of the quarry activities has become an important task for the
Turkish NDC. Multichannel waveform cross-correlation method accurately and reliably detects and classify the
quarry blasts using a repository of template events. Occurrence rate of the mining blasts between the time period
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of January
2016 – September
2018 was
examined.Layer
More than
templates for each
the miningInfrasound
quarries were
T1.1-O3
Atmospheric
Boundary
as a2 Laboratory
for ofModeling
selected to detect the blasts at different sites for MWCC method. The results show that the number of blasts
Propagation and Scattering in the Atmosphere
displays an increasing trend over the years, as much as on average at least 2 to 3 mining blasts occurring every
weekday.
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of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here focuses
place the
of thesignals
reflecting
layers, which
is the
vertical at
scale of
This study
ondimensionless
the assessmentthickness
of infrasound
fromnonhomogeneous
North Korean underground
nuclear
explosion
the UTC
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relative event
difference
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sound
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the locations of the two events. Detection results for the closest
stations to the sources are used to constrain differences in source phenomena between the explosion and
collapse. Arrival times for the explosion and collapse are compatible with stratospheric propagation times, while
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of current atmospheric
models doThrough
not predictthe
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arrivals
during the period leading up to the equinox.
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allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
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summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause
height
due to rising
CO2 concentrations.
Aestival
episodes
of persistent
high-pressure
systems over
The Slovak
National
Network
of Seismic
Stations (NNSS)
has been
considerably
modernized
and enhanced
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the observed
during the years 2001 - 2004. At the present, the NNSS represents the principal and the most important
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
infrastructure designated for monitoring of seismic activity on our territory. The primary function of the NNSS is for
confirming
severalearthquakes
side effectswith
of macroseismic
climate changeeffects
whileon
providing
a new
modellingBesides,
tool in the
seasonal
weather
to monitor
and localize
the territory
of Slovakia.
seismic
forecast.
stations
of NNSS are also capable of recording weaker local and regional earthquakes as well as teleseismic
earthquakes and nuclear explosions. The NNSS fulfill its duties also within the framework of the technical
cooperation between the Slovak Republic and CTBTO by providing seismological data to the Slovak Academy
of Sciences
(SAS), which
has been
designatedofasthe
theIMS
Slovak
Data Centre (NDC) for CTBTO. Until
T1.1-O5
Detection
Efficiency
forNational
Bolides
today, the Democratic People´s Republic of Korea (DPRK) has conducted six nuclear tests (in 2006, 2009, 2013,
two in 2016, 2017). P.
TheBrown,
ability N.
of Gi
the NNSS to detect the seismic signal generated by the DPRK nuclear events
University
of
Western
Ontario,
ON,are
Canada
and the estimates of locations and
magnitudes
of London,
the events
presented. The results are compared to the
International Data Centre
estimations.
Contact:
pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableOverview
literature weof
have
developed 3D
realistic models
of the underground
structure after an UNE. The
T2.1-P18
TIMEtool,
a Software
for Nuclear
Event Timing
most general model consists of 1cavity, chimney
with
apical
void,
crushed
zone,
fractured
zone, environment and
2
A.M.
Coulibaly
, K. Yamba
free surface. We
performed
extensive
numerical
modeling
of
seismic
wave
fields
due
to
plane-wave excitation
1
University
Ouagadougou,
Burkina
Faso
(representing regional
and ofdistant
events), near
point
double-couple sources (representing aftershocks) and
2
National
de la Recherche Scientifique
Technologique
seismic ambient Centre
noise. We
then comprehensively
analyzed theetsimulated
wave (DE/IRSAT/CNRST),
fields in the time, frequency and
Ouagadougou,
Burkinawave
Fasofield due to a distant source it was possible to identify and locate
time-frequency domains.
In a seismic
cavity. A seismic
wave field
generated by an aftershock was much more difficult to interpret in terms of the
Contact:
amoussa.coulibaly@gmail.com
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
TIMEtool
is aatsmart
application
identify
cavity
least for
relatively system
shallowallowing
cavities. to evaluate the nuclear event zero time using radioxenon
isotopic activity ratios. The nuclear events of interest are nuclear explosions under in-growth condition, releases
from nuclear power plants or from medical isotope production facilities. TIMEtool allows setting the time of
fractionation in the case of a nuclear explosion. The plots generated by this software, including the measurement
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
data, give an estimate of the origin time of the release. TIMEtool could be a promising tool in support of the
1
2
CTBT to helpC.
in Alvizuri
nuclear event
timing.
, C. Tape
1
University of Lausanne, Switzerland
2
University of Alaska Fairbanks, AK, USA

T2.1-P19 Contact:
Radionuclide
Signatures of Molten Salt Reactors
celso.alvizuri@unil.ch

J. Burnett,
B. Milbrath
We estimate seismic
full moment
tensors and their uncertainties for seven events at the North Korea nuclear test
Pacific
Northwest
Nationaltests
Laboratory,
WA, USAas a cavity collapse, that occurred 8
site, consisting of six declared nuclear
and one Richland,
event, interpreted
minutes after the
declared
test. We also analyze two earthquake events that occurred to the south and were
Contact:
jonathan.burnett@pnnl.gov;jonathan.burnett@yahoo.co.uk
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
Molten generating
salt reactors
(MSRs)waveforms
utilize a molten
mixture
as the
primary
coolant,
some systems
have
tensors,
synthetic
at eachsalt
moment
tensor
grid
point and
then and
evaluating
a misfit also
function
fuel dissolved
in the and
coolant.
Whilst
the concept
not moment
new, andtensor
was established
in theits1950s,
there in
hasterms
been
between
the observed
synthetic
waveforms.
Foriseach
we characterize
uncertainty
renewed
interestinaswaveform
part of the
development
of Generation
reactor designs.
In function
particularfor
they
are seen
as a
of
the variation
misfit
on the eigenvalue
lune,IV
a probability
density
moment
tensor
promising
for utilizing
or spent light
reactor
(LWR)
fuel.lies
Their
unique
molten design
source
type,technology
and a confidence
curvethorium
for the probability
thatwater
the true
moment
tensor
within
the neighborhood
has
for We
the find
radionuclide
signatures
thatsource
couldtypes
be detectable
by the International
of
theimportant
best-fittingimplications
moment tensor.
that the moment
tensor
are clearly separated
for the six
Monitoring
System
fuel isevent,
not encapsulated
LWR systems,
short-lived
gaseous
volatile
declared
nuclear
test (IMS).
events, As
thethe
collapse
and the two like
earthquakes.
Moment
tensors for
the sixand
explosion
radionuclides
could moreas
readily
producing
with
a different
isotopic
signature, and
events
can be represented
a sumescape,
of a double
coupleemissions
and a crack
tensor
whoseradioxenon
plane is near
horizontal.
also potentially a variety of long-lived particulate decay products. This effect could be further enhanced by the
online removal of accumulating fission products in MSR designs. This research examines these effects and
discusses the potential impacts on the IMS.

T2.1-O5

Seismic Spectral Ratios Between North Korean Nuclear Tests: Implications
for Their Seismic Sources

T2.1-P20 P.Relative
Location of DPRK Test Events
Jin

Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China
T. VanDeMark
Contact:
Air Forcejinping@nint.ac.cn
Technical Applications Center (AFTAC), Patrick Air Force Base, FL, USA

Contact:
thomas.vandemark.1@us.af.mil
Seismic spectral
ratios between
the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
Relative locations
of the six All
declared
DPRK nuclear
test P-wave
events are
presented.
Given aa well
azimuthally
(NKT2016S)
are investigated.
the observed
teleseismic
spectral
ratios exhibit
unique
notch at
distributed dataset
common
stations, for
eachregional
with sufficient
time-bandwidth
product,
precise relative
arrival
approximately
2.5Hzofthat
is not observed
P- and Lg-wave
spectral ratios.
Meanwhile,
the networktimes
are
produced
through
manual
alignment
(e.g.,
Fisk,
2002).
These
relative
arrivals
are
subsequently
used
averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequenciesto
calculate a network
travel-time correction
via a master
event,
which is then
applied
to all events
yielding
significantly
reduced.specific
We demonstrated
that the observed
notch
of teleseismic
P-wave
spectral
ratios may
be
relative
master-event
locations.
The
observable
test
site
infrastructure
and
the
geometry
of
the
relative
locations
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
are useful
further ratios
constraining
the absolute
location
of thesource
clustermodels
of events.
with
sourceinspectral
predicated
by classical
explosion
including MM71, DJ91 and their two
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and
NKT2016JRelative
and 10-25kt
for NKT2016S,
whileKorean
yield sizesNuclear
obtained by
model
DJ91 IMS
are much
smaller.
T2.1-P21
Location
of North
Tests
Using
Data:
How Do

Different Techniques Compare?

J. Dimech, D. Nadri, S. Spiro
Geoscience Australia, Canberra, Australia
Contact: jesse.dimech@ga.gov.au;jdimech@gmail.com
Here we apply three relative location techniques (double-difference, hierarchal clustering, and station
corrections), to the six reported North Korean nuclear tests using IMS data. The aim of this study is to better
understand how each technique performs with respect to the others, and to compare with independently
published results, as well as the official North Korean nuclear test site map. A nuclear test site can be thought of
as a single, independent seismic event cluster with strong, highly-correlated P-waves, and relatively weak S80
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Atmospheric
Boundary
a Laboratory
Modeling
Infrasound
waves;T1.1-O3
whereas natural
earthquake clusters
often Layer
vary in as
mechanism
and can for
be widely
spatially
distributed.
Nuclear tests are often
recorded at local,
regional, andin
teleseismic
stations, whereas most earthquake relative
Propagation
and Scattering
the Atmosphere
location studies are limited to local phases.
Because1 of these differences
and others,
previous studies
comparing 2
1
1
1
2
I. Chunchuzov
Kulichkov
, O. Popov
, A. Vardanyan
, G. Ayvazyan
relative earthquake location
methods, S.
may
not relate, V.
to Perepelkin
relative nuclear
test locations,
further motivating
this
1
Obukhov
of Atmospheric
Physics,relative
Russianlocation
Academy
of Science,
Moscow,
Russian
study. While the goal A.M.
of this
project Institute
is to understand
how different
methods
perform
at North
Federation
Korea’s Punggye-ri 2test
site, a future goal is to adapt the most suitable methods into a set of tools for the
Barva Innovation Center, Talin, Armenia
Australian NDC.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
T2.1-P22
Relocation of Seismic Events in South Africa for Ground Truth
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
and Classification
min) byIdentification
an artificial detonation
source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers
of the B.
ABL
have beenT.retrieved
the wave forms and travel times of the recorded arrivals of
V. Midzi,
Manzunzu,
Pule, T. using
Mulabisana
pulses from
the
source.
It
is
shown
that
the
mechanism
Council for Geoscience, Pretoria, South Africa of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
bmanzunzu@geoscience.org.za;bmanzu@yahoo.com
of wind Contact:
velocity and
temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
In an effort to improve the velocity models used in the calculation of travel time corrections for regional phases,
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
well-located earthquakes are being relocated and classified as ground truth (GT). The events were prepared by
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
first reassessing their source parameters using available collected phase data. The first step in identifying
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
possible GT events was to preselect events that were going to be further analysed to see if they satisfy the
This work was supported by RFBR N 18-55-05002
GT595% criteria. A set of eight events recorded by more than five stations located within a distance of 150 km
of the event epicentre were relocated using the ISC location algorithm, iLOC, and a 3D global velocity model
made compliant with the Regional Seismic Travel Times parameterization. Solutions of two of the eight
T1.1-O4
Climate
Through
theforEyes
of Radioisotopes
preselected
events were
found Change
to satisfy the
conditions
GT595%
candidacy whilst four events satisfied the
criteria for GT2090% candidacy.
The P wave 2path coverage3 for the two
identified GT595% events shows that
1
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey4, M. Schoeppner5, I. T. Hoffman6
both events were well
1 recorded by 106 and 542 stations respectively, which were well distributed azimuthally. It
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
is hoped that these GT595%
events are going to be useful in the improvement of the RSTT models for our
2
CTBTO Preparatory Commission, Vienna, Austria
region.
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
T2.1-P23 Representation
of Complex
Seismic Bureau,
Sources
by Orthogonal
Health Canada,
Radiation Protection
Ottawa,
ON, Canada Moment Tensor

FieldsContact:
Y lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

A. Juarez
Zuñiga, beryllium-7
T.H. Jordanand sodium-22 are known atmospheric tracers and can be used together
Cosmogenic
radionuclides
University
of
Southern
California,
Angeles,
CA, USA
in a lock-in technique to effectively
traceLos
vertical
air masses
based on surface measurements. This technique
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
zu.alan.zu@gmail.com;alanjuar@usc.edu
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Complexity
of seismic
can beCO2
represented
by space-time
stress gluts.
We present systems
a new over
tropopause
heightsources
due to rising
concentrations.
Aestivalvariations
episodes of
of persistent
high-pressure
representation
theorem
of
seismic
sources
that
exactly
and
uniquely
decomposes
any
stress-glut
density
into
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with thea set
observed
of up to
six orthogonal
tensor fieldscell
of increasing
(Juarez & Jordan,
GJI-2018).
Thecan
moment
tensor
fields for
deceleration
of atmospheric
movement.degree
This demonstrates
that 7Be
and 22Na
be used
as indicators
are ordered
by their
first nonzero
polynomial
moments.
representation
generalizes
confirming
several
side effects
of climate
changeThe
while
providing atheorem
new modelling
tooltheinpoint-source
seasonal weather
approximation
to
a
sum
of
multipoles
that
features
the
centroid
moment
tensor
(CMT)
as
its
0th-degree
term. We
forecast.
define the total scalar moment MT to be the integral of the scalar moment density, and we use the representation
theorem to estimate moments for each degree. If the source is complex, MT is larger than M0, the Aki moment.
We decompose seismic source models of earthquakes and explosions to illustrate how the higher-degree terms
T1.1-O5
Detection
Efficiency
of the
IMS for
Bolides to illustrate the radiation patterns of
characterize
the source
complexities.
We compute
synthetic
seismograms
the higher-degree fields
and their
dependence. Our results indicate that the radiation from the higherP. Brown,
N.frequency
Gi
degree fields was large
enough
that
it
may
be
possible
to estimate
low-order multipoles directly from seismic
University of Western Ontario,
London,
ON, Canada
data.
Contact: pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T2.1-P24
of themodels
2017ofNorth
Korean Nuclear
Test
of
the availableSeismological
literature we haveInvestigations
developed 3D realistic
the underground
structure after
an UNE. The
most general model consists 1of cavity, chimney
with
apical
void,
crushed
zone,
fractured
zone,
environment
and
2
1
3
3
1
3
P. performed
J. Gaeblerextensive
, A. Barthnumerical
, L. Ceranna
, S. Cesca
, T. Dahm
, G. Hartmann
, N. Nooshiri
free surface. We
modeling
of seismic
wave fields
due to plane-wave
excitation
1
Federaland
Institute
forevents),
Geosciences
Natural
Resourcessources
(BGR), (representing
Hannover, Germany
(representing regional
distant
near and
point
double-couple
aftershocks) and
2
Karlsruhe
Institute
of
Technology,
Karlsruhe,
Germany
seismic ambient3 noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
GFZ German
Centre
fordue
Geosciences,
Potsdam,
Germany
time-frequency domains.
In a Research
seismic wave
field
to a distant
source it
was possible to identify and locate
cavity. A seismic
wave field
generated by an aftershock was much more difficult to interpret in terms of the
Contact:
peter.gaebler@bgr.de
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
On September
official shallow
channelscavities.
of the Democratic People’s Republic of Korea announced the
identify
cavity at 3rd
least2017
for relatively
successful test of a nuclear device. Only minutes after the alleged nuclear explosion at the Punggye-ri nuclear
test site at 03:30:02 (UTC), hundreds of stations distributed all around the globe picked up strong and distinct
seismic signals associated with an explosion. Our investigations locate the event within the test site at a depth of
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
0.6 km. The radiation and generation of P- and S-wave energy in the source region are significantly influenced
by the topography
of Mt.1, Mantap.
C. Alvizuri
C. Tape2Inversions for the full moment tensor of the main event reveal a dominant
1
isotropic component
accompanied
by significant
University of Lausanne,
Switzerlandamounts of DC and CLVD terms, confirming the explosive
2 event. The analysis of the source mechanism of an aftershock around 8 min after the test in the
character of the
University of Alaska Fairbanks, AK, USA
direct vicinity suggests a cavity collapse. Measurements at seismic stations of the IMS result in a body wave
magnitude of Contact:
6.2, whichcelso.alvizuri@unil.ch
translates to a yield estimate of around 400 kT TNT equivalent. The explosive yield is
possibly
overestimated,
since
topography
andtheir
source
mechanism
to enhance
the peak
of
We estimate seismic full moment
tensors and
uncertainties
forboth
seventend
events
at the North
Koreaamplitudes
nuclear test
teleseismic
P-waves.
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
T2.1-P25
Source
Depth
and Characteristics
of thegrid
DPRK’s
Tests a[2006,
2009,
tensors,
generating
synthetic
waveforms
at each moment tensor
point andNuclear
then evaluating
misfit function
between the observed
and
synthetic
waveforms.
For
each
moment
tensor
we
characterize
its
uncertainty
in
terms
2013, 2016J (01/06/2016), 2016S (09/09/2016) and 2017] Using Regional and
of the variationTeleseismic
in waveform Data
misfit on the eigenvalue lune, a probability density function for moment tensor
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
2
3
4
of the best-fitting
moment
tensor.
We find
that
the
moment
source
S.G.
Kim1, Y.
Gitterman
, S.
Lee
, S.
Koh4, tensor
G.J. Lee
, H. types
Bae5 are clearly separated for the six
1
declared nuclearKorea
test events,
the collapse
event,Goyang,
and the Republic
two earthquakes.
Seismological
Institute,
of Korea Moment tensors for the six explosion
2
events can be represented
as aUniversity
sum of a double
coupleBeer-Sheva,
and a crack tensor
Ben-Gurion
of the Negev,
Israel whose plane is near horizontal.
3
Hanyang University, Seoul, Repblic of Korea
4
Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon, Republic of Korea
5
GeotechSpectral
ConsultantRatios
Co., Gunpo,
Gyeonggi-do,
Korea
T2.1-O5 Seismic
Between
NorthRepublic
KoreanofNuclear
Tests: Implications

Contact:
for
Theirsogukim@hanmail.net;sogukim@naver.com
Seismic Sources

North Korea conducted
underground nuclear explosions on October 9, 2006 (mb 4.3), May 25, 2009 (mb 4.7),
P. Jin
February 12, 2013
(mb 5.1),
January
6, 2016Technology,
(mb 5.1), September
9, 2016
(mb 5.3) and September 3, 2017 (mb
Northwest
Institute
of Nuclear
Xi'an, Shanxi,
China
6.3). We estimated source depths at 2.12 km, 2.06 km, 2.05 km, 2.06 km, 2.05 km and 1.97 km respectively
Contact: jinping@nint.ac.cn
based on the azimuth averaged spectral minima using pP+P/sP+P and pPn + Pn/ sPn+Pn including spectral holes
of the fundamental-mode
Rayleigh
spectra.
It is also
synthetic
spectral tests
nulls
Seismic
spectral ratios between
the wave
2017 amplitude
North Korean
nuclear
test noticeable
(NKT2017)that
andthefour
other Korean
of
P-wave
spectra
in
the
near-field
and
in
the
far-field
including
Rayleigh
waves
are
in
good
agreement
with
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
those
of
observations.
We
show
particle
motions
of
surface
waves
which
represent
the
generations
of
Rayleigh
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
and Love waves
depending
uponobserved
the different
raypaths.
subduction
zone the
of the
Pacific
approximately
2.5Hz
that is not
for regional
P-The
and raypaths
Lg-wavethrough
spectralthe
ratios.
Meanwhile,
networkslab shows
poor Love
waves
the low
Q with P-wave,
high attenuation
Love
waves in
averaged
Lg-wave
spectral
ratioindicating
is similarthat
to that
of regional
but with generates
the sourcelittle
corner
frequencies
addition to the
less trapped
SH waves in that
the explosions.
In notch
particular,
we shouldP-wave
also note
that theratios
possibility
of
significantly
reduced.
We demonstrated
the observed
of teleseismic
spectral
may be
the over-burial
would
affect
and
seismic
yields
for North
Korean
well
modeled bydetonation
interference
between
pP-magnitudes
and P-wave,
while
regional
P-wave
spectral
ratiosunderground
may be wellnuclear
fitted
tests.source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
with
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and
NKT2016JSource
and 10-25kt
for NKT2016S,
yield sizes
obtained
by model
DJ91 are much smaller.
T2.1-P26
Time
Functions while
of North
Korean
Nuclear
Tests
A. Ziolkowski
University of Edinburgh, United Kingdom
Contact: Anton.Ziolkowski@ed.ac.uk
I compute the source time functions of North Korean nuclear tests directly from seismograms. Because the
events are located close to each other, the spectral ratio of the seismograms of two events measured at the same
seismic station is the spectral ratio of the reduced velocity potential (RVP) source time functions: the path effect
between the test site and the seismic station cancels. A scaling law relates the RVP of two events via two
independent parameters: the yield ratio and the source depth ratio. The tests of 2009 and 2013, the two tests of
2016 and the test of 2017 have source time functions that are scaled versions of each other, suggesting they were
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detonated
in the same
rock formation.Boundary
The 2006 event
doesas
notashare
the same source
characteristsics.
The form
T1.1-O3
Atmospheric
Layer
Laboratory
for Modeling
Infrasound
of the RVPs is similar to a damped sine wave, in agreement with theory. The natural frequency and damping
and
Scattering
inatthe
factor is proportionalPropagation
to the cube-root
of the
radial stress
theAtmosphere
elastic radius and inversely proportional to the
1 is proportional
1 to the square of
cube-root of the yield;
the
amplitude
thePopov
cube 1root
the yield.2,Calbration
for 2
I. Chunchuzov , S. Kulichkov , V. Perepelkin1, O.
, A. of
Vardanyan
G. Ayvazyan
yield is via published1 data
from
Nevada
Test
Site.
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
2

Federation
Barva Innovation Center, Talin, Armenia

T2.1-P27 SpaceContact:
Borneigor.chunchuzov@gmail.com
Optical and Radar Data to Characterize North Korean Nuclear
Test 2017

The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
M.layer
Frei,(ABL)
I. Grünberg
boundary
on fluctuations of the parameters of acoustic pulses generated with a certain period (1
Institute
for Geosciences
and
Natural Resources
(BGR),
Hannover,
min) by Federal
an artificial
detonation
source are
presented.
The vertical
profiles
of windGermany
velocity fluctuations in the
thin layers
of
the
ABL
have
been
retrieved
using
the
wave
forms
and
travel
times
of the recorded arrivals of
Contact: michaela.frei@bgr.de
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
To visualize
characterize
imprint
of thefrom
2017
test, radar
data
from thebyALOS-2
and
similar and
to the
mechanismthe
of surface
scattering
of signals
ground
surface
explosions
layered satellite
nonhomogeneities
multispectral
data
the Pleiades
satellite
are investigated.
from the The
ALOS-2
satellite
in the
L
of windoptical
velocity
andfrom
temperature
in the
stratosphere
and lower Data
thermosphere.
role of
similarity
parameter
band are
bydimensionless
SAR Interferometry
to investigate
surfacenonhomogeneous
deformations correlated
with the
2017
test and
hereanalyzed
place the
thickness
of the reflecting
layers, which
is the
vertical
scale of
its aftershocks.
methodby
of the
change
detection
analysis
on vegetation
changes
applied. Space
the layer The
multiplied
relative
difference
in based
effective
sound velocity
andis normalized
by borne
the vertical
InSARwavelength.
nowadays The
allows
for of
thesuch
detection
of surfaceondisplacements
with a precision
the order
of a few
effect
inhomogeneities
the temporal fluctuations
of theon
azimuth
and arrival
times of
millimeters.
Repeat
pass interferometry
is based
the in
registered
interferometric
phase per
ground
cell (pixel)
the signals
is studied.
The estimation
of theonerror
localization
of pulsed sources
is given.
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work
by RFBR Nbetween
18-55-05002
between two acquisitions separated in time. For the analysis of the surface displacement due to the 2017 test,
data from 29 August and from 12 September 2017 are used. InSAR analysis based on the ALOS-2 satellite data
reveal T1.1-O4
strong surfaceClimate
deformations
in the epicenter
region,
the resulting
map of resolvable displacements clearly
Change
Through
the Eyes
of Radioisotopes
shows an area of subsidence of up to 10 cm 3 km north of the main support area and clear uplift of up to 10 cm
west of the Mt. Mantap.
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1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central
forExercise
Meteorology
and Geodynamics
(ZAMG),
Vienna,
T2.1-P28 Summary
ofInstitution
Common
(Waveform
Portion)
at the
6th Austria
East Asia
4
TU Wien Atominstitut, Vienna, Austria
Regional
NDC
Workshop
2018
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6 1
2
4
5
Canada,
Radiation
Protection
Bureau,
Ottawa,
Canada 6, D. Clauter6,
R.S. JihHealth
, D. Nadri
, T.S.
Kim3, M.
Motohashi
, E. Dorj
, T. ON,
VanDeMark
7
7
, W. Allan
I. Kitov
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
1
US Department of State, Washington DC, USA
2
Cosmogenic
radionuclides
beryllium-7
andAustralia
sodium-22 are known atmospheric tracers and can be used together
Geoscience
Australia,
Canberra,
3
in a lock-in
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masses based on Daejeon,
surface measurements.
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Korea
Institutetoofeffectively
Geosciencetrace
and vertical
Mineralair
Resources(KIGAM),
Republic of Korea
allows to4 Japan
study progression
and speedTokyo,
of atmospheric
Weather Association,
Japan cells. Data show that the cells are decelerating during the
summer 5period
which
is extending
time. This Mongolian
is caused by
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the whole
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andin
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Academy
of of
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Europe with
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to almost
stationary thunderstorms are correlated with the observed
CTBTO
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Commission,
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deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
Contact: jihrs@state.gov
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.Data Centers (NDCs) and CTBT PrepCom’s International Data Center (IDC) exchanged their
Ten National
waveform analyses on six North Korea-declared nuclear tests at the sixth East Asia Regional NDC workshop
(EARNW) held September 17-21, 2018, in Ulaanbaatar, Mongolia. Cross correlation technique is clearly
becoming
popular among
the workshop
participants
a variety
of purposes including detection, location, and
T1.1-O5
Detection
Efficiency
of theforIMS
for Bolides
even for size estimation. Some relative location results presented at the workshop exhibit geometric patterns of
P. Brown,
N. Gi
five epicenters matching
– at least
qualitatively - fairly well with a cartoon-depicted pattern shown to the invited
Western
Ontario, London,
ON, Canada
journalists who wereUniversity
present atofNorth
Korea-declared
"Punggye
dismantlement ceremony", albeit the accuracy
of North Korea LtG.Contact:
Kang’s poster
itself
is
not
verified
yet.
The
latest event of September 3, 2017, which was
pbrown@uwo.ca
the largest North Korea-declared nuclear test so far, prompted a couple of NDCs to re-investigate the procedure
of seismic
magnitude
relationships
and reported
regional phases.
NDCs
provided
In this
study scaling
we examined
344between
bolidesteleseismic
(airbursts)
on theTwoJPL
CNEOS
website
extensive
lists of aftershocks following the 6th
test, demonstrating
the robustness
cross-correlation
technique.
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018 and
attempt toof correlate
these with
infrasound
As designed,
the We
EARNWs
have
convenient
discussions
cooperation,
including
sharing
detections.
found 206
of facilitated
these bolides
were detectable
by at on
least
one infrasound
stationthe
while
only of
42 were
some non-IMS
data on
specific as
events
during Common
Exercises,
among
thedaily
participating
NDCs.
automatically
registered
part discussed
of the Reviewed
Event Bulletin
(REB)
issued
by CTBTO.
However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableThe
literature
we haveof
developed
3D realistic
models of
the underground
structure after
an UNE. The
T2.1-P29
Detection
Underground
Nuclear
Explosions
by Natural
Signatures
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
J. performed
Burnett, H.extensive
Miley numerical modeling of seismic wave fields due to plane-wave excitation
free surface. We
Pacific Northwest
National
WA, USA
(representing regional
and distant
events),Laboratory,
near pointRichland,
double-couple
sources (representing aftershocks) and
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
Contact: jonathan.burnett@pnnl.gov;jonathan.burnett@yahoo.co.uk
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity.
A seismic
wave fieldunderground
generated by
an aftershock
was
much ismore
difficult due
to interpret
in terms
of the
The detection
of low-yield
nuclear
explosions
(UNEs)
challenging
to containment
measures
cavity
presence
due
to
strong
effects
of
a
radiation
pattern.
Analysis
of
seismic
noise
makes
it
possible
to
undertaken to prevent escape of radioactive signatures. These signatures include fission and activation products
identify
cavity
at
least
for
relatively
shallow
cavities.
generated from the explosion. Measures may also be undertaken to restrict generation of seismic and infrasound

signatures. A new approach is proposed to detect such tests using natural signatures produced from the increased
release of radon gas isotopes (222Rn and 220Rn) from the disturbance and pressurization of the sub-surface flow
T2.1-O4
Full
Moment
Tensor
of Nuclear
Explosions
in North
Korea
regime causedSeismic
by a UNE.
Whilst
physical
barriersAnalysis
can be constructed
to ensure
containment,
measures
are not
typically implemented to1 restrict radon
escaping from beyond the containment cage around the cavity. It is
2
C. Alvizuri , C. Tape
envisaged such
1 soils, rock and pore waters are placed under significant stress and agitation by the explosion, and
University
of Lausanne,
Switzerland
would be subject
to increased
radon release.
The resulting anomalous radon concentrations (and associated
2
University
of
Alaska
Fairbanks,
progeny) could be useful for UNE detection. AK, USA
Contact: celso.alvizuri@unil.ch

We estimate seismic full moment tensors and their uncertainties for seven events at the North Korea nuclear test
T2.1-P30
Analysis
of interpreted
Radioxenon
Activity
site,
consistingThree-Dimensional
of six declared nuclear Space
tests and
one event,
as a Isotopic
cavity collapse,
that Ratios
occurred 8
for
Characterizing
a
Nuclear
Event
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
recorded by the same set1 of stations. We 2perform a grid
search over the six-dimensional space of moment
K. Yamba , M. Kalinowski , O. Sanogo1
tensors, generating
synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
1
Centre National de la Recherche Scientifique et Technologique (CNRST), Ouagadougou,
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
Burkina Faso
of the variation2 in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
CTBTO Preparatory Commission, Vienna, Austria
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
Contact:
fairlir@yahoo.fr;fairliry@gmail.com;yamba.kassoum@yahoo.com
of the best-fitting
moment
tensor. We find that the moment tensor source types are clearly separated for the six
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
This study
the nuclear
analysing
radioxenon
activity
ratios in threeevents
can beon
represented
as a release
sum of atiming
double aims
coupleatand
a crack tensor
whose isotopic
plane is near
horizontal.
dimensional space. When real data from nuclear tests are used, the first results obtained are promising for
nuclear event zero time determination and nuclear release discrimination. This presentation focuses on the
methodological approach. Obviously three isotopes are less likely to be detected simultaneously than two
T2.1-O5
RatiosareBetween
Nuclear
Tests:offers
Implications
isotopes are. Seismic
However, Spectral
if three isotopes
available,North
makingKorean
use of all
three together
a much more
for Their
Seismic
Sources
powerful analysis
mechanism
than with
only two isotopes. In the three-dimensional space the analysis of timing
and event screening can be separated. A time-independent screening can be achieved through the projection
P. Jin
along the decay
axis and the time of the event origin can be determined for each kind of source scenario by
Institute
of Nuclear
Technology,
Shanxi,
projecting theNorthwest
isotopic ratios
on the
decay axis
and scaleXi'an,
it in units
of China
time. The time-independent screening is
most useful for
CTBTjinping@nint.ac.cn
monitoring purposes since the time of origin of a remote detection is in general not
Contact:
known.
Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
T2.1-P31 2.5Hz
Towards
of Shallow
Ground
Truth
Eventsthe
in networkapproximately
that isan
notImproved
observed forCatalogue
regional P- and
Lg-wave spectral
ratios.
Meanwhile,
Eastern
North
America
averaged Lg-wave
spectral
ratio is
similar to that of regional P-wave, but with the source corner frequencies
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
N.J. Ackerley, M. Kolaj, C. Perry, V. Peci, J. Adams
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
Canadian National Data Centre; Canadian Hazards Information Service, Geological Survey of
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
Canada (GSC), Ottawa, ON, Canada
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71nicholas.ackerley@canada.ca
related models Contact:
give a yield
estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
Depth estimation is an important part of discriminating anthropogenic from non-anthropogenic events. For small
events in sparsely instrumented regions, there are few methods available for depth estimation. Ground-truth (GT)
events at shallow depths will be a key part of any scheme to validate new methods. Although the ISC catalog
contains more than a thousand GT events with 1 km < depth < 5 km, just four of these are in Canada and just
two more are in eastern North America. Rock bursts and other mining-related events in underground mines can
be considered shallow ground truth events, inasmuch as the hypocentre can be constrained by direct observation.
At CHIS we have good working relationships with many mine operators. In mid-2016, we began requesting
depth information when confirming events. Up to present, we have assembled a catalogue of shallow GT blasts
and mining-related events consisting of 161 events 2 ≤ MN < 3 and 25 events 3 ≤ MN ≤ 3.9 (MN ≈ MW + 0.5).
These events form eight clusters, spanning 1600 km across Ontario and Quebec. We present this catalogue, and a
preliminary investigation into methods of depth estimation using it, including regional depth phase and crustal
Rayleigh wave modeling.
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For practically 30 years of its existence, the KNET seismic network, located in Kyrgyzstan and Kazakhstan,
registered
on regional and
teleseismic
distances
nuclear
tests conducted
test sites:
Mururoaatmospheric
and
The experimental
results
of studying
the effect
of a fine-scale
layered at
structure
of aNevada,
stably stratified
Fangataufa,
Lop layer
Nor, (ABL)
Pokharan,
and of
Punggye-ri.
Currently,
it includes
10 generated
stations that
transmit
dataperiod
in
boundary
on Chagay
fluctuations
the parameters
of acoustic
pulses
with
a certain
(1
real time
theanInstitute
ofdetonation
Seismologysource
of theare
National
Academy
of Sciences
of of
thewind
Kyrgyz
Republic
and the in the
min)toby
artificial
presented.
The vertical
profiles
velocity
fluctuations
Research
ofthe
theABL
Russian
of Sciences.
data isand
used
by times
regional
andrecorded
international
thin Station
layers of
have Academy
been retrieved
using theKNET
wave forms
travel
of the
arrivals of
seismological
centers
for
scientific
research
and
different
type
of
seismic
bulletins
compilation.
Despite
on theABL is
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified
fact that
the KNET
stations were
located onof teleseismic
from the
North Korean
nuclear
test site
similar
to the mechanism
of scattering
signals fromdistances
ground surface
explosions
by layered
nonhomogeneities
Punggye-ri
(in
the
range
of
4300-4515
km),
they
registered
6
North
Korean
nuclear
tests
for
2006-2017.
Inparameter
the
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity
paper,here
a comparative
analysis of the thickness
waveforms
North Korean
tests according
to the
KNET
is carried
place the dimensionless
ofof
thethereflecting
nonhomogeneous
layers,
which
is data
the vertical
scale of
out, and
dynamic
and kinematic
of the explosions
are estimated.
thethelayer
multiplied
by the parameters
relative difference
in effective
sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work
was supported
by RFBR
N DPRK’s
18-55-05002
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The mb 6.1 event related
to the
2017 DPRK’s
sixth nuclear
test occurred(ZAMG),
in DPRK’s
Punggye-ri
4
TU Wien
Atominstitut,
Vienna,
Austria
September 3, 2017. After
8 minutes
32 seconds
from
the origin time of the event, the second event of mb 3.6
5
Universitysurface
of Natural
Resources and
Applied
Sciencesand
(BOKU),
Vienna,satellite
Austria radar
followed. Three-dimensional
deformations
from
the Life
ascending
descending
6
Health for
Canada,
Radiation
ON, Canada
observations were retrieved
the nuclear
test.Protection
From theBureau,
upwardOttawa,
deformation
component, we could clearly
identify the collapseContact:
of the Punggye-ri
test site’s facilities as well as the collapse related to the second event.
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
And, from the horizontal deformation component, we were also able to recognize that the shape of the nuclear
sourceCosmogenic
is spheroidal.
The location,
depth andand
cavity
radius are
of the
event
were calculated
the be
horizontal
radionuclides
beryllium-7
sodium-22
known
atmospheric
tracersfrom
and can
used together
component
by using
Yang’s dislocation
model
after
the landslide-feasible
were removed This
from technique
the
in a lock-in
technique
to effectively
trace
vertical
air masses baseddeformations
on surface measurements.
horizontal
deformations.
The epicenter
of modeled
explosion
was
similar
those
calculated
from previous
allows
to study progression
and speed
of atmospheric
cells.
Data
showtothat
the cells
are decelerating
during the
studies.
However,
thewhich
depthisand
cavity radius
different,
which
abouttroposphere
492 m andand
68 increased
m,
summer
period
extending
in time.were
This slightly
is caused
by warming
of were
the whole
respectively.
The yield
from
compressive
strength
of Cretaceous
Granite
and the estimated
tropopause
heightcalculation
due to rising
CO2
concentrations.
Aestival
episodesBulguksa
of persistent
high-pressure
systems over
cavity Europe
radius was
kton which
was bigger
results stationary
of other studies
by approximately
100 kton.
with298±27
low pressure
gradients
that ledthan
to almost
thunderstorms
are correlated
with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.Yield Estimation of DPRK3 Test with Radionuclide IMS Stations
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The Democratic People’s Republic of Korea (DPRK) conducted six announced nuclear tests between 2006 and
In this thestudy
we that
examined
344 bolides
(airbursts)
reportedradioxenon,
on the that
JPL
CNEOS
website
2017 however
only time
the international
monitoring
system detected
could
be related
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
to the DPRK3 nuclear explosion, occurred on February 12, 2013. About eight weeks after the DPRK3 test, the
detections.
We found
206 ofconcentrations
these bolides were
detectable
by at least
one
infrasound
while only
42 were
IMS stations
measured
abnormal
of 133Xe
and 131mXe.
The
source
terms station
were estimated
with
automatically
part of
thepredicted
Reviewed
Eventprofile
Bulletin
(REB) of
issued
by CTBTO.
However,
Flexpart
atmosphericregistered
transport as
model.
The
release
consisted
threedaily
3-hours
plumes on
7 and this
global
detection
rate of ~10%are
averaged
2007-2018
is less than
the "modern"
rate (from
2014-2018)
12 April.
TheREB
radioxenon
concentrations
in betterfrom
agreement
with JPX38
and RUX58
measurements
than
the
which
approaches
20%. with
Above
1 kT CTBTO
design threshold,
find
40% of by
airbursts
are reported
in
previous
study
that was done
thethe
Hysplit
model. Finally,
explosion we
yield
hasthat
calculated
analytical
data
the REB,release
while profile.
more than
are detectable
at one
or more
infrasound
All airbursts
with energy
and estimated
The90%
explosion
yield with
assuming
10%
leakage stations.
has predicted
about 7.89±1.3
kt > 2
kT reported
the JPL
site since
2007respectively.
have been detected infrasonically. However, the REB is only
and 9.98±
1.2 kt foron239Pu
and fireball
235U fissile
materials
complete above 15 kT with the automated detection system not having reported at least four airbursts with
2
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of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
Oral Presentations
time-frequency
domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify
cavity at
for relatively
shallow cavities. Method for Determining In-Situ Uniaxial
T2.2-O1
Aleast
Rapid
and Non-Destructive

T2.2 Challenges of On-Site Inspection

Compressive Strength (UCS) of Rocks During On-Site Inspections
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Department of Geology, University of Nairobi, Kenya
C. Alvizuri1, C. Tape2
1
University of Lausanne, Switzerland
2 Contact: josphat_mulwa@yahoo.com;jkmulwa@uonbi.ac.ke;josphat201590@gmail.com
University of Alaska Fairbanks, AK, USA

The On-Site Contact:
Inspection
Action Plan (OSI-AP), CTBT/PTS/INF.1343, serves as a tool for furthering OSI
celso.alvizuri@unil.ch
capabilities towards the establishment of a balanced, coherent, and robust verification regime at entry into force
We
estimate
moment tensors
their uncertainties
seven events
at the
Korea
test
(EIF)
of the seismic
CTBT. full
In furtherance
to the and
objectives
of OSI-AP, for
an experts
meeting
wasNorth
held on
7-9 nuclear
March 2018
site,
consisting
of six
declared
nuclear
one event,
as atechniques
cavity collapse,
that thin
occurred
8
to consider
issues
relating
to OSI
GVOBtests
andand
position
finding.interpreted
Petrographic
to examine
sections
minutes
the initial
declared
test. Weperiod
also analyze
twoproposed.
earthquake
events that
the souththin
andsection
were
of rocksafter
during
inspection
(IIP) was
However,
rockoccurred
sample to
collection,
recorded
by the
set of stations.
perform
a grid search
over the
six-dimensional
space ofasmoment
preparation
and same
petrographic
analysis,We
herein
considered
a destructive
method,
was not adopted
an OSI
tensors,
generating
synthetic
waveforms
at each
moment
tensor
grid
point and
evaluating
a misfitalternative.
function
technique.
The in-situ
Uniaxial
Compressive
Strength
(UCS)
test
technique
wasthen
proposed
as a viable
between
observed and synthetic
waveforms.
For each
moment of
tensor
weand
characterize
its uncertainty
terms
UCS is the
a non-destructive
test for rapid
assessment
of condition
rocks
concrete structures.
Theintests
are
ofeasier
the variation
in
waveform
misfit
on
the
eigenvalue
lune,
a
probability
density
function
for
moment
tensor
to undertake because they necessitate less/no sample collection, and thin sections preparation and
source
type, and
a confidence
for the
probability
that the true
tensorinvestigations
lies within thefor
neighborhood
petrographic
analysis.
Resultscurve
of UCS
tests
during geological
andmoment
geophysical
dam site in
ofKenya
the best-fitting
moment
tensor.
We
find
that
the
moment
tensor
source
types
are
clearly
separated
will be presented during the Science and Technology Conference (SnT2019). The UCS resultsfor
asthe
wellsixas
declared
nuclear
test
events,
the
collapse
event,
and
the
two
earthquakes.
Moment
tensors
for
the
six
explosion
use of the technique during OSI enable rapid decision making as to the nature and characteristics of in-situ rocks
events
can be represented
as a sum of a double
andtechniques.
a crack tensor whose plane is near horizontal.
thus allowing
investigations/inspections
using couple
intrusive
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Seismic
spectralgamma-gamma
ratios betweenbased
the 2017
North
Korean nuclear
(NKT2017) of
andenvironmental
four other Korean
tests
A ruggedised,
system
for in-field,
real-timetest
measurements
samples
has
conducted
in 2009
(NKT2009),
(NKT2013),
January,
2016
(NKT2016J)
and September,
been developed
at GBL15.
This is2013
specifically
designed
to enable
measurement
restrictions,
such that 2016
it can
(NKT2016S)
are investigated.
Allunder
the observed
P-wave
a unique
notch are
at
support OSI activities
envisaged
the CTBT.teleseismic
In restricted
mode, spectral
only the ratios
17 OSIexhibit
relevant
radionuclides
approximately
2.5Hz
is not observed
for regarding
regional P-other
and Lg-wave
spectral
networkmeasured, with
zerothat
information
recorded
radionuclides.
Allratios.
data Meanwhile,
acquisition, the
analysis,
and
averaged
spectral
is similarwithin
to that
of regional
but with
the source
corner frequencies
reportingLg-wave
is automated,
andratio
implemented
a CAEN
S.p.A.P-wave,
HEXAGON
dual-input
Multi-Channel
Analyser
significantly
reduced.
We
demonstrated
that
the
observed
notch
of
teleseismic
P-wave
spectral
may be
(MCA). Multiple analysis streams are deployed on the system, including traditional analysis of aratios
histogram
for
well
modeled
by
interference
between
pPand
P-wave,
while
regional
P-wave
spectral
ratios
may
be
well
fitted
each detector channel (in both full and restricted modes), and coincidence analysis based upon real-time sorting
with
source spectrallist-mode
ratios predicated
by classical
explosion
source
models
MM71,
DJ91 and
theirfortwo
of time-stamped,
events stored
in the buffer
of the
MCA.
This including
multi-faceted
approach
allows
far
hybrids.
Results obtained
for as
NKT2017’s
buried report
depth fully
in thequantified
range of radionuclide
600-1100m, activities
the MM71greater confidence
in the indicate
reported that
results,
all data streams
and
related
models The
give software
a yield estimation
about 100-300kt
for NKT2017,
3-7kt
for NKT2019,restriction
6-15kt forrequired;
NKT2013
uncertainties.
is fully configurable
depending
on the level
of measurement
the
and
NKT2016J
10-25kt
forthe
NKT2016S,
whilehistograms
yield sizes (with
obtained
by model
DJ91
are much
smaller.and shape
detail
availableand
ranges
from
full analysed
embedded
peak
fitting,
efficiency
characterisations) to a simple yes/no traffic light system to denote the presence or absence of an OSI relevant
radionuclide.

71
86

Theme 2: Events and Nuclear Test Sites

CTBT: Science and Technology 2019

T2.2-O3
Cs-137
Background
Measurement
Marine Environment
of the
AsiaT1.1-O3
Atmospheric
Boundary
Layerin
asthe
a Laboratory
for Modeling
Infrasound
Pacific
Region
to
Support
Emerging
Challenges
of
On-Site
Inspection
(OSI)
Propagation and Scattering in the Atmosphere
in Seas
1
1
1
1
2
2
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Under the Comprehensive Nuclear-Test-Ban Treaty (CTBT), On-Site Inspection (OSI) is the final CTBT tool to
The
results ofnuclear
studying
the effect after
of a fine-scale
layeredofstructure
of aOver
stablya stratified
be used
forexperimental
proofing suspicious
explosions
entry-into-force
the treaty.
decade, aatmospheric
huge
boundary
layer
fluctuationsand
of the
parameters
of acoustic techniques,
pulses generated
with a certain
period (1
attention
has been
paid(ABL)
on theon
development
testing
of OSI procedures,
and equipment
to reveal
min)
an underground
artificial detonation
are actually
presented.
The vertical
of wind
velocity
fluctuations
whether
orbynot
nuclearsource
testing
occurred.
Newprofiles
challenges
causing
concerns
over in the
thin layers
the security
ABL have
been
retrieved
the wave
forms andThere
travelistimes
of the recorded
arrivals of
international
peaceofand
have
recently
beenusing
emerged
and discussed.
a possibility
of suspicious
from underground
the source. Itand
is shown
that the
mechanism
of scattering
of pulse
a stably
stratified
eventspulses
other than
underwater
testing
and marine
& coastal
seas issignals
amonginthem
where
nuclearABL is
similar
to the
mechanism
scattering
signalsbuilding
from ground
surfaceon-site
explosions
by layered
nonhomogeneities
explosions
could
take
place. Notofonly
further of
capacity
of potential
inspectors
and development
of wind velocity
and temperature
in the
anddatabase
lower thermosphere.
The role of
similarity parameter
of appropriate
OSI techniques
but also
thestratosphere
radioactivity
of the OSI-relevant
gamma-emitting
here place
the dimensionless
thickness ofisthe
reflecting
which
the verticalCsscale of
radionuclides
in marine
& coastal environment
needed.
Thisnonhomogeneous
recent work aimslayers,
to review
andissummarize
the layer multiplied
bysediment,
the relative
effective
soundin velocity
and normalized
by the
137 radioactivity
in seawater,
and difference
biota from in
several
countries
the Asia-Pacific
region. These
datavertical
such inhomogeneities
on in
thecase
temporal
fluctuations
of the azimuth
arrival times of
wouldwavelength.
play a vitalThe
roleeffect
as a of
reference/background
data
of any
future underwater
nuclearand
explosions.
the skill-enhanced
signals is studied.
The estimation
of the errorprocedures,
in localization
pulsed sources radioactivity
is given. Acknowledgement:
Through
inspectors,
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and ofcomprehensive
data, the
This
work
wasnuclear
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by RFBR
N 18-55-05002
CTBT’s
goal
to end
testing
could be
achieved.
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2
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Natural
Resources
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Vienna,work
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Since 2002, Northwest
Instituteofof
Nuclear
Technology
(NINT)Life
hasSciences
begun (BOKU),
to do research
and has
6
Health
Canada,
Radiation
Protection
Bureau,
Ottawa,
ON,
Canada
developed three-generation OSI radioxenon processing system (XESPMs), including XESPM-I, XESPM-II and

XESPM-III, which Contact:
are composed
of sampling, purification and measurement units, and the three units are
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
independently operated. The final sample prepared can be measured either by HPGe γ spectrometry or β-γ
Cosmogenic
radionuclides
beryllium-7
and sodium-22
areautomatic
known atmospheric
can be usedwas
together
coincidence
counting
system. The
high sensitivity
radioxenon
processingtracers
systemand
(XESPM-II)
a lock-in
to activity
effectively
trace vertical
air masses
based under
on surface
measurements.
This and
technique
used toinmonitor
thetechnique
radioxenon
concentrations
natural
background
high radon
concentrations
allows
to study
progressioninand
speedatmosphere
of atmospheric
Data show
thatpower
the cells
decelerating
during the
raioxenon
activity
concentrations
Beijing
after cells.
Fukushima
nuclear
plantare
accident.
The rapid
summer
period which
is (XESPM-III),
extending in time.
This radioxenon
is caused byisotopes,
warmingplayed
of thean
whole
troposphere
increased
radioxenon
processing
system
detecting
important
role in and
IFE14.
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
over
Some further works related to radioxenon system development are proposed based on the research experiences.
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
T2.2-O5
forecast.Gamma Imaging for On-Site Inspection: Reconstruction of an Extended

Source in a Restricted-Access Zone

N. Murtha1, L. Sinclair2, P. Saull3, A. MacLeod3, A. McCann2

1
T1.1-O5
Detection
Efficiency
of Canada
the IMS for Bolides
Carleton
University,
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P. Brown,
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Ottawa,
University of Western Ontario, London, ON, Canada
3
National Research Council, Ottawa, ON, Canada
Contact:
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
Under the Comprehensive-Nuclear-Test-Ban-Treaty a State Party can request an on-site inspection to establish
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
whether or not a nuclear explosion has been carried out. Gamma radiation measurements would form a key
detections. We found 206 of these bolides were detectable by at least one infrasound 2station while only 42 were
component of the operation. However, the inspected State Party may declare up to 50 km of restricted-access
automatically registered as part
of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
have developed the Silicon photomultiplier-based Compton Telescope
sites (RAs)
each of area up to 4 km2. We
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
for Safety and Security (SCoTSS) gamma imager and survey spectrometer. In a mobile survey along the
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
perimeter
of a restricted-access site, SCoTSS can perform a kind of triangulation to work out the distribution of
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
radioactivity inside. This scenario has been enacted experimentally with controlled distribution of 10 GBq of
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
radioactive lanthanum in an L-shaped pattern of area 3,200 m2 followed by perimeter survey using the SCoTSS
complete above 15 kT with the automated detection system not having reported at least four airbursts with
imager. We have developed tomographic methods to reconstruct the distribution of radioactivity using the
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images
from multiple
points
of view.
Despite
imagermodels
being constrained
to locations
on the
ground
overThe
200
of
the available
literature
we have
developed
3Dthe
realistic
of the underground
structure
after
an UNE.
m
from
the
source,
it
is
possible
to
localize
the
distribution
of
the
radioactivity.
These
experimental
results
and
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
methods
will
be
presented
and
their
potential
application
to
restricted-access
sites
in
on-site
inspection
will
be
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
discussed. regional and distant events), near point double-couple sources (representing aftershocks) and
(representing
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity.
A seismic
wave
generated
by an aftershock
wasfor
much
moreField
difficult
to interpret
in terms of the
T2.2-O7
How
to field
Develop
a Credible
Scenario
Large
Exercises
- Scenario
cavity presenceTask
due to
strong
effects
of
a
radiation
pattern.
Analysis
of
seismic
noise
makes
it possible to
Force Activities
identify cavity at least for relatively shallow cavities.
G. Haquin Gerade, Scenario Task Force
CTBTO Preparatory Commission, Vienna, Austria
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in efforts to build up the on-site inspection (OSI) element of the verification
1
University
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CTBT, asSwitzerland
they allow various inspection activities, techniques, processes and
2
University
of
Alaska
Fairbanks,
AK, USA
procedures to be tested manner against
a robust
and realistic scenario. The OSI Exercise Plan 2016-2020
foresees the conduct
of
three
Build-up
Exercises
(BUE) covering all inspection phases. The development of a
Contact: celso.alvizuri@unil.ch
technically realistic, scientifically credible, rationally coherent and intellectually motivating scenario is crucial
We
seismic
full moment
tensors and
their uncertainties
for (STF)
seven events
at the Northcomprising
Korea nuclear
test
for estimate
testing OSI
capabilities.
Therefore,
a Scenario
Task Force
was established,
selected
site,
consisting
offrom
six declared
nuclear
tests andwho,
onesupported
event, interpreted
as have
a cavity
collapse,
that aoccurred
8
technical
experts
various State
Signatories
by the PTS,
being
developing
contiguous
minutes
thethree
declared
test. We
analyze
that occurred
to developed
the south and
were
scenarioafter
for all
exercises.
The also
scenario
shalltwo
aimearthquake
to facilitateevents
the testing
of recently
inspection
recorded
by updated
the sameprocedures,
set of stations.
We perform asuch
gridassearch
over the six-dimensional
space of moment
techniques,
new infrastructure,
the Equipment,
Storage and Maintenance
Facility
tensors,
synthetic Support
waveforms
at each
moment
tensor grid management
point and then
evaluating
function
(ESMF)generating
and the Operations
Centre
(OSC)
and information
systems
such aasmisfit
the Geospatial
between
the observed
and synthetic
waveforms.
For The
eachposter
moment
tensor an
weoverview
characterize
its objectives,
uncertaintyscope
in terms
Information
Management
system for
OSI (GIMO).
provides
of the
and
of
the variation
misfit
on the faced
eigenvalue
lune,aacomplex
probability
density
for by
moment
tensor
method
of workin
of waveform
the STF, the
challenges
in creating
scenario,
andfunction
the means
which an
OSI
source
type,
a confidence
curve forof
theinspection
probability
that the true
tensor
lies within the neighborhood
scenario
mayand
stimulate
the application
techniques
and moment
inspection
elements.
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events
can be represented
as a sum
of aofdouble
couple and a crack
tensor whose
is near horizontal.
T2.2-O8
The Potential
Use
Interferometric
Techniques
inplane
the Location
and Size

Estimation of Suspected Test Sites
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Spectral
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for Their Seismic Sources
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Institute
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Shanxi,
Interferometric
techniques
using radar
signals
to map the Xi'an,
elevation
of theChina
Earth´s surface or to map differences in
the topography
as
a
function
of
time
have
surged
in
applications
in
the
last
few years. Satellite interferometry,
Contact: jinping@nint.ac.cn
using successive radar images of the Earth's surface are now routinely used to monitor subsidence of
Seismic
spectral
ratios
theoil
2017
North Korean
nuclear test (NKT2017)
and four
other
Korean
teststo
sedimentary
basins
due between
to water or
extraction.
Similar interferometric
instrumentation
is now
also
available
conducted
2013elevation,
(NKT2013),
January,
2016 cloud
(NKT2016J)
and September,
be mountedinin 2009
drones(NKT2009),
at relatively low
allowing
a very dense
of observations
leading to a2016
very
(NKT2016S)
are investigated.
the observed
teleseismic
P-wave
spectral
exhibit
a unique
at
high spatial resolution.
One of All
the main
challenges
of an on-site
inspection
is ratios
the rapid
location
of the notch
potential
approximately
that is large
not observed
regional
P- aand
Lg-wave
spectral ratios.
the networktest site within2.5Hz
a relatively
area. Forforthis
purpose,
number
of geophysical
andMeanwhile,
geodetic techniques
have
averaged
Lg-wave
spectral
ratiointo
is similar
to that
regional
P-wave,
but with
corneravailability
frequenciesof
been proposed
for use
at Entry
Force. Here,
weofpropose
and
demonstrate
thatthe
withsource
the current
significantly
We demonstrated
notch
of teleseismicthe
P-wave
spectral
may site
be
open-source reduced.
satellite images
and the lowthat
costtheofobserved
drone-borne
interferometry,
location
of theratios
suspected
well
modeled
by interference
pP- place
and P-wave,
regional
P-wave spectral
ratios may of
be the
wellground
fitted
where
the nuclear
test may between
have taken
will bewhile
revealed
by subsidence
or deformation
with
source
spectral
ratios predicated
classical
explosion source
models
DJ91
their two
surface.
Thus
interferometry
may bebythe
more economical
method
of a including
first orderMM71,
mapping
theand
location
of a
hybrids.
Results
obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71suspected
test site.
related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
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Utilization of Unmanned System for Environmental Sampling in CTBT OSI
D. Wu, G. Liu, B. Ye, F. Kuang
Shaanxi Thor Intelligent Equipment Co., Ltd., Xi'an, China
Contact: duncanwoo@163.com;297371469@qq.com

Areas contaminated with high or lethal radioactivity are deemed as the highest risk for the OSI inspectors if they
stay or work there. Besides, other harsh environments, tough conditions, limited personnel also makes the
challenge for an OSI system. These circumstances call for an advanced approach to deal with those problems. In
this case, an unmanned system equipped with sampling gears could make the most of its advantages. We
developed an unmanned OSI environmental sampling system prototype, and the laboratory and field tests have
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been carried
out based
on this prototype.
The test Layer
results indicates
that the system
the advantages
of robust
T1.1-O3
Atmospheric
Boundary
as a Laboratory
forhas
Modeling
Infrasound
and functioning properly
in
harsh
conditions
with
the
capability
of
perception,
communication,
navigation,
Propagation and Scattering in the Atmosphere
reliability, persistence, maintainability, mobility, etc. Using this system, the efficiency of OSI environmental
1
1
1
sampling are greatlyI.improved
and the
security
is guaranteed.
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The experimental
resultsV.ofSuvorov,
studying E.
theMelnik
effect of a fine-scale layered structure of a stably stratified atmospheric
A. Belyashov,
boundaryTrofimuk
layer (ABL)
on of
fluctuations
the parameters
of acoustic
pulses generated
with a certain
period (1
Institute
PetroleumofGeology
and Geophysics
of Siberian
Branch of Russian
Academy
min) by of
anSciences
artificial(IPGG
detonation
source
are presented.
The vertical profiles of wind velocity fluctuations in the
SB RAS),
Russian
Federation
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Contact: BelyashovAV@ipgg.sbras.ru;abelyashov@gmail.com
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
to the mechanism
of scattering
of signals
from ground
explosions
by layered
One ofsimilar
the problems
in OSI subsurface
techniques
development
is thesurface
uncertainty
of potential
target nonhomogeneities
objects. In a
of wind
velocity
and includes
temperature
the stratosphere
and lower
thermosphere.
The role of
general
approach
(which
OSIin modelling)
the zones
of explosive
disintegration
aresimilarity
presentedparameter
in
here form
place –the
thickness
of of
theactive
reflecting
which
is the vertical
scale of
simplified
as adimensionless
vacuous cavity
with areas
crushnonhomogeneous
around it. The reallayers,
situation
is described
by more
the layer
multiplied
by the of
relative
differenceareas,
in effective
velocity
normalized
by the
vertical
complicated
models
with presence
other disrupted
includingsound
spall zones
andand
common
fracturing
areas,
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
which could be detected using near-surface seismic surveys. At the Semipalatinsk Test Site, where borehole of
signals
is studied.
estimation
the error
localization
pulsed sources
is given.
UNEsthe
were
conducted,
an The
active
seismic of
survey
usingin diving
wavesofmethod
was carried
out. Acknowledgement:
In the UNEs
This
work
was
supported
by
RFBR
N
18-55-05002
epicenters the spall zones were detected to the average depth of 85 m. Their thickness depends from the yield of
the nuclear charge. P-wave velocity was less than in the surrounding rocks with 1.0-1.5 km/s, S-wave with 0.5
km/s. Under the spall zones to the average depth of 150 m the common fracturing layer was revealed. Parameter
of cracks
density changes
from
0.15 to Through
0.45. Upperthe
se disintegrated
zones may also be used as indicators of
T1.1-O4
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Change
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conducted UNEs. Herewith the spall zones allow to define UNE's hypocenter position and its yield. In this
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presentation we give
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on active
seismic
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during the OSI
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Application
Complex Geopyhsical Research for the On-Site Inspection of
Contact: of
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Nuclear Tests Y

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in
technique
to effectively trace vertical air masses based on surface measurements. This technique
A. Botov,
A. Romanov
allows toInstitute
study progression
and speed
of atmospheric
cells. Data show that the cells are decelerating during the
of Geophysical
Research,
Almaty, Kazakhstan
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Contact: artem.botov@gmail.com;bot.08@bk.ru;botov@igr.kz
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe
low pressure
gradients
that led to(UNE)
almost significantly
stationary thunderstorms
correlated
the observed
Carrying
outwith
nuclear
explosions
underground
reduces thearedisplay
of with
radioactive
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
contamination on the surface. That is why the CTBT foresees a number of geophysical methods during on-site for
confirming
side
of improving
climate change
while providing
a new
tool in seasonal
weather
inspections.
It is several
important
to effects
continue
the geophysical
methods
for modelling
on-site inspections,
especially
underforecast.
the conditions of limited access to the sites that raise suspicions in carrying out nuclear tests. We present
the results of the development of a new representation on mountain rocks and water interaction using various
parameters (dynamic, structural and material) determined at a distance by electrical survey methods. This allows
to establish
bleached
zones and
migration of
andthe
deposits
of materials
T1.1-O5
Detection
Efficiency
IMS for
Bolides (including radioactive ones) in real
geological media. In order to detect hydrodynamic structures that pass through the focal points of an UNE,
P. Brown, N. Gi
tritium exhalation measurements
are used as the main marker of radioactive contamination distribution. The
University of is
Western
London,experimentally
ON, Canada and by geophysical survey in real
validity of these presentations
provedOntario,
theoretically,
conditions at the Semipalatinsk
Test Site. In addition to on-site inspection we propose to use this method to
Contact: pbrown@uwo.ca
study radioactive contamination in other nuclear facilities.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableApplication
literature we have
developed
3D realisticMethod
models ofUsing
the underground
after an UNE.
T2.2-P2
of the
Radionuclide
Tritiumstructure
as an Indicator
forThe
most general model
consists
of cavity, chimney with apical void, crushed zone, fractured zone, environment and
On-Site
Inspection
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
O. Lyakhova,
A. Aidarkhanov,
Larionova,
D. Turchenko,
Timonova aftershocks) and
(representing regional
and distant
events), nearN.point
double-couple
sourcesL.(representing
of Radiation
Safety and Ecology,
National
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Center,
Kurchatov,
Kazakhstan
seismic ambientInstitute
noise. We
then comprehensively
analyzed
the simulated
fields
in the time,
frequency and
time-frequencyContact:
domains.Lyahova@nnc.kz;oxyl2005@yandex.ru
In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity
due to of
strong
effectsboth
of aglobal
radiation
pattern.and
Analysis
seismic noise
makes it possible
Withinpresence
the framework
the CTBT,
monitoring
on-siteofinspections
are conducted.
The task toof
identify
cavity
at least for
relatively
the on-site
inspection
is an
evidenceshallow
reliablecavities.
assessment of the fact that nuclear tests have done. In this paper, a
verification method for identification of nuclear explosions using the tritium content in the environment is
proposed to consider. The possibility of event screening using this method was showed based on observations in
the places ofSeismic
nuclear Full
tests. Moment
It was established
during of
nuclear
testsExplosions
3H enters environmental
objects,
T2.1-O4
Tensor that
Analysis
Nuclear
in North Korea
regardless of the specific features of an explosion. The Semipalatinsk test site’ example showed that in the field
1
2
of ground testing
tritium was
in the top layer of soil with content was about 10E5 Bq/kg. However, in
C. Alvizuri
, C.only
Tapefixed
1
University ofnuclear
Lausanne,
the places of underground
tests,Switzerland
tritium can be contained in surface and underground waters, in snow, in
Fairbanks,ofAK,
USA
plants, in soil2 University
and in air,ofinAlaska
concentrations
10E1÷10E5
Bq/kg. Experimental studies of air contamination
suggested that the concentration of tritium in soil air decreases exponentially with distance from the test venues.
Contact: celso.alvizuri@unil.ch
Investigations of the tritium/Eu-152 ratio in soil found that using such data could give a potential information
about
the nature
of an
explosion.
We
estimate
seismic
full
moment tensors and their uncertainties for seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
recorded
same set Approach
of stations. We
performan
a grid
search over
the six-dimensional
T2.2-P3by theBusiness
to Finish
Unsolved
Dilemma
of the OSI space of moment
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
M.H. Rahman,
Y.I. waveforms.
Bernadib For each moment tensor we characterize its uncertainty in terms
between the observed
and synthetic
Gadjah
Yogyakarta,
of the variationUniversitas
in waveform
misfitMada,
on the
eigenvalueIndonesia
lune, a probability density function for moment tensor
source type, and
a
confidence
curve
for
the
probability
that
the true moment tensor lies within the neighborhood
Contact: m.hibatur.r@mail.ugm.ac.id;m.hibaturrahman@gmail.com
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared
nuclearantest
events,
the collapse
event,
themeasure
two earthquakes.
Moment tensors
for Treaty
the six and
explosion
Under CTBT,
On-Site
Inspection
(OSI)
is theand
final
to verify compliance
with the
can be
events
be represented
as a sum ofevent
a double
a crack explosion.
tensor whose
near horizontal.
used tocan
verify
whether a suspicious
was,couple
in fact,and
a nuclear
Butplane
that is
measurement
tends to get a
false detection from medical radioisotope production released Xenon. It has been an unsolved dilemma between
CTBTO and the MRP. A business approach is one of the choices for this dilemma. The concept is there must be
a company that
will buySpectral
and utilize
the released
Xenon
from MPRs.
As Nuclear
we know, Tests:
Xenon-135
can be used in
T2.1-O5
Seismic
Ratios
Between
North
Korean
Implications
medical or other industry needs. So, the released Xenon can be re-commercialized. This concept is expected to
for Their Seismic Sources
offer a solution for the false-detection of nuclear weapon test from CTBTO and engage the medical radioisotope
production forP.fulfilling
the world demand. Further research will be needed to develop an effective technology
Jin
for transferring
the
Xenon
from the
to Technology,
Xenon basedXi'an,
industry
companies.
Northwest Institute
of MRPs
Nuclear
Shanxi,
China
Contact: jinping@nint.ac.cn
Seismic
spectral
ratios between
the 2017 North
Korean Inspection
nuclear test (NKT2017)
and four other Korean tests
T2.2-P4
Challenges
in Hosting
an On-Site
Regional Course
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
P. Zunino,
N. Ferro
(NKT2016S) are
investigated.
All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
Autoridad
Nuclear
(ARN), Buenos
Aires, Argentina
approximately 2.5Hz
that Regulatoria
is not observed
for regional
P- and Lg-wave
spectral ratios. Meanwhile, the networkaveraged Lg-wave
spectral
ratio
is
similar
to
that
of
regional
P-wave,
but with the source corner frequencies
Contact: pzunino@arn.gob.ar
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
The modeled
specific by
requirements
a course
On-Site
Inspection
(OSI) P-wave
of the CTBTO
Commission,
well
interferenceforbetween
pP-ofand
P-wave,
while regional
spectral Preparatory
ratios may be
well fitted
Vienna,
Austria
(CTBTO)
place some
exceptional
challenges
termsincluding
of venueMM71,
and scenarios,
with
source
spectral
ratios predicated
by classical
explosion
sourceinmodels
DJ91 andequipment
their two
transportation
coordination
among
agencies,
companies
suppliers.
Due
to its extent
is no
hybrids.
Resultsand
obtained
indicate
that different
for NKT2017’s
buried
depth and
in the
range of
600-1100m,
thethere
MM71other
course
like
it
in
the
framework
of
the
CTBTO.
In
April
2018
the
OSI
regional
introductory
course
known
related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
as RIC23
- tookand
place
in Argentina
and the while
Nuclear
Regulatory
Authority
(ARN)
wasare
themuch
main smaller.
Point of Contact
and
NKT2016J
10-25kt
for NKT2016S,
yield
sizes obtained
by model
DJ91
for local organization. This presentation intends to describe the key challenges encountered in organizing a
regional OSI introductory course from the point of view of the hosting country and how they were tackled in the
case of the RIC23. We anticipate that the remarks and lessons learned from this experience may be useful for
preparing similar courses in the future.
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T2.2-P5
Challenges
of On-Site
Inspection
in as
Extreme
Climatic
Y
T1.1-O3
Atmospheric
Boundary
Layer
a Laboratory
forConditions
Modeling Infrasound
Propagation
and Scattering in the Atmosphere
A. Gerasimchuk,
N. Tsimbalist

1
1 Russian Federation
National
Research Nuclear
University1,MEPhI,
Moscow,
I. Chunchuzov
, S. Kulichkov
V. Perepelkin
, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M.
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
gerasim4uk.mephi@yandex.ru
Federation
This work presents a2brief
review
of the Center,
documents
determining
Barva
Innovation
Talin,
Armenia the progress of on-site inspections, as well as an
analysis of the current status of the development of procedures and methods of on-site inspections under the
CTBT. In this studyContact:
we madeigor.chunchuzov@gmail.com
an overview of the field of nuclear testing in different climatic conditions and
made examples
of
potential
difficulties
encountered
inspectors
in such
conditions.
The report
concludes
The experimental results of studying
the effect by
of athe
fine-scale
layered
structure
of a stably
stratified
atmospheric
that it boundary
is necessary
for
the
CTBTO
PC
to
consider
that
these
possible
difficulties
may
affect
the
inspector
training
layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain
period (1
cycles.min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the

thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
T2.2-P6
ESI
Earthquake
Intensity
Helpsurface
of CTBT
OSI’s
similar to
the 2007
mechanism
of scattering
of signalsScale
from in
ground
explosions
by Verification
layered nonhomogeneities
of wind Regime
velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
Audemardby the relative difference in effective sound velocity and normalized by the vertical
the layerF. multiplied
Fundacion
Venezolana
Investigaciones
Caracas,
Venezuela
wavelength.
The effect
of such de
inhomogeneities
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the temporal(FUNVISIS),
fluctuations of
the azimuth
and arrival times of
the signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
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This work was supported by RFBR N 18-55-05002
The Environmental Seismic Intensity scale (ESI-2007) is a recent intensity scale designed, implemented and
tested to measure the damage level of an earthquake. ESI-2007 solely focuses on the impact of a seismic event
on nature.
In other words,
it intends
to establish
the level
damage
from observable Environmental Earthquake
T1.1-O4
Climate
Change
Through
theofEyes
of Radioisotopes
Effects (EEE) that a particular earthquake can generate on ground surface around the epicenter, which include:
2
3
4
6
mass wasting/sliding,L.cracks,
changes, etc.
that sense,
ESI was
with5, two
aims:
1) to
Terzi1, water
M. Kalinowski
, G.In
Wotawa
, P. Saey
, M.proposed
Schoeppner
I. T. main
Hoffman
1
refloat the observational
studyNuclear
of natural
effects,
which(SCK•CEN),
past scales Mol,
used Belgium
to include or use; 2) to evaluate the
Belgian
Research
Center
effect of earthquakes2 CTBTO
in sparsely
populatedCommission,
to unpopulated
areas.
Additionally visual observation (VOB) is a
Preparatory
Vienna,
Austria
3
prime approach of the
OSI Verification
to narrowand
down
and ultimately
define
the location
Central
Institution Regime
for Meteorology
Geodynamics
(ZAMG),
Vienna,
Austriaof a nuclear
4
explosion "ground zero".
SinceAtominstitut,
test sites are Vienna,
placed at
remote sites and tests are performed VOB must look for
TU Wien
Austria
5
"suspicious" man-made
installations
and/or
land/ground
modifications,
as (BOKU),
well as Vienna,
for surface
University
of Natural
Resources
and Applied
Life Sciences
Austriaground
6
modifications characteristic
explosions.
TheseProtection
latter ground
observables
a commonality
between ESI and
HealthofCanada,
Radiation
Bureau,
Ottawa,are
ON,
Canada
OSI-VOB. Furthermore, both also targets remote areas with scarce to no population.
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together

in a lock-in
technique
effectively trace
air masses
on surface
measurements.
This technique
T2.2-P8
Studying
thetoSuspected
Site vertical
of Nuclear
Test based
by Using
Microtremor
Method

allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Mesaad
summer W.T.A.
period which
is extending in time. This is caused by warming of the whole troposphere and increased
Jordan
Seismological
Amman, Jordan
tropopause
height
due to risingObservatory,
CO2 concentrations.
Aestival episodes of persistent high-pressure systems over
Europe with
low
pressure
gradients
that
led
to
almost
stationary thunderstorms are correlated with the observed
Contact: wajdimesaad@yahoo.com;seismic.observatory@memr.gov.jo
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming
several side
effects of
climate
change
while
providing
a new
tool
weather
Microtremor
are continued
vibrations
of the
ground,
having
small
amplitudes
in modelling
the range of
0.1intoseasonal
1 micron.
forecast.
Their origin
is related to natural and artificial disturbances, such as wind, sea waves, traffic industrial noise, and
similar causes. Observation of microtremors can give useful information on dynamic properties of the site such
as predominant period, and amplitude. By taking advantage of the change (Anomaly) in the dominant frequency
measurements
at theDetection
site of study,Efficiency
it is possibleoftothe
develop
probability
of identifying the area, where a nuclear
T1.1-O5
IMSa for
Bolides
test might have occured. Microtremor observations are easy to perform, and inexpensive method. According to
Nakamura (1989) methods,
some
are considered • The microtremor of frequency ranged between
P. Brown,
N. assumptions
Gi
(0.5 to 20 Hz.). • TheUniversity
artificial noise
is mostly
propagated
as ON,
Raleigh
wave. • Horizontal and vertical motions are
of Western
Ontario,
London,
Canada
related to the soil conditions of the observation point and (AH/AV) is close to 1 for the firm soil. • The
Contact: pbrown@uwo.ca
microtremor motion is due to nearby sources and all deep sources are Neglected
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Family
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OSI 3D realistic models of the underground structure after an UNE. The
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with apical void, crushed zone, fractured zone, environment and
2
A.R.K.
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free surface. We
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numerical
modeling of seismic wave fields due to plane-wave excitation
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events),Authority,
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Jordan
seismic ambient Jordan
noise. We
then comprehensively
analyzed
simulated wave fields in the time, frequency and
time-frequencyContact:
domains.inmd_ahlam@yahoo.com;inmdahlam@gmail.com
In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
The OSI
coursesdue
have
participants
whether
they of
areseismic
in the course
of the inspectors,
cavity
presence
to many
strongbenefits
effects for
of athe
radiation
pattern.
Analysis
noise makes
it possible the
to
beginners'
courses
or local
workshops.
Theycavities.
can develop the personal skills of the trainee through practice which
identify
cavity
at least
for relatively
shallow
will be useful for the trainee and future OSI member. Working together with individuals as a team helps to build
strong bonds between them and allows new ideas to flourish and thus achieve goals faster, feel confident and
respectful and thus make strong friendships that will grow among all. This will always motivate them to give
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
more and become a strong family. After the beginning of the ongoing 3TC training program, started in 2016 with
1
2
many courses,C.the
OSI started
to work
as one team benefiting from the expertise of specialists (trainers) to use
Alvizuri
, C. Tape
1
the latest technologies
andof equipment
for the inspection process. This experience built a single integrated and
University
Lausanne, Switzerland
2
interrelated family
despiteofthe
different
traditions
countries. They celebrate their birthdays, grieve with their
University
Alaska
Fairbanks,
AK,and
USA
sorrows and communicate with different social media not only in training times but also outside training. This
Contact:
celso.alvizuri@unil.ch
helps the inspectors
to perform
training in harsh environments, remote areas and under different conditions.
We estimate seismic full moment tensors and their uncertainties for seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes
after the
declared
test. We also
analyze two
earthquake
events Events
that occurred
to Semipalatinsk
the south and were
T2.2-P11
The
Identification
of Ground
Zeros
of Nuclear
of the
recorded by theTest
sameSite
set of stations. We perform a grid search over the six-dimensional space of moment
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
P. Krivitskiy,
M. Umarov
between the observed
and synthetic
waveforms. For each moment tensor we characterize its uncertainty in terms
"Institute
of Radiation
Safety and lune,
Ecology"
of the RSEdensity
"National
Nuclear
of the
of the variationBranch
in waveform
misfit
on the eigenvalue
a probability
function
forCenter
moment
tensor
Republic
of Kazakhstan"
source type, and
a confidence
curve for the probability that the true moment tensor lies within the neighborhood
of the best-fitting
moment
tensor. We find that the moment tensor source types are clearly separated for the six
Contact:
krivitskiy@nnc.kz
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events
be represented
as a sum of a Field"
doubleground
couple and
a crack
tensor whose
is near
In the can
territory
of the "Experimental
of the
Semipalatinsk
test plane
site there
arehorizontal.
a great number of
ground zeros of nuclear events. In case there is a crater, a ground zero is quite easy to identify. However, in case
of no technogenic disturbances it is impossible to spot it visually. A detailed analysis of Cs-137 and Am-241 has
shown that due
to these Spectral
meteorologically
transported
forms aNuclear
displacement
of the
real ground zero,
T2.1-O5
Seismic
Ratios
Betweenproducts,
Norththis
Korean
Tests:
Implications
and in some cases, a ground zero cannot be detected. In this context, neutron activation products, in particular
for Their Seismic Sources
Eu-152, are assumed to be the most effective to reveal ground zeros of nuclear events. For the technique to be
processed, surface
P. Jinsoil samples were collected at different distances from the supposed ground zero of a nuclear
event. Fractional
sampleInstitute
analysis
was carried
out; extra
deep-earth
soil sampling was made. Based on the
Northwest
of Nuclear
Technology,
Xi'an,
Shanxi, China
mineralogical analysis, sampling should be made at a depth of 5-10 cm rather than on the surface, as the surface
Contact:
jinping@nint.ac.cn
layer is subjected
to contamination
due to radionuclides fallout after the explosion. For research one should use a
coarse
fraction
because
it
is
less
subjected
transfer.
Seismic spectral ratios between the 2017 to
North
Korean nuclear test (NKT2017) and four other Korean tests

conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
approximately
thatMajor
is not observed
for regional
Lg-wave
ratios. Meanwhile, the networkT2.2-P15 2.5Hz
VNIIA
Activities
RelatedP-toand
the
CTBTspectral
Technologies
averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
O. Gerasimchuk,
G. Zasimov,
E. observed
Kremenetskaya
Popov, M.
Orlov,spectral
M. Chernov,
significantly reduced.
We demonstrated
that the
notch of, A.
teleseismic
P-wave
ratios may be
O.
Tkachev
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
All-Russia
of Automatics
N.L.including
Dukhov (VNIIA),
Moscow,
with source spectral
ratiosResearch
predicatedInstitute
by classical
explosionnamed
sourceafter
models
MM71, DJ91
and Russian
their two
Federation
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models Contact:
give a yield
estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
glebzasimov@yandex.ru;firsov@vniia.ru
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
VNIIA is the leading organization of ROSATOM in implementing the CTBT and is currently performing a set of
research activities: -provides scientific and methodological support and develops hardware and software
solutions to ensure the CTBT OSI activities, carries out an integral assessment and forecast of technical
capacities within the verification regime for compliance with the CTBT, analyzes the effectiveness of control
means and the informative value of IDC data; -participates in the analysis of events evidencing a possible noncompliance with the Treaty by States Parties; collects geophysical and radionuclide data based on IDC products;
-improves the information and analytical system in order to use it in the applied research for the activities of
Rosatom within the CTBT verification regime and other treaties limiting nuclear tests; -studies and improves
processes for detection and localization of weak seismo-acoustic events at distances on a regional scale (using
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the example
of DPRK);
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System Software
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(MIKS)
I. Chunchuzov , S. Kulichkov , V. Perepelkin , O. Popov1, A. Vardanyan2, G. Ayvazyan2
1

A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
2
Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Climate Change Through the Eyes of Radioisotopes
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T1.1-O5

Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
Oral Presentations
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at least for relatively shallow cavities.

T2.3 Seismoacoustic Sources in Theory and Practice
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8
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ray
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Since
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whose
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configurations to improve detection rate. Installing the sensors that meet the CTBTO’s standard regulations and
find optimal wind-noise reducing systems are also important.
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Seismic spectral
ratios between
the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
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regional
P, surface,
the P+surface
waves P-wave
simultaneously
estimate
reduced
displacement
(NKT2016S)
investigated.
All and
the observed
teleseismic
spectral to
ratios
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a unique
notch at
potential (RDP)
and that
depth
(DOB)
DPRKPnuclear
explosions,
usingratios.
waveforms
from the
approximately
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notburial
observed
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spectral
Meanwhile,
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IRIS DMC.
RDPs are
predicted
the formula
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The but
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with corner
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Lg-wave
spectral
ratio using
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to that in
ofSaikia
regional
P-wave,
with the
source
frequencies
DOBs
for
two
explosions.
RDP
of
one
explosion
S1
is
convolved
with
the
other
explosion
recorded
data
O2, and
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may
be
vice-versa
(i.e.,
S2
with
O1),
which
generates
two
convolution
seismograms:
S1*O2
and
S2*O1.
The
objective
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
is tosource
minimize
the differential
error between
the explosion
two convolution
seismograms,
andMM71,
achieveDJ91
an optimization
by
with
spectral
ratios predicated
by classical
source models
including
and their two
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through
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space.
Next
we
fix
the
RDP
and
DOBs
of
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explosions
using
the
derived
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values
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we have two
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source
related
models
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about to
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for NKT2017,
3-7ktThus,
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for NKT2013
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seismograms:
S3*O1
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to
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the
global
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these
constructed
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seismograms. We continue the process until the last explosion is included. The investigation resulted RDP and
DOB parameters consistent with those established by other investigators except for the September 3, 2017
explosion, which is caused by the influence of non-isotropic seismic sources, andwhich is a topic of current
investigation.
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explosion
source-region
to
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We
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the
analysis
of
all
SPE
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This work was supported by RFBR N 18-55-05002
data, summarize how modeling predictions compare to observed data and draw lessons learned. We also share
insights on the main mechanisms of generating shear motions in granite and alluvium. Moreover, the team has
developed schemes of uncertainty propagation of the geological characterization and geophysical parameters
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
pertinent to denied access and remote sites. We present the impacts of those uncertainties on enhancing source
discrimination.
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Contact:
dwsteed@lanl.gov
in a lock-in
technique
to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
The buried chemical explosion tests of the Source Physics Experiment (SPE) includes a near-source three-axis
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
borehole
accelerometer
analysis
combined with Aestival
numericalepisodes
modeling
better understanding
tropopause
heightarray.
due toData
rising
CO2 concentrations.
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systems over
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shock
phenomenology
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particular
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on
anomalous
shear
motion.
SPE
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Europe with low pressure gradients that led to almost stationary thunderstorms are correlated
withPhase
the observed
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jointed
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and
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(alluvium).
Both
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
phasesconfirming
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traces
side effects
of climatedepth-of-burial
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a new modelling
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which
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following the peak radial pulse. We describe our hypothesis of a granite joint slip mechanism resulting from
loading and subsequent unloading of the joints. Data traces and results of explicitly-jointed finite element
calculations are presented to illustrate the mechanism. We illustrate that this phenomenon is evident only in
Efficiency
of thethese
IMS
for Bolides
Phase T1.1-O5
I tests within Detection
a range of SDOB.
We contrast
results
to the Phase II data where there are no natural
joints, and where data indicate an absence of non-radial motion. We correlate the relation between Phase I
P. Brown, N. Gi
SDOB and shear release observations to the DPRK announced tests, also in granite, and the likelihood of those
University of Western Ontario, London, ON, Canada
tests to confuse MS:mb earthquake/explosion discrimination.
Contact: pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Seismic Spectral Ratios Between North Korean Nuclear Tests: Implications
Sunda Strait Tsunami
tookSeismic
place on Sources
22 December 2018. Two days later a post survey was conducted in the area
for Their

surrounding the strait, along the coast of the Banten and the coast of Lampung. The results of 28 measurement
points revealed
P. that
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no
earthquake
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felt
before
the
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(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly
We and
demonstrated
thatof
thethe
observed
notch ofSignals
teleseismic
P-wave
spectral
ratios may be
T2.3-P3 reduced.
Analysis
Modeling
Infrasound
from
the 2017
DPRK
well modeled by
interference
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pPand
P-wave,
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P-wave
spectral
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Nuclear Explosion at IMS Station IS45
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
hybrids. Results
indicate
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Pilger, K.
Koch that for NKT2017’s buried depth in the range of 600-1100m, the MM71Institute
for Geosciences
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related models Federal
give a yield
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about 100-300kt
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Strong infrasound signals from the Democratic People’s Republic of Korea (DPRK) underground nuclear test on
3 September 2017 were observed at IMS infrasound station IS45 in Russia around 25 minutes after the
explosion, consisting of 2 distinct high-amplitude peaks about 1 min apart. From Progressive Multi-Channel
Correlation (PMCC) processing and frequency wave-number analysis these arrivals yield distinctly different
estimates for back azimuth and apparent (trace) velocity indicating different propagation paths. Furthermore, we
were able to identify some weaker precursory arrivals as well as an infrasound arrival about 8 minutes later, thus
presumed to be associated with the explosion's aftershock, i.e. collapse event. For the numerical modeling of the
identified infrasonic phases we applied two-dimensional (2D) ray-tracing and 1-D parabolic equation methods
with atmospheric velocity profiles derived from an ECMWF forecast model augmented by empirically deduced
velocity variations. These propagation calculations indicate for epicentral seismic-acoustic wave conversion that
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signal. For the precursory signals we applied grid search calculations for backtracking the likely source regions
Propagation and Scattering in the Atmosphere
where additional conversions of seismic waves into acoustic energy occurred.
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relationship, the release of energy for this event is between 5 and 103 kt.
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows toComplex
study progression
and speedInvestigations
of atmospheric cells.
Data
show that the
cells are decelerating
during the
T2.3-P6
Seismological
near
Bulgarian
Antarctic
Base
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
1
2
2
2
2
G. Georgieva
Dimitrova
, V. Gourev1, V.
Protopopova
I. Aleksandrova
, over
tropopause
height due ,toL.rising
CO2 concentrations.
Aestival
episodes, P.
of Raykova
persistent ,high-pressure
systems
2
2
, D. Dimitrov
I. Popova
Europe with
low pressure
gradients that led to almost stationary thunderstorms are correlated with the observed
1
National
Institute incell
Geophysics,
Geodesy
and Geography,
Sofia,
Bulgaria
deceleration
of atmospheric
movement.
This demonstrates
that 7Be
and
22Na can be used as indicators for
2
University
of National
World Economy,
Sofia,providing
Bulgariaa new modelling tool in seasonal weather
confirming
several side
effects and
of climate
change while
forecast.Contact: ggeorgieva@phys.uni-sofia.bg
Bulgarian Antarctic seismic station LIVV was operational during three astral summers between 2015 and 2018
on Livingston
Island,Detection
Antarctica.Efficiency
The estimated
of the
seismic equipment shows the capability of
T1.1-O5
ofperformance
the IMS for
Bolides
the station to register seismic events of different nature. More than 12000 seismic events were recorded, most of
them related to the seismicity
A big number of local earthquakes was also registered. Two methods
P. Brown,ofN.glaciers.
Gi
were used for earthquake
location.
First oneOntario,
used data
from only
station and was based on Golitsyn’s method
University
of Western
London,
ON,one
Canada
and Vincenty formula. Second one applied DHypo software with different velocity models and seismic phases
Contact: pbrown@uwo.ca
from four Spanish stations deployed on Deception Island Volcano and two Argentinean-Italian (AI) stations. To
study the
used different
technics
and procedures:
for epicenter
one type of
In glacial
this seismicity
study wewe examined
344
bolides
(airbursts) 1)reported
on estimations
the JPL ofCNEOS
website
icequakes
a developed code for a single station
location
was applied;
GNSS measurements
at the with
surface
of
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and 2)attempt
to correlate these
infrasound
glacierdetections.
Perunika were
conducted
andthese
meteorological
were collected.
We found
206 of
bolides weredata
detectable
by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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ofT2.3-P8
the availableDeployment
literature we have
3DInfrasound
realistic models
of the in
underground
of developed
Temporal
Array
Ecuadorstructure after an UNE. The
most general model consists of cavity,
chimney
with
apical
void,
crushed
zone,
fractured zone,
environment and
1
2
2
2
2
M.C.
Ruiz Romero
, J.numerical
Robertsonmodeling
, P. Mialle
, J. Marty
, P.fields
Martysevich
free surface. We
performed
extensive
of
seismic
wave
due
to
plane-wave
excitation
1
Institutoand
Geofisico,
(representing regional
distant Ecuador
events), near point double-couple sources (representing aftershocks) and
2
Preparatory
Commission,analyzed
Vienna, Austria
seismic ambient CTBTO
noise. We
then comprehensively
the simulated wave fields in the time, frequency and
time-frequencyContact:
domains.mruiz@igepn.edu.ec;ruiz_mario@hotmail.com
In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
In 2018,
a fourdue
element
portable
infrasound
array pattern.
was deployed
in of
theseismic
Ecuadorean
cavity
presence
to strong
effects
of a radiation
Analysis
noise Amazon
makes it region,
possiblenear
to
Reventador
Thisrelatively
experiment
was cavities.
carried out as a collaborative effort between the CTBTO and the
identify
cavityvolcano.
at least for
shallow
Instituto Geofisico, Quito. Due to the amount and frequency of local infrasound sources (e.g. active volcanoes),
the mainland portable array installation provides a large amount of data useful for comparisons against
permanent IMS stations, such as the relatively nearby IS20, and also other regional IMS infrasound stations (e.g.
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
IS14, IS08, IS13, etc.). In addition, the proximity of the both IS20 and the portable array to active volcanoes in
1
the region, allow
the Instito
C. Alvizuri
, C.Geofisico
Tape2 and the CTBTO to continue to assess local volcano hazards and to gain
1
knowledge of the
region. of Lausanne, Switzerland
University
2
University of Alaska Fairbanks, AK, USA

T2.3-P9

Contact: celso.alvizuri@unil.ch

Detection and Interpretation of Seismoacoustic and Seismic Events at NDC

We estimate seismic
Iraq full moment tensors and their uncertainties for seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
Y.H.
Shamkhi
minutes after the
declared
test. We also analyze two earthquake events that occurred to the south and were
National
Authority,
Iraq over the six-dimensional space of moment
recorded by theIraqi
same
set of Monitoring
stations. We
perform Baghdad,
a grid search
tensors, generating
synthetic
waveforms
at
each
moment
tensor
grid point and then evaluating a misfit function
Contact: yoyohrm@yahoo.com;yasmin_hameed32@yahoo.com
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
ofWe
thestudy
variation
in waveform
misfit onwhich
the eigenvalue
lune,
a probability
density
function for
moment nuclear
tensor
explosions
and earthquakes
occur in our
region
and worldwide
to contribute
to stopping
source
type, and
and support
a confidence
curve for the probability
that the Treaty
true moment
tensor
lies within
the neighborhood
explosions
the Comprehensive
Nuclear-Test-Ban
(CTBT)
verification
regime.
The National
ofData
the Center
best-fitting
moment
We find that
the moment
tensor to
source
separated Monitoring
for the six
(NDC)
in Iraqtensor.
was established
to enable
the country
have types
accessare
to clearly
the International
declared
nucleardata
test and
events,
the collapse event,
and the(IDC)
two earthquakes.
tensors
six explosion
System (IMS)
the International
Data Center
products. InMoment
our capacity
wefor
arethe
helping
to verify
events
can be with
represented
as a sum
a double
and aexpertise
crack tensor
near horizontal.
compliance
the CTBT.
Ourofcenter
hascouple
technical
in whose
seismicplane
and isradionuclide
technologies.
Recently we started working with IMS infrasound data. We analyzed an explosion in Ukrainian ammunition
depot, which took place on 9 October 2018. We used IDC products and data from infrasound stations to analyze
this event with
softwareSpectral
DTK-(G)PMCC
Multi-Channel
Correlation).
weImplications
applied the NDCT2.1-O5
Seismic
Ratios(Progressive
Between North
Korean
Nuclear Also,
Tests:
in-a-Box software package (Geotool, SeisComP3) to analyze a seismic event that occurred at the Iran-Iraq
for Their Seismic Sources
border on 06-01-2019. Recently a Capacity Building System (CBS) was installed by the CTBTO team in our
NDC. We areP.using
Jin IDC data and products and CBS data for the purpose of developing our capacity to receive,
analyze and investigate
Northwest incident
Instituteevents.
of Nuclear Technology, Xi'an, Shanxi, China
Contact: jinping@nint.ac.cn
Seismic
spectral
ratios between
2017 North Korean
nuclear
test (NKT2017)
and four
other Korean tests
T2.3-P10
Determine
the the
Relationship
Between
Seismic
and Acoustic
Signals
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
T. Lkhagva,
O. Chimed
(NKT2016S) are
investigated.
All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
Institute
of is
Astronomy
and Geophysics,
Mongolian
Academy
of Science,
Ulaanbaatar,
approximately 2.5Hz
that
not observed
for regional Pand Lg-wave
spectral
ratios. Meanwhile,
theMongolia
networkaveraged Lg-wave
spectral
ratio
is
similar
to
that
of
regional
P-wave,
but
with
the
source
corner
frequencies
Contact: tungalag@iag.ac.mn
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
There
are hundreds
of mines between
and quarries
territory
of Mongolia
blasts
withratios
varying
yields
and fitted
firing
well
modeled
by interference
pP- in
andtheP-wave,
while
regional using
P-wave
spectral
may
be well
schemes.
mining-related
explosions
occupy
a large source
part of models
the seismic
catalogue
issued
thetheir
IAG.two
To
with
sourceThese
spectral
ratios predicated
by classical
explosion
including
MM71,
DJ91byand
discriminate
between
the earthquakes
is more
as the sizes
distances are the
different
for
hybrids.
Results
obtained
indicate thatand
forexplosions
NKT2017’s
burieddifficult
depth in
rangeand
of 600-1100m,
MM71all events.
This
study
is designed
to about
quantify
the Baganuur
mining 3-7kt
explosions
using seismic
infrasound
related
models
give
a yield
estimation
100-300kt
for NKT2017,
for NKT2019,
6-15ktand
for NKT2013
station
data.
The
study
uses
ground
truth
coal
mining
explosion
data
from
2016
which
were
obtained
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller. from the
Baganuur mine company. In total data from 167 explosions were used for this analysis. Using infrasound station
data, we estimated a minimum explosive level that can be detected at infrasound stations. We also included a
seasonal variation in the detectable levels of explosive. For seismic acoustic data, we estimated a relationship
between the mining explosions total explosive yields with peak amplitude, magnitude and Arias intensity. A
waveform cross correlation technique was used in order to find the detection threshold level using a master event
of the Baganuur mining area.
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T2.3-P11
Discrimination
Between
Quarry
Blasts
Local Earthquakes
in Aswan,
T1.1-O3
Atmospheric
Boundary
Layer
as aand
Laboratory
for Modeling
Infrasound
EgyptPropagation and Scattering in the Atmosphere
A. Ismail
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1 Research Institute of Astronomy and Geophysics, Cairo, Egypt
National
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:Federation
awad_hassoup@hotmail.com
2
Barva Innovation Center, Talin, Armenia
A modern and sensitive seismic network (ASN) for monitoring the earthquakes beneath Nasser Lake has been
Contact:
operating in Aswan since
Juneigor.chunchuzov@gmail.com
1982. It is comprised of 23 field stations distributed south of Aswan High Dam.
ASN records
are
clear
and
high
digital
waveform
In that
region,ofseismic
are
The experimental results ofquality
studying
the effect
of a seismograms.
fine-scale layered
structure
a stablydisturbances
stratified atmospheric
also generated
by
the
ongoing
quarry
blasts
carried
out
mostly
during
the
day
time.
Sometimes
they
are
mistaken
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
for themin)
micro-earthquake
activity
of thesource
area. Thus,
the discrimination
between
quarry
blast velocity
and localfluctuations
earthquake in the
by an artificial
detonation
are presented.
The vertical
profiles
of wind
seismograms
is
important.
In
fact,
multi-criteria
investigations
are
now
well
known
for
identifying
features
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded
arrivals of
which pulses
distinguish
natural
events
(earthquakes)
from
explosions.
This
study
presents
a
comparison
between
from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
source similar
properties
of mechanism
the quarry blasts
and natural
events
(i.e.,ground
amplitude,
periods
and waveform).
The P to S
to the
of scattering
of signals
from
surface
explosions
by layered nonhomogeneities
spectrum
and
logarithmic
amplitude
values
of
15
quarry
blasts
and
15
micro-earthquakes
of
magnitude
(ML) parameter
<3
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity
were compared
an attempt to examine
short-period
on those
events
from
Aswan
area.
here placewith
the dimensionless
thicknessthe
of the
reflectingdiscriminants
nonhomogeneous
layers,
which
is the
vertical
scale of
Aswanthe
seismic
are of
which
allows neglecting
the propagation
correction.
Thevertical
layer events
multiplied
by near-source
the relative effects,
difference
in effective
sound velocity
and normalized
by the
comparison
between
quarryofblast
an earthquakeoninvolves
the source
effectsof parameters
dynamic
wavelength.
Thea effect
suchand
inhomogeneities
the temporal
fluctuations
the azimuth(i.e.,
and arrival
times of
characteristics
of
waves,
amplitudes,
periods,
and
waveform).
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T2.3-P12 Distributed Acoustic Sensing Observations and Modeling of the DAG Series
of Chemical
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ClimateExplosions
Change Through the Eyes of Radioisotopes
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, M. Kalinowski
, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
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Research
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Commission,
Vienna,
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3
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and
Geodynamics
(ZAMG), Vienna, Austria
Contact:
reabbot@sandia.gov
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TU Wien Atominstitut, Vienna, Austria
The Dry Alluvium 5Geology
(DAG)
seriesResources
of chemical
explosions
aim to increase
understanding
of
University
of Natural
and Applied
Life Sciences
(BOKU), our
Vienna,
Austria
6
explosion-source seismic,
acoustic,
andRadiation
electromagnetic
phenomenology.
TheON,
explosion
series takes place on the
Health
Canada,
Protection
Bureau, Ottawa,
Canada
Nevada National Security Site (NNSS) in an alluvium geology. As of December 2018, two of the planned four
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
explosions have been detonated in a common borehole on Yucca Flat: 1,000 kg TNT-equivalent at 385-m depthof-burial
and 50,000radionuclides
kg TNT-equivalent
at 300and
m. sodium-22
A component
the DAG
diagnostic
instrumentation
Cosmogenic
beryllium-7
areofknown
atmospheric
tracers
and can beconsists
used together
of surface-laid
and
downhole
fiber
optic
distributed
acoustic
sensing
(DAS)
cables.
A
helically-wound
in a lock-in technique to effectively trace vertical air masses based on surface measurements. Thisfiber
technique
installed
in two
vertical
boreholesand
80-m
from
ground zerocells.
(GZ)Data
and show
a traditional
straight fiber
allows
to study
progression
speed
of atmospheric
that the surface-laid
cells are decelerating
during the
extending
fromperiod
GZ towhich
2 kmis recorded
explosions.
present
both modeling
and observations
of the
summer
extendingthe
in time.
This is We
caused
by warming
of the whole
troposphere and
increased
explosions.
Phenomenology
far include
near-source
S high-pressure
waves, post-event
tropopause
height due to observed
rising CO2thus
concentrations.
Aestival
episodesgenerated
of persistent
systems over
microseismicity,
andlow
surface
spall.
Europe with
pressure
gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.Estimating Seismic Source Depths Using Body and Surface Wave
T2.3-P13
1

Observations

R. Heyburn,
N. Selby,
D. Bowers
T1.1-O5
Detection
Efficiency
of the IMS for Bolides

AWE Blacknest, Reading, United Kingdom
P. Brown, N. Gi
Contact: ross@blacknest.gov.uk
University of Western Ontario, London, ON, Canada
The ability to confidently
estimate
the depths of small-to-medium sized (mb < 5) seismic disturbances is
Contact:
pbrown@uwo.ca
important when monitoring compliance with the CTBT. Source depths can be determined by identification of
In this
we and
examined
bolides
(airbursts)amplitude
reportedspectra.
on the
JPL CNEOS
teleseismic
depth study
phases pP
sP, and by344
modelling
surface-wave
The radiation
pattern ofwebsite
between
and attempt
correlate
these with depth
infrasound
pP and(https://cneos.jpl.nasa.gov/fireballs/)
fundamental-mode Rayleigh amplitudes
show2007-2018
the effectiveness
of these to
methods
for earthquake
detections.
Weonfound
206 of theseofbolides
weremechanism,
detectable by
at least
onestructure,
infrasoundand
station
while only
42 were
estimation
depends
the orientation
the focal
local
source
recording
station
automatically
as part of predicted
the Reviewed
Event Bulletin
(REB)
dailyforbystations
CTBTO.
locations.
For some registered
focal mechanisms,
amplitudes
of pP will
onlyissued
be large
in However,
certain this
global
detection
of ~10%
from
2007-2018
is less
thanonly
theoccur
"modern"
(from
2014-2018)
locations,
andREB
Rayleigh
waverate
spectral
nulls averaged
that tightly
constrain
the depth
often
for a rate
limited
range
of
which
20%.
Abovewhere
the 1 Rayleigh
kT CTBTO
design
threshold,
we not
findobserved
that 40%and
of airbursts
aredepth
reported in
azimuths.
Weapproaches
show that for
sources
wave
spectral
nulls are
the source
REB, while
more
than 90% are
at one orobtained
more infrasound
stations.
All airbursts
with energy
cannotthe
therefore
be well
constrained,
the detectable
focal mechanism
can be used
to predict
the locations
of > 2
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REB
stations where pP should have a large amplitude, and hence has the potential for positive identification byis only
complete
above 15could
kT with
the automated
detection
system
having reported
at in
least
fournetworks.
airbursts with
analysts.
These stations
be IMS
seismic stations,
and/or
opennot
seismometer
stations
other
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These
estimatedliterature
source depths
can
also be used
in a jointmodels
inversion
of underground
body and surface-wave
dataanfor
the focal
of
the available
we have
developed
3D realistic
of the
structure after
UNE.
The
mechanism.
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic
ambientHigh-Precision
noise. We then comprehensively
analyzed the simulated wave
fields in the
time, frequency
T2.3-P15
Teleseismic Double-Difference
Earthquake
Relocation
of and
time-frequencyPalu
domains.
In
a
seismic
wave
field
due
to
a
distant
source
it
was
possible
to
identify
and
locate
– Koro Earthquake M 7.4
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presenceN.due
to strong effects
of a radiation
pattern.
Analysis ofS. seismic
Heryandoko,
Y.H. Perdana,
A.N. Vita,
S. Pakpahan,
Rohadi noise makes it possible to
identify cavity at
least for relatively
shallow
cavities.Climatology and Geophysics (BMKG), National
Indonesian
Agency for
Meteorology,
Seismological Center, Jakarta, Indonesia
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Contact: tio.prakoso08@gmail.com;tio.prakoso@bmkg.go.id

Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea

The Sulawesi region has complex tectonic conditions. One of the main sources of seismicity in the study area is
1
2
Alvizuri
, C.with
Tape
the Palu-Koro1C.fault
activity
the application of left lateral strike-slip. On September 28, 2018, at 17.02.45
University
of Lausanne,
Switzerland
WIB (GMT +2 7),
an earthquake
of M 7.4
occurred to cause a tsunami hazard in the areas of Palu and Donggala.
University
of
Alaska
Fairbanks,
USA
BMKG sensor recorded 835 aftershocks untilAK,
November
25, 2018. In this study we use 3D seismic‐wave
velocity model
with a celso.alvizuri@unil.ch
grid size 1°×1° in the travel‐time calculations. The results of the relocation show the
Contact:
earthquake patterns along the Palu-Koro fault, and the Matano fault with shallow depth (d> 70km).
We estimate seismic full moment tensors and their uncertainties for seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
T2.3-P16 Hybrid Waveform Modeling for Small-Scale Source Complexity at
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
Teleseismic
Distancesat each moment tensor grid point and then evaluating a misfit function
tensors, generating
synthetic waveforms
1
2 tensor we characterize
between the observed
and
synthetic
For2,each
moment
its uncertainty in terms
M. Pienkowska-Cotewaveforms.
, S. Nippress
D. Bowers
, T. Nissen-Meyer1
of the variation1 University
in waveform
misfit
on
the
eigenvalue
lune,
a
probability
density
function
for moment tensor
of Oxford, United Kingdom
2 a confidence curve for the probability that the true moment tensor lies within the neighborhood
source type, and
AWE Blacknest, Reading, United Kingdom
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
Contact:
stuart@blacknest.gov.uk
declared nuclear
test events,
the collapse event, and the two earthquakes. Moment tensors for the six explosion
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
In order to improve event detection, location, and identification, we need to better understand the complexities
governing high frequency teleseismic wavefields. However, despite rapid hardware and software developments,
capturing a broad range of heterogeneities with conventional seismic wave propagation remains computationally
T2.1-O5
Spectral
Northcomplexity
Korean and
Nuclear
Tests: Implications
prohibitive onSeismic
the global
scale. ToRatios
bridge Between
the gap between
computational
cost, we present a
global Instaseis-based
(van
Driel etSources
al. 2015, www.instaseis.info) injection type hybrid method. The modified
for Their
Seismic
Instaseis interface couples the global wave-propagation solver, AxiSEM (Nissen-Meyer et al. 2014,
P. Jin
seis.earth.ox.ac.uk/axisem),
with an arbitrary three-dimensional solver of choice (in this work we use WPP), and
Institute
Nuclear
Technology,
Xi'an,
Shanxi, China
thus embeds aNorthwest
heterogeneous
3D of
domain
within
a spherically
symmetric
Earth model either around the source, at
depth or on the
receiver
side.
Complex
structures
can
be
accounted
for
in the source region in order to model
Contact: jinping@nint.ac.cn
specific seismic observations that are caused by near-source phenomenology, like topography and 3D geology.
Seismic
spectral
ratios between
2017
Northinto
Korean
nuclear test
other Korean
teststo
Such hybrid
simulations
providethe
more
insight
understanding
and(NKT2017)
quantifyingand
howfour
structures
contribute
conducted
in 2009 (NKT2009),
2013distances
(NKT2013),
2016
(NKT2016J)
andonset
September,
waveform characteristics
at teleseismic
(such asJanuary,
amplitude,
dominant
frequency,
form and 2016
pulse
(NKT2016S)
arethus
investigated.
All the
P-wave
spectral ratios
exhibit
unique explosion
notch at
duration), and
could refine
our observed
detection,teleseismic
location and
identification
capacities
in anuclear
approximately
2.5Hz
that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkmonitoring using
seismology.
averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
T2.3-P17 Implications for S Wave Generation from Subsurface Chemical Explosions
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
Using
Large
Arrays
of Sensors
hybrids. Results
obtained
indicate
that for
NKT2017’s buried depth in the range of 600-1100m, the MM711 estimation about
1
1
1
related models R.
give
a
yield
100-300kt
NKT2017,
3-7kt2,for
6-15kt
for3,NKT2013
Mellors , A. Pitarka , E. Matzel
, W.for
Walter
, T. Chen
C. NKT2019,
Snelson2, R.
Abbott
4
4
and NKT2016JC.
andZeiler
10-25kt
for
NKT2016S,
while
yield
sizes
obtained
by
model
DJ91
are
much
smaller.
, J. Bonner
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4
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2

Contact: mellors1@llnl.gov
The Source Physics Experiment (SPE) is a series of instrumented chemical explosions at the Nevada National
Security Site (NNSS) designed to improve understanding of seismic wave generation and propagation from
explosions. In April 2016 a temporary deployment of 996 geophones was installed at distances of 400 to 3000 m
from a buried (76.5 m) 5000 kg TNT equivalent chemical explosion. The explosion was situated in a weathered
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Atmospheric
Layer
as a Laboratory
forThe
Modeling
Infrasound
graniteT1.1-O3
body surrounded
by volcanicBoundary
tuffs, Paleozoic
carbonates,
and alluvium.
experiment
included an
active source campaign
using a weight
In December
a similar deployment (~500 sensors) was
Propagation
and drop.
Scattering
in the2018
Atmosphere
installed around a 50,000 kg TNT equivalent
chemical
explosion at 1a depth of 300
m. The geologic
setting was 2
1
1
1
2
I. Chunchuzov
, S.substantial
Kulichkov
, V. Perepelkin
, O. Popov
, A. Vardanyan
Ayvazyan
alluvium over basement.
Results show
differences
in waveforms
and associated
particle, G.
motions
over
1
A.M.
Obukhov Institute
Physics,was
Russian
Academy
of Science,
Moscow,
Russian
small spatial distances.
Characterization
of of
theAtmospheric
velocity structure
conducted
using
first arrival
P wave
Federation
analysis, interferometry,
and
inter-station
correlation.
Statistical
estimations
of
the
spatial
heterogeneity
based
on
2
Innovation
Center,ofTalin,
Armenia using 3D numerical models and demonstrated
the recorded data led Barva
to improved
modelling
the waveforms
that path conversionsContact:
account for
a significant component of the observed S waves.
igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
T2.3-P18
Infrasonic Bulletin to Station IS41
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers
of the
ABL have
been retrieved
the wave
forms and travel times of the recorded arrivals of
V.H.R.
Figueres,
R. Fugarazzo,
M. using
Caballero,
M. Gadea
pulses from
the source.
It is shown
that the mechanism
scattering
of pulse
signals in Asuncion,
a stably stratified ABL is
Universidad
Nacional
de Asuncion,
Facultad deofCiencias
Exactas
y Naturales,
similar to
the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
Paraguay
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Contact:
vfigueres@facen.una.py
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the
layer
multiplied
by
the
difference
in effective
sound
velocity
and normalized
by theby
vertical
The National Data Center (NDC) relative
in Paraguay
produces
a monthly
bulletin
of event
detections picked
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
infrasound station IS41. The project of bulletin production began after the upgrade of IS41 in July of 2018. The
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
bulletin is based on the raw data analysis using the software GPMCC on a virtual machine, which processes data
Thisinwork
by RFBR
N 18-55-05002
received
real was
timesupported
on the CBS
(Capacity
Building System). A statistical report of events published in the

newsletters is presented from August to December 2018 using the WEKA software. We also present a spectral
analysis of the most relevant sources of recurring events such as thunderstorms, microbaroms, dam and fall,
T1.1-O4
using the
GPMCC. Climate Change Through the Eyes of Radioisotopes

L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
T2.3-P19 Infrasound
of Deorbiting
Soyuz
Crafts on the Territory of
CTBTOMonitoring
Preparatory Commission,
Vienna,
Austria
3
Central
Kazakhstan
Central
Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
I. Sokolova,
A. Smirnov
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
Institute
6 of Geophysical Research, Almaty, Kazakhstan
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: sokolova@kndc.kz
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Since 1994, a contemporary digital network of seismic and infrasound stations of the IGR NNC RK located
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
throughout the perimeter of the Republic territory has been operating successfully in Kazakhstan. At the present
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
time, KNDC receives in real time mode and processes data from 4 infrasound arrays: Aktyubinsk IS31,
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Kurchatov KURIS, Makanchi MKIAR, and Russian station Zalesovo IS46. Since May 2011, the bulletins of
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
infrasound detections of signals are made using the data of KURIS station, since March 2012 by Zalesovo I46
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
station, since 2007 by I31 station, and since 2017 by MKIAR. At the present time the bulletin of infrasound
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
events is created on a regular basis, a huge work is conducted on the source type discrimination. The work shows
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
the infrasound and seismic records of deorbiting Soyuz crafts for the territory of Central Kazakhstan. The
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
peculiarities of the wave pattern of infrasound and seismic signals generated during the deorbiting crafts entering
forecast.
the sensible atmosphere and supersonic motion are considered. These signals were compared with bolide signals.
The obtained results can be used for improving the reliability of the KNDC infrasound bulletin events
discrimination and replenishment of the reference events database.

T1.1-O5

Detection Efficiency of the IMS for Bolides

P. Brown, N. Gi

T2.3-P20 Measurement
Rotational
Ground
Motions
University ofofWestern
Ontario,
London, ON,
Canadafor CTBT
Contact:
S. Donner,
P. J.pbrown@uwo.ca
Gaebler, L. Ceranna
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
Contact: peter.gaebler@bgr.de
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Following
classical theory
in elasticity,
seismic
wave-field
caused
an infinitesimal
deformation
has this
automatically
registered
as part ofthe
theentire
Reviewed
Event
Bulletin
(REB)byissued
daily by CTBTO.
However,
three components
of
translation
–
standardly
used
in
seismology
–
but
also
six
components
of
strain
and
at
least
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
three components
of rotation.
collocated
measurement
of find
translational
rotationalare
ground
which approaches
20%. Since
Abovedecades
the 1 kTthe
CTBTO
design
threshold, we
that 40%and
of airbursts
reported in
motionthe
is demanded.
far, than
it was
hampered
mainly at
dueone
to the
very small
amplitudes
of rotations.
However,
for > 2
REB, whileSo
more
90%
are detectable
or more
infrasound
stations.
All airbursts
with energy
about kT
a decade,
some
andsite
quite
very
recently
first
broadband
rotational instruments
haveREB
beenis only
reported
on strong-motion
the JPL fireball
since
2007
have the
been
detected
infrasonically.
However, the
becoming
available.
publications
it hasdetection
been shown
thatnotcollocated
measurement
huge with
complete
aboveIn15several
kT with
the automated
system
having reported
at leastprovides
four airbursts
benefits in almost all research areas of observational and exploration seismology. Possible applications include
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sub-soil
analysis
and characterisations
on various
scales,models
wave-field
and structure
reconstruction,
Sof
the available
literature
we have developed
3D realistic
of theseparation
underground
after animproved
UNE. The
wave
identification,
source
location
and
discrimination,
as
well
as
determination
of
the
source
mechanism
(point
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
and surface.
kinematic
Furthermore,
studies modeling
showed that
even single
provide significantly
free
Wesource).
performed
extensive the
numerical
of seismic
wavestation
fields analyses
due to plane-wave
excitation
more information
on structure
and source
of six
componentssources
are measured
collocatively
compared
(representing
regional
and distant
events),when
neardata
point
double-couple
(representing
aftershocks)
andto
only theambient
three components
of comprehensively
translation. In our
presentation
we are wave
goingfields
to compile
somefrequency
of the major
seismic
noise. We then
analyzed
the simulated
in the time,
and
advantages anddomains.
provide an
for wave
possible
applications
within source
the framework
of CTBT.
time-frequency
Inoutlook
a seismic
field
due to a distant
it was possible
to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify
cavity at
least for
relatively
shallow cavities.
T2.3-P21
More
Precise
Location
of Aswan Seismicity Based on Waveform Analysis

T2.1-O4

A. Ismail
National Research Institute of Astronomy and Geophysics, Cairo, Egypt

Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea

Contact: awad_hassoup@hotmail.com
C. Alvizuri1, C. Tape2
1
Accuracy of the
hypocentral
location of
Aswan seismic events is not satisfactory and was one of reasons for
University
of Lausanne,
Switzerland
upgrading the2 local
AswanofSeismic
Network (LASN).
LASN is now composed of 23 filed stations distributed in
University
Alaska Fairbanks,
AK, USA
a relatively narrow area (80 km X 80 km) south of Aswan High Dam. The network provides data as digitallyContact: celso.alvizuri@unil.ch
recorded waveforms of seismic events.This study aims to improve the hypocentral location accuracy based on
waveform
Crossand
Correlation
method. Results
demonstrate
thatNorth
there Korea
are ± delays
the
We
estimateanalysis
seismicby
fullapplying
momentthe
tensors
their uncertainties
for seven
events at the
nuclearintest
P-wave
and theofS-wave
arrival nuclear
times of tests
the examined
events interpreted
in relation to
mastercollapse,
event at that
the same
station
site,
consisting
six declared
and one event,
as the
a cavity
occurred
8
(i.e., Δ Pt
ranges
between 0.15
Δ St rangesevents
between
and 0.11
second).
minutes
after
the declared
test. and
We 0.11
also second,
analyze while
two earthquake
that0.17
occurred
to the
south The
and reason
were
for this could
an error
the manual
picking of
arrival
times.
Wetheassumed
that the Pand of
S- moment
velocity
recorded
by thebesame
set ofinstations.
We perform
a grid
search
over
six-dimensional
space
distribution
remains
constant
during
this
sequence
of
events.
Relocated
events
are
more
closely
distributed
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
around the
event.
This demonstrates
that
the same location,
rather inthan
the
between
the master
observed
and synthetic
waveforms.
Forthey
eachoriginate
momentfrom
tensoralmost
we characterize
its uncertainty
terms
zone
the preliminary
locations
based on lune,
manually
picked onset
times.function for moment tensor
of
the identified
variation from
in waveform
misfit on
the eigenvalue
a probability
density
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared
nuclear
test events,
the collapse
event,
and the twofor
earthquakes.
Moment
tensors for the six explosion
T2.3-P22
Seismic
Moment
Tensor
Inversion
Source-Type
Identification
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
A. Chiang, R. Gok, W. Walter
Lawrence Livermore National Laboratory, Livermore, CA, USA

T2.1-O5

Seismic
Ratios Between North Korean Nuclear Tests: Implications
Contact: Spectral
chiang4@llnl.gov
for Their Seismic Sources
The use of regional distance long-period, complete waveform data to determine the seismic moment tensor is

now a routineP.and
Jinreliable approach in determining the source mechanism of natural and manmade seismicity
and may be used
to identify
or discriminate
different types
of seismic
Northwest
Institute
of Nuclear Technology,
Xi'an,
Shanxi,sources.
China Such source-type identification is
important for better understanding the physics of earthquakes, geothermal and volcanic seismicity, seismicity in
Contact:
jinping@nint.ac.cn
ice, as well as
seismicity
induced by anthropogenic activities such as mining, oil and gas operations, and
explosions.
The
successful
applications
the regional
method at the
test sitestests
and
Seismic spectral ratios between the 2017ofNorth
Koreanmoment
nuclear tensor
test (NKT2017)
andpast
fournuclear
other Korean
the
North
Korea
nuclear
tests
show
that
the
method
is
robust
and
capable
for
source-type
discrimination
of
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
nuclear
explosions
at
regional
distances.
The
goals
of
this
project
are
to
study
the
uncertainty
in
regional
distance
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
seismic moment
tensor
due to the
station coverage,
assumptions
in subsurface
Earth
approximately
2.5Hz
thatestimation
is not observed
for effects
regionalofP-limited
and Lg-wave
spectral ratios.
Meanwhile,
the networkstructure
for
Green’s
function
estimation,
effects
of
shallow
source
depth
and
free-surface
conditions,
as
well
averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequenciesas
expanding the
seismicWe
moment
tensor database
low-magnitude
shots
(Source
Physics
Experiment)
significantly
reduced.
demonstrated
that the to
observed
notch ofchemical
teleseismic
P-wave
spectral
ratios
may be
and
regions
with
limited
data
(Middle
East
and
Eastern
Caucasus).
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted

with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71T2.3-P23
Relocation
of the Seismicity
the for
Pannonian
Using
related
models Simultaneous
give a yield estimation
about 100-300kt
for NKT2017,of3-7kt
NKT2019, Basin
6-15kt for
NKT2013
and NKT2016JBayesloc
and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.

B. Czecze1, S. Myers2, I. Bondár1
MTA Research Centre for Astronomy and Earth Sciences, Budapest, Hungary
Lawrence Livermore National Laboratory, Livermore, CA, USA

1
2

Contact: czecze.barbara@gmail.com
We relocated all events in the Pannonian Basin with the iLoc location algorithm using travel-time predictions
from RSTT, a global, three-dimensional velocity model of the crust and upper mantle to provide accurate single
event locations and to identify ground truth events. Using the iLoc locations as initial hypocenters and several
hundred confirmed quarry blasts and mine explosions that qualify for ground truth as benchmark locations we
102
71

Theme 2: Events and Nuclear Test Sites

CTBT: Science and Technology 2019

relocate
the entire seismicity
of the region
simultaneously
bayesloc multiple
event location
algorithm.
T1.1-O3
Atmospheric
Boundary
Layer with
as a the
Laboratory
for Modeling
Infrasound
We show that the results present an improved view of the seismicity of the region.

Propagation and Scattering in the Atmosphere

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M.
Obukhov
of Atmospheric
RussianPhases
Academyfrom
of Science,
Russian
T2.3-P24 Source
Models
andInstitute
Scattering
Origin Physics,
of Regional
CodaMoscow,
Spectral
Federation
Ratios
2
Barva Innovation Center, Talin, Armenia
W.S. Phillips,
Patton, M. Cleveland, C. Larmat
Contact:H.igor.chunchuzov@gmail.com
Los Alamos National Laboratory, Los Alamos, NM, USA
The experimental
results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Contact: wsp@lanl.gov
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by
an artificial
detonation
are explosions
presented. The
vertical
profiles
wind
velocity fluctuations
The Source
Physics
Experiment
(SPE)source
chemical
provide
ground
truth,ofand
near-source
recordings in the
layers ofinthe
ABLmonitoring
have been scenarios.
retrieved using
the wave
forms
andspectral
travel times
the recordedlocal
arrivals of
that arethin
unavailable
typical
We examine
coda
source
ratios of
of near-source,
pulses distance
from therecordings
source. It is
the and
mechanism
of scattering
of pulse
signals inimprove
a stablymonitoring
stratified ABL is
and regional
toshown
isolatethat
source
propagation
effects, and
to potentially
similarClassical
to the mechanism
of scattering
signals
from ground
surface Denny
explosions
layered1991,
nonhomogeneities
at distance.
source models
(Muellerofand
Murphy,
1971, MM71;
and by
Johnson,
DJ91)
wind
velocity
temperature
stratosphere
and lower
The role
of similarity
parameter
predictofthe
source
ratiosand
poorly;
however,inathe
hybrid
model (MM71
withthermosphere.
DJ91 cavity radii)
performs
better, and
here place
thickness
the reflecting
nonhomogeneous
layers,measurement
which is the precision.
vertical scale of
by varying
cavitythe
anddimensionless
elastic radii we
obtain of
models
that fit spectral
ratios to within
layerthe
multiplied
by the model
relativefordifference
in effective
sound model
velocity
andcavity
normalized
by the
Based the
on this,
best predictive
the SPE suite
is the hybrid
with
and elastic
radiivertical
wavelength.
the temporal Finally,
fluctuations
the azimuth
and arrival
times of
decreased
to 95%,The
andeffect
75%ofofsuch
theirinhomogeneities
original values,onrespectively.
we of
observe
a distinct
spectral
the signals
Thepredicted
estimation
the error
in localization
of caused
pulsed sources
given.surface
Acknowledgement:
modulation
at 6-9 is
Hzstudied.
that is not
byof
classical
models,
most likely
by shortisperiod
waves,
was supported
by RFBR
N 18-55-05002
such asThis
Rg,work
interfering
with those
produced
by spallation of near surface layers. The same modulation is
observed for compressional (P) and shear (S) waves at distance, indicating that local and regional phases
originate as near-source Rg that is scattered into body waves.
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Climate Change Through the Eyes of Radioisotopes
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Contact: peter.gaebler@bgr.de
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in
technique with
to effectively
vertical
air masses
based on28th
surface
Thisnear
technique
A magnitude
7.5 earthquake
subsequenttrace
tsunami
occurred
on September
2018measurements.
at 10:02:45 UTC
to on
study
and speed
of atmospheric
cells.
Data showinfrasound
that the cells
are decelerating
the cityallows
of Palu
the progression
Indonesian island
of Sulawesi.
Clear and
long-lasting
signatures
related to during
this the
summer
periodbywhich
is extending
in time. This
is caused
by warming
the whole
troposphere
increased
event were
observed
at least
two IMS infrasound
arrays.
Although
these IMSofstations
IS39
and IS07 inand
Palau
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
and northern Australia are more than 1800 and 2700 km away from the earthquake’s epicenter, distinct signals over
Europe
with and
low acoustic
pressure arrivals
gradientswere
that led
to almost
stationary
thunderstorms
correlatedtowith
observed
including
seismic
recorded
at the
infrasound
arrays andare
associated
the the
event.
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
Nevertheless, the precise infrasound generation mechanism is still not well understood. The super shear nature of for
confirming
several side
effects and
of climate
while
providing
a new modelling
in seasonal
weather
the rupture,
the following
landslides
tsunamichange
as well
as the
seismoacoustic
coupling tool
to nearby
terrain
forecast.
features
may have an impact on the infrasound emitted and subsequently observed. A detailed study of the eventrelated observations and the potential infrasound generation mechanisms is presented covering range- and timedependent infrasound propagation modeling, realization and variation of the atmospheric background conditions
as wellT1.1-O5
as comprehensive
data analyses
of a of
large
of infrasound
Detection
Efficiency
thenumber
IMS for
Bolides stations in the area, some of them
showing additional signal features possibly related to the event.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

Contact: Hungarian
pbrown@uwo.ca
T2.3-P26 The Annual
Seismo-Acoustic Bulletin of Ground Truth Events
In thisC. Czanik,
study we
examined
344 bolides
M. Kiszely,
P. Mónus,
B. Süle, I.(airbursts)
Bondár reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
betweenand2007-2018
and attempt
correlate these with infrasound
MTA Research Centre for Astronomy
Earth Sciences,
Budapest,toHungary
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Contact: czanik@seismology.hu
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global
REB detection
of ~10%
averaged
2007-2018
less than
therecordings
"modern" several
rate (from
2014-2018)
The first
infrasound
array in rate
Hungary
(PSZI)
started from
operation
in Mayis2017.
On its
different
approachessources
20%. Above
the 1 identifed,
kT CTBTOincluding
design threshold,
we find
that 40%
of airbursts are
reported in
naturalwhich
and man-made
have been
quarry blasts,
bolides,
thunderstorms,
volcano
the and
REB,microbaroms.
while more than
90% are
one or more
infrasound
stations.National
All airbursts
with energy > 2
eruptions
Between
Junedetectable
2017 andat December
2018
the Hungarian
Seismological
kT recorded
reported on
the JPL
fireball
sincethan
2007
havesurface
been detected
infrasonically.
However,
the REBinis only
Network
seismic
signals
fromsitemore
1000
explosions
in approximately
70 quarries
complete
above
15
kT
with
the
automated
detection
system
not
having
reported
at
least
four
Hungary, Slovakia, Romania, Croatia and Austria. 25% of them was also detected by the PSZI infrasoundairbursts
array. with
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The
and velocity
from3D
therealistic
infrasound
detections
are used as structure
a completion
seismic
of
theback-azimuth
available literature
we havegained
developed
models
of the underground
after to
an the
UNE.
The
arrivals
for
the
relocation
of
these
events
by
the
iLoc
location
algorithm.
These
explosions
form
the
base
the
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environmentofand
first
Hungarian
Seismo-Acoustic
Bulletin
which
is
planned
to
be
published
in
February
2019.
The
HSAB
will
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
include all the
identified
seismo-acoustic
and point
acoustic-only
events sources
detected(representing
by the PSZIaftershocks)
array sinceand
its
(representing
regional
and distant
events), near
double-couple
installation.
Thenoise.
Central
European analyzed
Infrasound
wasin established
in 2018 and
and
seismic
ambient
We and
thenEastern
comprehensively
the Network
simulated(CEEIN)
wave fields
the time, frequency
includes 6 infrasound
in Hungary,
Romania,
and
Austria.
In case
of the
events recorded
by
time-frequency
domains.stations
In a seismic
wave field
due toCzechia
a distant
source
it was
possible
to identify
and locate
more CEEIN
stations
the CEEIN
detections
are included
the Bulletin.
From 2019
the Hungarian
cavity.
A seismic
waveallfield
generated
by an aftershock
wasinmuch
more difficult
to interpret
in termsSeismoof the
Acoustic
Bulletin
willtobestrong
published
yearly.
cavity
presence
due
effects
of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at least for relatively shallow cavities.
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Germany
1
C.
Tape2
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Institute
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and Natural Resources (BGR), Hannover, Germany
2
University of Alaska Fairbanks, AK, USA
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T2.3-P29 Understanding Seismicity Catalog and Their Problems in Zambia
G. Musonda
Geological Survey of Zambia, Lusaka, Zambia
Contact: musondgrace@gmail.com
Earthquake activity in Zambia is closely associated with the Zambian Area of East Africa Rift system (EARS).
Seismicity level in southern Africa is normally low. In Zambia seismicity is diffuse, earthquakes of magnitudes
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and magnitude estimation.
Federation
2
Barva Innovation Center, Talin, Armenia
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T2.3-P30 Waveform
Dispersion Modeling Using DPRK Regional Seismograms
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by
the
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of Japan
The experimental results of studying
the effect of aSeismic
fine-scaleNetwork
layered structure
of a stably stratified atmospheric
boundary
(ABL)
on fluctuations
of the parameters of acoustic pulses generated with a certain period (1
C.layer
Saikia,
A. Jemberie,
M. Woods
min) byAir
an Force
artificial
detonation
source
areCenter
presented.
The vertical
profiles
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velocity
Technical Applications
(AFTAC),
Patrick Air
ForceofBase,
USA fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Contact:
chandanksaikia@gmail.com
pulses from
the source.
It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
In this study, we analyze long-period (5-20s) surface waves recorded from all DPRK nuclear explosions by the
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
open stations of the High Sensitivity Seismic Network of Japan (HSSNJ), including the stations in region around
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the DPRK nuclear site. The purpose of this study is to understand the influence of the Sea of Japan (SOJ) on
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
surface waves, the effect of multi-path due to the three-dimensional structure, and how these effects influence
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the source parameters determination. Both Rayleigh and Love wave dispersion curves were processed after
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
removing the instruments response and rotating the horizontal traces. We invert the Rayleigh-wave dispersion
This work was supported by RFBR N 18-55-05002
curves using a fixed water layer on the top and those of the Love waves without. The HSSNJ stations cover an
azimuthal range from 65º to about 195º over the distance range from 670 to 1465 km. We also use these surface
waves to investigate source parameters i.e., the RDP (reduced displacement potential) and depths of individual
T1.1-O4
Climatethe
Change
Through
the Eyes
of Radioisotopes
explosions
by implementing
waveform
equalization
technique.
We are combining both path model and
source parameters to model the
at the stations
in this4dataset.
1 P waves observed
2
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Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T1.1-O5

Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
Oral Presentations
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at least for relatively shallow cavities.

T2.4 Atmospheric and Subsurface Radionuclide
Background and Dispersion
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We estimate seismic full moment tensors and their uncertainties for seven events at the North Korea nuclear test
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source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood

of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events
can be represented
as a of
sumComputational
of a double coupleFluid
and a crack
tensor whose
is near horizontal.
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Atmospheric dispersion modeling is used to predict radionuclide concentrations worldwide, modeling is useful
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classical explosion source models including MM71, DJ91 and their two

hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and
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and 10-25kt for
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Physico-chemical processes occurring in the atmosphere play an important part in the global distribution of
radionuclides. In this study, radionuclide concentrations of cosmogenic and terrestrial radionuclides Beryllium-7
and Lead-212 in surface air and meteorological data collected by the CTBTO Radionuclide Monitoring Station
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boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
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in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
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Large quantities of the radioactive noble gas krypton-85 (85Kr) are released into the atmosphere as a result of
reprocessing
of usedDetection
nuclear fuel
rods. Reprocessing
started
the 1940s mainly to separate plutonium for
T1.1-O5
Efficiency
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military purposes. Emissions from civil reprocessing activities have steadily been increasing since and impede
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Swiss Alps in 1990. The complete time series will be presented and discussed, as well as results from particular
this baseline
study we
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global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableHigh
literature
we have developed
3D realistic
of the
underground
after an UNE. The
T2.4-O6
Resolution
Stack Data
frommodels
Fission
Based
Mo-99 structure
Production
most general model consists
of
cavity,
chimney
with
apical
void,
crushed
zone,
fractured
zone,
environment and
1
1
2
3
J. performed
Friese1, J. Burnett
T. Bowyermodeling
, C. Doll1of
, B.seismic
Deconninck
, E. Hoffmann
free surface. We
extensive, numerical
wave fields
due to plane-wave excitation
1
(representing regional
distantNational
events), Laboratory,
near point Richland,
double-couple
sources (representing aftershocks) and
Pacific and
Northwest
WA, USA
2
of then
Radioelements
(IRE), Fleurs,
Belgium
seismic ambient3 Institute
noise. We
comprehensively
analyzed
the simulated wave fields in the time, frequency and
The Australian
Nuclearwave
Science
(ANSTO),
Heights,
time-frequency domains.
In a seismic
fieldand
dueTechnology
to a distantOrganisation
source it was
possibleLucas
to identify
and locate
Australia
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at
least forjudah.friese@pnnl.gov
relatively shallow cavities.
Contact:

The Source Term Analysis of Xenon (STAX) project is a new effort to better understand the radioxenon
background in the environment. This project is using high resolution stack detectors to directly measure the
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
radioxenon emissions from fission-based Mo-99 production facilities. Currently, two experimental high purity
germanium (HPGe)
based1, C.
detector
C. Alvizuri
Tape2systems reside at the Institute for Radioelements (IRE) in Fleurus Belgium
1
and at the Australian
Nuclear
Science and
Technology Organisation (ANSTO) in Australia, which are two of the
University
of Lausanne,
Switzerland
large suppliers2 University
of worldwide
Mo-99Fairbanks,
for medicalAK,
uses.
Direct measurement of the four treaty relevant radioxenon
of Alaska
USA
isotopes (Xe-131m, Xe-133, Xe-133m and Xe-135) is being measured every fifteen minutes using these HPGe
Contact:
celso.alvizuri@unil.ch
detector systems.
A discussion
of the detector technology and example data sets will be presented.
We estimate seismic full moment tensors and their uncertainties for seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes
after the
declared test. We
also analyze two
earthquake events
thatMobile
occurredDetection
to the southSystem
and were
T2.4-O7
Measurement
of Background
Observations
Using
recorded by theofsame
of stations. We
perform in
a grid
search over the six-dimensional space of moment
FoursetRadioxenon
Isotopes
2017-2018
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
F. Al-Janabi
between the observed
and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
Radioactive
Source
Authority
Baghdad,
Iraq
of the variationIraqi
in waveform
misfit
on Regulatory
the eigenvalue
lune, a(IRSRA),
probability
density
function for moment tensor
source type, and
a
confidence
curve
for
the
probability
that
the
true
moment
tensor
lies
within the neighborhood
Contact: zorizam@yahoo.com
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared
nuclear of
testthe
events,
the collapse
and to
the detect
two earthquakes.
tensors nuclear
for the six
explosionis
The capability
Mobile
Detectionevent,
System
xenon fromMoment
underground
explosions
events
can be
as a sum
of background.
a double couple
and a isotope
crack tensor
whose (MIP)
plane isbynear
horizontal.
dependent
onrepresented
the radioactive
xenon
Medical
production
nuclear
fission releases
xenon isotopes including xenon-133 and iodine-133. The amount of xenon released from MIP facilities is
equivalent to that released from an underground nuclear explosion. This work recognizes the signals of MIP
emissions from
a nuclear
explosion
using Between
a model toNorth
calculate
the Xe Nuclear
from MIP Tests:
facilitiesImplications
that differs from
T2.1-O5
Seismic
Spectral
Ratios
Korean
nuclear explosion due to other accompanying isotopes. This paper is based on measuring Xe isotopes
for Their Seismic Sources
concentration in the lower atmosphere in Iraq in specific condition and the transport of these isotopes. It
confirms the P.
hypothesis
that MIP facilities are at present the major emitters of radioxenon to the atmosphere.
Jin
Suspension of
operations
of these
facilities
indicates Xi'an,
the scale
of China
their normal contribution to the Iraqi
Northwest Institute
of Nuclear
Technology,
Shanxi,
radioxenon background. This gives an opportunity to investigate the influence of other local and long distance
Contact:
jinping@nint.ac.cn
sources on the
radioxenon
background. It means, comparing with past background, an increase of radioxenon
(reduced
from
the
MIP
background)
may refer
to aKorean
nuclearnuclear
explosion
air or underground.
Seismic spectral ratios between the 2017
North
testin(NKT2017)
and four other Korean tests

conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
approximately
thatfor
is not
observed forSignals
regional PLg-wave
spectral
ratios. Associated
Meanwhile, the
networkT2.4-O8 2.5Hz
Search
Radioxenon
at and
IMS
Stations
Possibly
with
averaged Lg-wave
spectral
ratio
is
similar
to
that
of
regional
P-wave,
but
with
the
source
corner
frequencies
Announced DPRK Nuclear Tests
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
M.interference
Kalinowski,
P. Bourgouin,
Gheddou,
Kusmierczyk-Michulec,
B. Liu,
well modeled by
between
pP- and A.
P-wave,
whileJ.regional
P-wave spectral ratios
mayT.beTaylor
well fitted
CTBTO
Preparatory
Austria
with source spectral
ratios
predicatedCommission,
by classical Vienna,
explosion
source models including MM71, DJ91 and their two
hybrids. Results
obtainedmartin.kalinowski@ctbto.org
indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71Contact:
related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and
NKT2016J
and 10-25kt
for NKT2016S,
yield sizes
obtained bySystem
model DJ91
much smaller.
Since
the provisional
operation
of the while
International
Monitoring
(IMS)arestarted,
six announced
underground nuclear tests were conducted by the Democratic People’s Republic of Korea (DPRK) at the
Punggye-ri Nuclear Test Site. For the first test (9 October 2006) and the third one (12 February 2013),
radioxenon observations were made by IMS stations that were immediately reported to State Signatories as
associated with the time and location of the relevant seismic events and, therefore, consistent with the
assumption that the observations are reflecting a radioxenon emission from the DPRK test site. The isotopic
ratios recorded in April 2013 are considered a strong evidence for the nuclear nature of the seismic event of 12
February 2013. Further investigation by various authors with in-depth scientific analysis, partly applying new
methodologies in the domain of atmospheric transport modelling, have revealed that potentially more IMS
samples than initially thought may contain traces from the same hypothetical emissions that were already
identified or even additional potential emissions occurred and were captured at IMS stations. The applied
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algorithms
are reviewed
and the IMSBoundary
observationsLayer
are scrutinized.
Conclusions
drawn about
what future
T1.1-O3
Atmospheric
as a Laboratory
forareModeling
Infrasound
research and development can be recommended for radionuclide monitoring of nuclear tests.

Propagation and Scattering in the Atmosphere

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov
InstituteAbove
of Atmospheric
Physics, Russian
of Science, Moscow, Russian
T2.4-O9 The Detection
of Ar-39
UNEs Decades
LaterAcademy
as a Signature
Federation
1
1
1
2
B. Milbrath
T. Alexander
, J. Fast
Fritz1, J. C. Hayes1, C. Johnson1, R. Kirkham1,
Barva, Innovation
Center,
Talin,, B.
Armenia
1
1
1
J. Lowrey , E. Mace , J. McIntyre , K. Olsen1, A. Seifert1, V. Chipman2, M. Townsend2
1
Contact:
igor.chunchuzov@gmail.com
Pacific
Northwest
National Laboratory, Richland, WA, USA
2
Mission Support
Test Services,
LLC,
National
Security
Site,
USAstratified atmospheric
The experimental
results ofand
studying
the effect
of aNevada
fine-scale
layered
structure
of NV,
a stably
boundary
layer (ABL)
on fluctuations of the parameters of acoustic pulses generated with a certain period (1
Contact:
Brian.Milbrath@pnnl.gov
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Duringthin
the layers
conduct
theABL
Underground
Explosion
Signatures
Experiment
(UNESE),
involvedarrivals
the
ofofthe
have beenNuclear
retrieved
using the
wave forms
and travel
times ofwhich
the recorded
of
injection
of
Ar-37
into
UNE
chimneys
at
the
Nevada
National
Security
Site,
we
detected
the
unanticipated
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
presence
of Ar-39
gas samples
fromofthe
shallow
(0ground
– few m
deep)explosions
subsurface.byThis
long-lived
UNE
similar
to theinmechanism
of taken
scattering
signals
from
surface
layered
nonhomogeneities
observable
was
present
in
all
of
our
measurements
in
the
vicinity
of
UNE
sites,
spanning
different
geologies,
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
verticaland
horizontal-emplacement
scenarios,
yields lessnonhomogeneous
than 20 kt. This implies
theisdetectability
here
place
the dimensionless thickness
of and
the reflecting
layers, that
which
the vertical of
scale of
UNEs the
by radionuclides
at thebysurface
is likelydifference
much longer
than previously
of Ar-39
layer multiplied
the relative
in effective
sound thought.
velocityThe
anddetections
normalized
by theandvertical
Ar-37 wavelength.
rely on low-background,
internal-source
proportional
counters
built at Pacific
Northwest
National
The effect of such
inhomogeneities
on the temporal
fluctuations
of the azimuth
and arrival
times of
Laboratory.
We discuss
the measurements,
and implications.
the signals
is studied.
The estimationnatural
of the backgrounds,
error in localization
of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T2.4-O10 Underground Nuclear Explosion Signatures Experiment (UNESE) Phase 2:
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Climate Change
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1
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WA, USA (ZAMG), Vienna, Austria
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Nevada National Security Site, NV, USA
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
Contact:
christine.johnson@pnnl.gov
6
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Phase 2 of the Underground
Explosion Signatures Experiment (UNESE) included the injection of tracer
Contact:Nuclear
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
gases into the chimney of a historic horizontally-emplaced nuclear test at the Nevada National Security Site. The
Cosmogenic
radionuclides
and migration
sodium-22ofaregases
known
atmospheric
tracers
andadjacent
can be used
together
purpose
of these injections
was beryllium-7
to observe the
from
the chimney
to the
tunnel
in aand
lock-in
effectively
trace vertical
air masses
basedinjections
on surface
measurements.
technique
complex
their technique
migration to
within
the surrounding
geology.
Two tracer
occurred
– one ofThis
a single
to study
progression
speed and
of atmospheric
Data showtracers,
that theAr-37
cells are
stable allows
tracer gas
(freon)
in Januaryand
of 2018,
a second of cells.
two radioactive
anddecelerating
Xe-127, andduring
the the
period
which is extending
time.
ThisMeasurements
is caused by warming
of of
thegas
whole
troposphere
and increased
stable summer
tracer sulfur
hexafluoride
(SF6) in in
June
2018.
were made
collected
from multiple
tropopause
height
dueand
to rising
CO2 concentrations.
Aestival
episodes of persistent
high-pressure
systems
locations
within the
tunnel
two locations
were monitored
semi-continuously
using gamma-ray
detectors
to over
Europe
with low pressure
gradients
that led
to almost
stationary
thunderstorms
correlated
with
the observed
measure
gas recirculated
from the
measurement
points.
Samples
were also
collected atare
various
depths
within
an
deceleration
of atmospheric
cell movement.
demonstrateslevel
that in
7Be
andand
22Na
be used
as indicators for
adjacent
borehole that
was drilled from
the surfaceThis
to emplacement
May
Junecan
2018.
The injections,
confirming
several
effects
of climate
while
a new
modelling tool in seasonal weather
subsequent
monitoring
andside
sample
collection,
and change
results will
be providing
presented and
discussed.
forecast.

T2.4-O11 Backgrounds, False Negatives and False Positives: Dealing with RN
T1.1-O5
Detection
Efficiency of the IMS for Bolides
Detection
in 2019
P. Brown, N. Gi
T. Bowyer
WesternLaboratory,
Ontario, London,
ON, WA,
Canada
PacificUniversity
NorthwestofNational
Richland,
USA
Contact:
pbrown@uwo.ca
Contact: Ted.bowyer@pnnl.gov
In of
this
studyradionuclides
we examined
344 bolidesMonitoring
(airbursts)System
reported
the test,
JPL and
CNEOS
website
Detection
relevant
in the International
absent on
a nuclear
especially
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
radioactive xenon isotopes, has been the subject of concern for over a decade. These relevant radionuclide
detections.
We found
206"backgrounds,"
of these bolidesand
werethey
detectable
by at least due
one infrasound
stationproduction
while only of
42 were
detections
are usually
called
are unavoidable
to the peaceful
automatically
as part of phenomena.
the Reviewed
Event Bulletin
issued
daily
by CTBTO.
However,
radioactive
isotopes registered
and other manmade
However,
how we(REB)
deal with
these
detections
has not
been this
REB detection
rate of ~10%
is less
the "modern"
rate (from
clearlyglobal
understood.
This presentation
seeksaveraged
to explainfrom
at a 2007-2018
high level how
thethan
detection
of backgrounds
may2014-2018)
lead
20%.and
Above
1 kT CTBTO
threshold,are
wenot
find
that 40% and
of airbursts
arefor
reported
in
to bothwhich
false approaches
positive alarms
falsethe
negative
results, ifdesign
the detections
understood
accounted
in
the REB,
while
more
thaneasy
90%toare
detectable
at one
or more
infrasound
stations.
All of
airbursts
with
energy > 2
some way.
We will
give
several
grasp
examples,
as well
as report
on a detailed
study
the false
positive
kTcould
reported
on the
JPL fireball isotope
site since
2007 have
been detected
infrasonically.
However, the REB is only
rate that
be seen
if fission-based
production
occurred
in the United
States.
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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ofPoster
the available
literature we have developed 3D realistic models of the underground structure after an UNE. The
Presentations
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
T2.4-P1 Aerosol Dynamics and Dispersion of Radioactive Particles
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
1
2 due to a 2distant source it was
time-frequency P.
domains.
In a seismic
field
von Schoenberg
, P. wave
Tunved
, R. Krejci , N. Brännström1 possible to identify and locate
1
cavity. A seismic
wave
field
generated
by
an
aftershock
much more
difficult to interpret in terms of the
Swedish Defence Research Agency (FOI), was
Stockholm,
Sweden
cavity presence2 Department
due to strong
effects
of
a
radiation
pattern.
Analysis
of
seismic
noiseStockholm
makes it University,
possible to
of Environmental Science and Analytical Chemistry
| ACES,
identify cavity at Sweden
least for relatively shallow cavities.

Contact: pontus.von.schoenberg@foi.se
Traditionally Seismic
dispersionFull
models
have quite
rudimentary
descriptions
of the processes
that change
the aerosol
T2.1-O4
Moment
Tensor
Analysis
of Nuclear
Explosions
in North
Koreasize

distribution and composition
throughout the transport. These processes, aerosol dynamics, include wet and dry
C. Alvizuri1condensational
, C. Tape2
deposition, coagulation,
growth, chemical interactions, nucleation of new aerosols and the
1
University
of Lausanne,
Switzerland
interaction between
the
released
aerosol
and
the ambient atmospheric aerosol. Using the trajectory box model
2
University
Alaskadynamics
Fairbanks,
USA
CALM the importance
of of
aerosol
hasAK,
been
studied. The target of this study is to analyse the relevance
of including more
advanced
aerosol dynamics into dispersion models that are used to track released radioactive
Contact:
celso.alvizuri@unil.ch
particles. When all aerosol processes are involved a clear transformation of the radioactive particles can be seen
We
estimate
full moment
tensors and their
uncertainties
seven events
nuclear
towards
the seismic
accumulation
mode, approximately
particles
of sizesfor
between
0.1 andat1the
µm.North
If, forKorea
example
onlytest
dry
site,
of six
declared
nuclear
one
event, interpreted
as this
a cavity
occurred
8
and consisting
wet deposition
were
modeled
and thetests
rest and
of the
processes
were left out,
is notcollapse,
the case. that
The time
it takes
minutes
after the declared
test. differs
We also
analyze
events that
occurred toHowever,
the southweand
were
for this transformation
to occur
from
site totwo
siteearthquake
and from trajectory
to trajectory.
conclude
recorded
by the
set of stations.
We perform
search
over thenear
six-dimensional
of moment
that a certain
caresame
of addressing
the aerosol
processesaisgrid
required
especially
the sources ofspace
the dispersion.
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
of the variation in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
T2.4-P2 Application of Source Detective System for a Fukushima Accident
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
of the best-fitting
tensor.B.We
findS.that
theJ.moment
K. moment
Suh, K. Park,
Min,
Kim,
Kim tensor source types are clearly separated for the six
declared nuclear
test
events,
the
collapse
event,
and
the(KAERI),
two earthquakes.
for the six explosion
Korea Atomic Energy Research Institute
Daejeon,Moment
Republictensors
of Korea
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
Contact: kssuh@kaeri.re.kr
Some radionuclides were detected in monitoring stations in Korea from a Fukushima accident ocurred in March

T2.1-O5
Seismic
Spectralconcentrations
Ratios Between
North
Korean
2011. In particular,
the maximum
of I-131
and Cs-137
wereNuclear
shown onTests:
the 6thImplications
and 7th of April at
Gunsan and Busan
in
Korea,
respectively.
A
source
detective
system
has
been
applied
to
investigate
the transport
for Their Seismic Sources

pathway of radionuclides measured in the air sampling in Korea from the Fukushima accident. A source
P. Jin
detective system
is composed of trajectory, atmospheric dispersion, and source term estimation models. Six
Northwest
Institute
Nuclear
Technology,
Xi'an,
Chinafrom the Fukushima in the early of
stations measured
in Korea
wereofused
to estimate
pathway
of Shanxi,
radionuclide
April. From the
simulations,
radionuclides
released
into
the
air
from
the
Fukushima were transported directly
Contact: jinping@nint.ac.cn
from from April 4 to April 8. In overall, I-131 and Cs-137 reached Korea after travelling around the world due to
the westerly
winds
from
Fukushima,
but some
the I-131
and test
Cs-137
entered the
Peninsula
directly
Seismic
spectral
ratios
between
the 2017
North of
Korean
nuclear
(NKT2017)
andKorean
four other
Korean
tests
owing to the
of wind during
the (NKT2013),
4th through theJanuary,
8th of April.
source detective
can be used
conducted
in variations
2009 (NKT2009),
2013
2016A (NKT2016J)
andsystem
September,
2016as
good tools toare
detect
unknown source
andteleseismic
release ratesP-wave
of radionuclides
released
into atheunique
air from
covert
(NKT2016S)
investigated.
All theregions
observed
spectral ratios
exhibit
notch
at
nuclear activities
andthat
accidents.
approximately
2.5Hz
is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well
modeled by
interference
between pP- in
andthe
P-wave,
regional P-wave spectral ratios may be well fitted
T2.4-P3
Argon-37
Variability
Lowwhile
Troposphere
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
1
2
2
hybrids. ResultsR.obtained
indicate
that for NKT2017’s
buried2,depth
in the 1,range
of 600-1100m, the MM71Purtschert
, M. Kalinowski
, R. Riedmann
J. Fontaine
J. Kusmierczyk-Michulec
,
2
2
3
related models A.
give
a yield estimation
about 100-300kt
, P. Bourgouin
, Y. Tomitafor NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
Gheddou
and NKT2016J1and
10-25ktofforBern,
NKT2016S,
while yield sizes obtained by model DJ91 are much smaller.
University
Switzerland
2
CTBTO Preparatory Commission, Vienna, Austria
3
Japan Atomic Energy Agency, Japan
Contact: purtschert@climate.unibe.ch
Argon-37 is produced in the high troposphere by spallation of argon through 40Ar(n,4n)37Ar and by neutron
capture, 36Ar(n,γ) 37Ar. The resulting natural equilibrium concentration of Ar-37 in the mixed troposphere is
about 0.5-1 mBq/m3. This value may define the background level for the use of Ar-37 for search area reduction
by means of atmospheric Ar-37 measurements in downwind direction of a potential test area in the course of an
OSI. In order to investigate long term atmospheric activity levels of Ar-37, bulk air samples were collected close
to the CTBTO IMS Radionuclide station located in Takasaki, Japan. In the years 2016-2018 in total 105 air
samples were taken and analyzed for their Ar-37 activity concentrations with no value exceeding 10 mBq/m3.
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Slight T1.1-O3
variations are Atmospheric
most likely caused
by neutronLayer
activation
stable argon in for
facilities
such as Infrasound
nuclear power
Boundary
as of
a Laboratory
Modeling
plants and research reactors, venting of soil gas where Ar-37 is produced by neutron activation of Calcium or
Propagation and Scattering in the Atmosphere
less likely Stratosphere to Troposphere (STT) transport. In this study the potential geographical source location
1 determined by
1
1
of the air masses sampled
in Japan, are
atmospheric
transport
modelling.
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1
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on Energy
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University
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min) by an
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are presented. The vertical profiles of wind velocity fluctuations in the
thin layers
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ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Contact:
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar tooftheNatural
mechanism
of scattering
of signals
from ground
surfaceand
explosions
layered nonhomogeneities
The presence
Occurring
Radioactive
Materials
(NORMs)
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in the
of wind
velocity
temperature
in thehealth.
stratosphere
and of
lower
thermosphere.
The from
role of
similarity
parameter
atmosphere
is of
specialand
interest
to the public
The fallout
artificial
radionuclides
nuclear
activities
here place
dimensionless
thickness
of the
reflecting
nonhomogeneous
layers,
is theofvertical
scale of
and emissions
of the
NORMs
present in
the earth’s
crust
can access
the atmosphere.
The which
possibility
air to be
the layer
multiplied
by the
relative difference
in effective
sound
velocity
and normalized
the vertical
contaminated
with
aerosols and
radionuclides
is very high.
When these
aerosols
are inhaled
directly orby
ingested
wavelength.
The effect
of such
on the This
temporal
of the
azimuth andpresents
arrival times
of
through
food and water,
serious
healthinhomogeneities
problems may occur.
studyfluctuations
aims to assess
radionuclides
in
the signals
is studied.
estimation
the error in localization
of es
pulsed
sources
is given.
Acknowledgement:
atmospheric
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– Ray
This work
supportedradioactivity
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Spectrometry
andwas
background
of the atmosphere can be established. Aerosol samples will be
collected on the roof of Physics Department at University of Dar es Salaam by High volume air sampler with the
flow rate of 830 m3 h-1 in discrete segments for 24hours in one month by a filter with particulate efficiency of
80% for
aerosols of Climate
≥ 0.2µm inChange
diameter.Through
The resultsthe
mayEyes
be useful
to the Government and other authorities to
T1.1-O4
of Radioisotopes
formulate rules and regulations for monitoring radioactivity level. Also to take action for elevated levels of
1
activity concentrationL.inTerzi
the atmosphere.
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Cosmogenic
radionuclides
beryllium-7
University
of Vienna,
Austria and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
Contact: efem.bilgic@deu.edu.tr
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summermany
period
whichhave
is extending
in time.
This
is caused
warming
the wholeNuclear
troposphere
andPlant
increased
Even though
studies
been carried
out to
calculate
the by
effects
of theofChernobyl
Power
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
accident of 26 April 1986, even today, major uncertainties about impact of the accident exist. None of the over
Europe
with
lowused
pressure
gradients that
led to models,
almost stationary
are correlated
with the observed
available
source
term,
in atmospheric
transport
produces thunderstorms
a good representation
of the atmospheric
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as indicators
dispersion and ground level deposition of radionuclides. In this study, atmospheric dispersion and ground
level for
confirming
several
side
effects
of
climate
change
while
providing
a
new
modelling
tool
in
seasonal
weather
deposition of Cs-137 released from Chernobyl nuclear power plant was simulated with the Lagrangian particle
forecast.
dispersion
model FLEXPART . The source term estimated by Evangeliou et al. (2017) was used with ECMWF
and NCEP reanalysis datasets as meteorological input data. The results were visualized with the Quicklook
plotting tool and then compared with each other and with the Cs-137 contamination map of Europe after the
Chernobyl
accident Detection
(Cs-Atlas, Efficiency
EC / IGCE of
/ the
Roshydromet/
Minchernobyl / Belhydromet, 1998). Some
T1.1-O5
IMS for Bolides
differences were observed between meteorological datasets. Moreover, the comparison with Atlas demonstrated
Brown,
Gi
that while in some P.
regions
theN.Cs-137
depositions are reproduced well, while in other regions significant
University
of
Western
Ontario, London, ON, Canada
deviations are found.
Contact: pbrown@uwo.ca
In thisAtmospheric
study we examined
344Assessment
bolides (airbursts)
reportedAfter
on North
the JPL
CNEOS
T2.4-P6
Dispersion
of Radioxenon
Korea's
6th website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Nuclear
Test
Model
detections.
We found
206Using
of theseLADAS
bolides were
detectable by at least one infrasound station while only 42 were
automatically
registered
of J.
theKim,
Reviewed
Event
Bulletin (REB) issued daily by CTBTO. However, this
K. Park,
B. Min,asS.part
Kim,
B. Yang,
K. Suh
global REB
detection
rate
of
~10%
averaged
from
2007-2018
is less
than theof"modern"
Korea Atomic Energy Research Institute (KAERI), Daejeon,
Republic
Korea rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
khpark77@kaeri.re.kr
the REB,Contact:
while more
than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
North Korea conducted the sixth underground nuclear test on 3 September 2017 at Punggye-ri Nuclear Test Site
above 15 kT with the automated detection system not having reported at least four airbursts with
(NTS).complete
Since North
Korean government shut down the site in 2018, this event maybe the last nuclear test carried
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out
the Punggye-ri
We developed
performed 3D
atmospheric
dispersion
onstructure
some radioxenon
emission
of
theatavailable
literatureNTS.
we have
realistic models
of thesimulations
underground
after an UNE.
The
scenarios
for
this
event
using
our
Lagrangian
Atmospheric
Dose
Assessment
System
(LADAS)
model
utilizing
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment
and
Numerical
Prediction
(NWP)
data based
on the
Unifiedwave
Model
(UM)
produced
by excitation
the Korea
free
surface. Weather
We performed
extensive
numerical
modeling
of seismic
fields
due to
plane-wave
Meteorological
Administration
(KMA).
Also,
explosion
information
such (representing
as location and
estimated and
test
(representing
regional
and distant
events),
nearforpoint
double-couple
sources
aftershocks)
yield, we
followed
announcement
of KMA. For the
case ofthe
immediate
radioxenon
emission,
it wasfrequency
expectedand
that
seismic
ambient
noise.
We then comprehensively
analyzed
simulated
wave fields
in the time,
a near surface radioxenon
passed
to northeast
through
Chongjin
Rason
in North
Korea and,
after 5
time-frequency
domains. Inplume
a seismic
wave
field due to
a distant
sourceand
it was
possible
to identify
and locate
September,
arrivedwave
at Hokkaido
in Japanbyvia
in Primorsky
Krai
in Russia
and northeast
of the
cavity.
A seismic
field generated
anVladivostok
aftershock was
much more
difficult
to interpret
in terms
of East
the
Sea. Therefore,
for this
event, effects
radioxenon
undetectable
Korea and
Japan.makes
The RUX58
station,
cavity
presence due
to strong
of a was
radiation
pattern.inAnalysis
of southern
seismic noise
it possible
to
one of the
International
Systemcavities.
(IMS) stations operated by the Comprehensive Nuclear-Test-Banidentify
cavity
at least for Monitoring
relatively shallow
Treaty Organization (CTBTO), was expected as a strong candidate for detection of radioxenon but unfortunately
it was not on normal operation at that time.
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Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
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C.
Alvizuri1, C. Tape
Atmospheric
Dispersion
for Guassian Straight Line Plume Model During
University&
of Accidental
Lausanne, Switzerland
Normal
Release
2
University of Alaska Fairbanks, AK, USA
A.
Rababa
Contact:
celso.alvizuri@unil.ch
Jordan Atomic Energy Commission (JAEC), Amman, Jordan
We estimate seismic
full abed.rababa@jaec.gov.jo
moment tensors and their uncertainties for seven events at the North Korea nuclear test
Contact:
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes
declared
test.ofWe
analyze is
two
events
that
occurred to of
thethe
south
and were
The firstafter
stepthe
in the
process
dosealso
evaluation
theearthquake
computation
of air
concentration
released
radio
recorded
the appropriate
same set ofatmospheric
stations. Wedispersion
perform amodels.
grid search
overcontamination
the six-dimensional
space
of moment
nuclides by
using
Ground
level due
to dry
and wet
tensors,
generating
waveforms
at each
moment
grid
point
then evaluating
a misfit
function
deposition
can alsosynthetic
be computed
for such
models.
Thetensor
second
step
is toand
compute
inhalation,
immersion
and
between
observed
anddue
synthetic
For plume
each moment
we characterize
its uncertainty
in terms
external the
gamma
doses
to the waveforms.
passage of the
(in casetensor
of continuous
and short
time release).
This
of
the variation
misfit
on the eigenvalue
lune,
probability
for moment tensor
requires
the use in
of waveform
an appropriate
dosimetric
model. Also
theaingestion
dosedensity
due tofunction
ground contamination
needs
source
type,
a confidenceenvironmental
curve for the probability
the true
moment tensor
liesconcentration
within the neighborhood
the use
of and
an appropriate
model. In that
practice
computation
of air
and ground
of
the best-fitting
moment
tensor.
We findterm,
that meteorological
the moment tensor
are clearly separated
for the
contamination
uses
input data
on source
data source
and sitetypes
characteristics.
The dose can
thensix
be
declared
nuclear
the collapse
event,integrated)
and the two
earthquakes.by
Moment
tensors for
thefactors
six explosion
computed
easilytest
byevents,
multiplying
the (time
concentration
precalculated
dose
for the
events
can be
represented
as a sum
of a double
couple and arequired
crack tensor
whose
is near
particular
nuclides
and route.
Typical
input information
for the
first plane
step –are
thehorizontal.
source term which
specifies the quantity of nuclides and the mode of release (height,velocity,etc.). Meteoroligcal parameters, the
concentration and doses are directly proportional to source strength and inversely to the wind. Once the plume
enters the atmosphere
it is subjectRatios
to transport
by wind
andKorean
diffusion.Nuclear
Atmospheric
dispersion
is then the
T2.1-O5
Seismic Spectral
Between
North
Tests:
Implications
combination of transport and diffusion.

T2.4-P8

1

for Their Seismic Sources

P. Jin

InstituteDispersion
of Nuclear Technology,
Xi'an, Shanxi,
China
T2.4-P10 Northwest
Atmospheric
of Radionuclides
Originating
from Hypothetical
Accidents
and Normal Operation in Research Reactors and Medial
Contact:
jinping@nint.ac.cn
Production Facilities

Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
conducted in M.
2009
(NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
Alessi
(NKT2016S) are
investigated.
All theArgentina
observed teleseismic P-wave spectral ratios exhibit a unique notch at
INVAP
S.E., Bariloche,
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkContact: malessi@invap.com.ar;alessixm@gmail.com
averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly
reduced.
We demonstrated
that the
observedModels
notch are
of teleseismic
P-wave
spectral
ratios
Analytical and
Commercial
Gaussian Plume
Dispersion
used at INVAP
as an
efficient
toolmay
for be
the
well
modeled
by
interference
between
pPand
P-wave,
while
regional
P-wave
spectral
ratios
may
be
well
fitted
design and optimization of Research Reactors, Medical Production Facilities (MIPFs) and Fuel Elements
with
source spectral
ratios
predicated
by classical
explosion
sourceINVAP
models has
including
MM71,
DJ91 and
theirtotwo
Manufacturing
Plants,
already
operations
in different
countries.
relevant
experience
related
the
hybrids.
Results
obtained emission,
indicate that
for NKT2017’s
buriedatdepth
theofrange
of 600-1100m,
MM71-In
atmosphere
radionuclide
monitoring
and mitigation,
each in
stage
the design
of nuclearthe
facilities.
related
models
give aofyield
estimation
100-300kt
for NKT2017,
3-7ktexamples
for NKT2019,
6-15kt for NKT2013
this work,
results
emission
fromabout
Normal
Operation
and different
of hypothetical
accidents,
and
NKT2016J
and 10-25kt and
for NKT2016S,
whileStages,
yield sizes
model DJ91
are much
considered
in Preliminary
Detailed Design
for obtained
Researchby
Reactors
and MIPFs,
aresmaller.
presented. The
different contributions of the radionuclides released to the atmosphere are analyzed, in the frame of International
and National Regulatory requirements. The contribution from Noble Gases, Iodine/Bromine and Aerosols are
presented and evaluated also from a radio-protection point of view.
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T2.4-P11
Atmospheric
Dispersion
of Radionuclides
Originating
Hypothetical
Propagation
and Scattering
in thePlants
Atmosphere
Accidents
at Rooppur
Nuclear Power
in Bangladesh
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
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Nuclear power is considered
as one of energy source in electricity generation. Although nuclear power is
considered to be economically beneficial, it has serious risks for environmental and human health due to various
experimental
results ofand
studying
the effect
a fine-scale
layered
structureresulted
of a stably
stratified
atmospheric
nuclearThe
accidents
like Chernobyl
Fukushima.
Theof
Fukushima
Nuclear
Accident
in a large
amount
of
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
radionuclides released into the atmosphere, which has greatly raised public concerns. The atmospheric impacts
by accidents
an artificial
detonation
areresearchers
presented. from
The vertical
profiles
of windradioactive
velocity fluctuations
of the min)
nuclear
were
evaluatedsource
by many
three aspects
including
baseline of in the
thin
layers
of
the
ABL
have
been
retrieved
using
the
wave
forms
and
travel
times
of
the
recorded
arrivals of
the atmosphere, the concentration limits in standards and radiological protection. Bangladesh is going to build
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
two nuclear power plants at Rooppur site. Different accident scenarios were considered to assess potentialABL is
similar to
mechanism
of scattering
of signals
from ground
surface
explosions
by background
layered nonhomogeneities
consequences
of the
a nuclear
accident
under distinct
atmospheric
conditions.
Among
the main
sources,
of
wind
velocity
and
temperature
in
the
stratosphere
and
lower
thermosphere.
The
role
of similarity
there are Nuclear Power Plants (NPPs), which may release Xenon radioisotopes during normal operation.
In parameter
this
place thedispersion
dimensionless
of the
nonhomogeneous
the verticaland
scale of
study, here
atmospheric
modelthickness
is presented
for reflecting
the evaluation
of radioxenonlayers,
releasewhich
to theisatmosphere
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
to evaluate the health impact of others radionuclide emissions, like: Cs-137, I-131, Kr-85 and Kr-88. The
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
atmospheric dispersion of these radionuclides to be released from potential nuclear accidents in Rooppur nuclear
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
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T2.4-P12 Atmospheric Radioactivity Over State of Kuwait: Fission and Activation
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
Radionuclides Availability and Concentrations During the Last Five Years
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
G. AlQadeeri
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Kuwait2 Institute for Scientific Reserch, Safat, Kuwait
CTBTO Preparatory Commission, Vienna, Austria
3
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4
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The State of Kuwait 5signed
the Comprehensive
Nuclear-Test-Ban
(CTBT)(BOKU),
in 1996, Vienna,
and the Austria
signature was
University
of Natural Resources
and AppliedTreaty
Life Sciences
ratified in May 2003.6 Health
The Treat
specifies
one
Kuwait-based
Radionuclide
Station
RN40
(KWP40).
The task of
Canada, Radiation Protection Bureau, Ottawa, ON, Canada
KWP40 is to gather data on radionuclides and to provide such data to the IDC. The station monitors a lot of
fission and activationContact:
productslucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
and the topic of this study is therefore to consider fission and activation product
availability, frequencies and concentrations using the data gathered by the station. This study also looks at the
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
key fission and activation radionuclides which are above abnormal levels in the air (level 4 and 5) and compares
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
its ratios between the last five years and assesses its causes.
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
T2.4-P13
Atmospheric
Dispersion
Conditions
After the
Europe with
low pressureTransport
gradients thatModelling
led to almostfor
stationary
thunderstorms
are correlated
with the observed
deceleration
of atmospheric
cell movement.
that 7Be andXenon
22Na can
be used as indicators for
DPRK
2017 Nuclear
Test andThis
thedemonstrates
Origin of Regional
Detections
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.J. O. Ross, P. Gaebler, L. Ceranna
Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany

Contact: ole.ross@bgr.de

T1.1-O5

Detection Efficiency of the IMS for Bolides

For the deﬁnite proof of the nuclear origin of an explosion it is necessary that traces of radioactive ﬁssion
products are released
into the N.atmosphere
and measured by radionuclide monitoring stations. The nuclear
P. Brown,
Gi
explosion conductedUniversity
and announced
by the
DPRKLondon,
on 3rdON,
September
of Western
Ontario,
Canada 2017 was the strongest so far as the
seismological analysis shows (see other presentations). The dispersion of potential releases emitted after the
Contact:
pbrown@uwo.ca
September 2017 explosion
is investigated
using the Lagrangian Particle Dispersion Model HYSPLIT operated in
forward
GFS/GDAS
meteorological
data provided
by NCEP.
In theonweeks
DPRK test
In mode
this with
study
we examined
344 bolides
(airbursts)
reported
the after
JPLthe CNEOS
website
explosion
occasionally
the
radioactive
isotope
xenon-133
was
measured
at
various
locations
in
the
regioninfrasound
by
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with
national
means of
measured
other isotopes
xenon-133
is not station
speciﬁcwhile
for nuclear
detections.
WeSouth
foundKorea.
206 of If
these
bolides without
were detectable
by at least
one infrasound
only 42 were
explosions
as
it
is
also
produced
by
other
nuclear
facilities.
Backward
Atmospheric
Transport
Modelling
is used this
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However,
to assess
the
potential
source
regions
of
those
detections.
Most
of
the
xenon-133
occurrences
in
September
2017
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
seem which
to originate
from
background
sources
but
some
in
October
at
the
IMS
station
RN58
according
to
approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported
in
atmospheric
backtracking
may
have
emerged
from theatDPRK
cavity
by a small
delayed
the REB,
while more
than
90%
are detectable
one ortest
more
infrasound
stations.
Allleakage.
airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableAtmospheric
literature we have
developed 3D
realistic
models of
the underground
structure after an UNE. The
T2.4-P14
Transport
Study
of Japan
Noble
Gas Systems
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
J. Fast
free surface. We
performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
Pacific Northwest
National
Laboratory,
WA, USA
(representing regional
and distant
events),
near pointRichland,
double-couple
sources (representing aftershocks) and
seismic ambientContact:
noise. We
then
comprehensively
analyzed
the
simulated
wave fields in the time, frequency and
jerome.fast@pnnl.gov
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
Understanding
radioxenon
backgrounds
is of
interpreting
xenon data,
specifically
cavity.
A seismic
wave field
generated by
anparamount
aftershockimportance
was much in
more
difficult IMS
to interpret
in terms
of the
in screening
outdue
uninteresting
sourcesofand
detecting/locating
interesting
sources. noise
We simulated
cavity
presence
to strong effects
a radiation
pattern. Analysis
of seismic
makes it atmospheric
possible to
transportcavity
near at
JPX38
(Takasaki,
Japan)
to determine
identify
least for
relatively
shallow
cavities. the kinds of impact that the limited term regional network
of systems there could have on interpreting JPX38 data, even after the temporary network is removed. The key is
to simulate detection of known backgrounds and possible interesting sources, then compare to measured
backgrounds to extrapolate how well a future unknown xenon source could be detected, located, and nuisance
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
backgrounds screened out.
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, L. Ceranna
We estimate seismic
full 1moment
tensors2, and
their uncertainties
for seven
events at the North Korea nuclear test
1
Federal
Institutenuclear
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Resources (BGR),
Hannover,
Germany
site, consisting of
six declared
tests andand
oneNatural
event, interpreted
as a cavity
collapse,
that occurred 8
2
Office
Radiation
Protection
(BfS), Freiburg,Germany
minutes after theFederal
declared
test.for
We
also analyze
two earthquake
events that occurred to the south and were
recorded by the
same set
of stations. We perform a grid search over the six-dimensional space of moment
Contact:
ole.ross@bgr.de
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between
the observed
and synthetic
waveforms.
For eachofmoment
tensorLagrangian
we characterize
itsDispersion
uncertaintyModels
in termsis
In the framework
of CTBT
monitoring
the application
atmospheric
Particle
of
the
variation
in
waveform
misfit
on
the
eigenvalue
lune,
a
probability
density
function
for
moment
well established to confine source regions of radionuclide detections. For that Source Receptor Sensitivitytensor
(SRS)
source
type,
and a confidence
for the mode
probability
the true
moment
tensor liesapproaches
within the neighborhood
fields are
regularly
calculated curve
in backward
for airthat
samples.
Various
localization
for combining
of
the fields
best-fitting
moment tensor.
We find
that the
moment
tensor
sourcesingle
types are
clearly
separated
thewere
six
SRS
for detections
at multiple
stations
caused
by an
assumed
source
in space
and for
time
declared
nuclear
events,
the collapse
event,
and the
two earthquakes.
tensors
for the SRS
six explosion
introduced
over test
the last
decade.
Especially
a simple
additive
coincidenceMoment
approach
overlapping
fields for
events
candetections
be represented
as a sum
ofquite
a double
coupleinand
a crack
plane is was
nearexpanded
horizontal.
multiple
has shown
to be
promising
several
testtensor
cases.whose
This method
to evaluate
source regions of repeating radioxenon detections at single stations. The simulated source regions of air samples
with elevated xenon-133 activity concentrations are stacked in space in order to evaluate a region of potential
common origin.
Examples
from recent
years
are shown
for Korean
different IMS
radionuclide
Especially
T2.1-O5
Seismic
Spectral
Ratios
Between
North
Nuclear
Tests: stations.
Implications
highlighted is the potential source area of recent radixenon activity concetration peaks at the German station
for Their Seismic Sources
RN33, Schauinsland, which is operated by BfS.
P. Jin
Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China
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Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
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the observed
P-wave
spectral ratios exhibit a unique notch at
2
National
Institute
Astronomy
and Lg-wave
Geophysics
(NRIAG),
Helwan,
Egypt the networkapproximately 2.5Hz
that Research
is not observed
forofregional
P- and
spectral
ratios.
Meanwhile,
averaged Lg-wave
spectral
ratio
is
similar
to
that
of
regional
P-wave,
but
with
the
source
corner frequencies
Contact: m6yehia@yahoo.com
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well
modeled atmospheric
by interference
between pP-is and
P-wave,for
while
regional P-wave
spectral ratios
may be
well fitted
Monitoring
radioxenons
essential
confirming
an underground
nuclear
weapon
test.
with
source spectral
ratios to
predicated
by classical
explosion
source(IMS)
models
MM71, DJ91
and their two
Accordingly,
it is crucial
the international
monitoring
system
of including
the Comprehensive
Nuclear-Test-Ban
hybrids.
Results obtained
indicate
that forworldwide.
NKT2017’sFour
buried
in theisotopes
range ofare
600-1100m,
Treaty (CTBT)
to monitor
radioxenon
of depth
the xenon
of interesttheforMM71CTBT
related
models131mXe,
give a yield
estimation
about
3-7kt forthe
NKT2019,
6-15ktare
forproduced
NKT2013in
verification;
133mXe,
133Xe
and100-300kt
135Xe. Infor
a NKT2017,
nuclear explosion,
four isotopes
and
NKT2016J
and 10-25kt
for half‐live
NKT2016S,
while
sizestoobtained
byappreciable
model DJ91amount
are much
sufficient
quantities
and have
times
longyield
enough
allow an
to smaller.
travel and reach
IMS radioxenon stations. Therefore, understanding the Xenon background at the IMS stations is important to
CTBT verification process. In this work, a comparative study between the global radioxenon background in
2016, 2017 and 2018 is conducted to determine the evolution of Xe background for all the available IMS
stations. The stations with pronounced changes in its Xe background were identified and the ratios between
different Xe isotopes were calculated and analyzed.
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Development
of Compact
Xenon
Adsorption
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forModeling
Medical Infrasound
Propagation
and Scattering
into
the
Atmosphere
Radioisotope
Production
Facilities
Mitigate
Global Radioxenon
1
1
1
Background
I. Chunchuzov , S. Kulichkov , V. Perepelkin , O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov
Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
S. Lee1, Federation
J.S. Lee2
1
2
Hanyang
University,
Seoul,
Republic
Korea
Barva
Innovation
Center,
Talin,ofArmenia
2
Korea Atomic Energy Research Institute (KAERI), Daejeon, Republic of Korea
Contact: igor.chunchuzov@gmail.com

Contact: seungkonlee@kaeri.re.kr
The experimental
results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
KAERI launched new research reactor project in 2012. The project covers reactor and fission-based medical
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
radioisotope production facilities. Research activities related with fission Mo-99 target and process development
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
have been also initiated in 2012 in Korea. In this report, management scheme for the xenon and iodine emission
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
from the fission Mo-99 process was presented. Additionally, KAERI’s contribution to the development of
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
compact xenon reduction system was presented. Concept and experimental data of the prototype xenon reduction
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
systems with chilled activated carbon column was exhibited. Based on the result, new system has been designed
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
and fabricated with integrated gas mixer and cryogenic cooler in the carbon column. Finally, conceptual design
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
of the practical in-cell xenon reduction system was presented to be installed as an installation in the KAERI’s
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
new research reactor was proposed. Developed xenon mitigation system will contribute to minimize global and
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
local radioxenon background originated from the medical radioisotope facilities, such as fission Mo-99
This work was supported by RFBR N 18-55-05002
production facilities.

T1.1-O4 Climate Change Through the Eyes of Radioisotopes
T2.4-P19 Devices to Reduce Emission of Radioactive Noble Gases via Hydrogen
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
E.C. Carranza,
L. Santaren
1
Belgian Nuclear
Research Center (SCK•CEN), Mol, Belgium
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Nacional de Energía Atómica de Argentina (CNEA), Argentina
2
CTBTO Preparatory Commission, Vienna, Austria
3
Contact:
edcarran@cae.cnea.gov.ar;edcarran2000@yahoo.com.ar
Central
Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
The Fission Radioisotope
Production
Plant Resources
of Argentina,
theSciences
Ezeiza Atomic
Center,
produces
University
of Natural
andlocated
AppliedatLife
(BOKU),
Vienna,
AustriaMo 99
6 targets with High Enrichment Uranium. In 2002 the targets have been changed by Low
since 1985, irradiating
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Enrichment Uranium. Facilities that produce radioisotopes by fission are considered one of the largest emitters
of radioactive noble Contact:
gases intolucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
the environment. The increase of the background of radioactive noble gases and
particularly the Xe-133 does not favor the rapid detection of an undeclared nuclear explosion, a task carried out
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
by the monitoring stations of the CTBTO in different parts of the planet. The poster describes the process of
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
production of radioisotopes by fission, the dissolution of the targets with uranium in an alkaline medium and the
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
generation of hydrogen. The emission of noble gases via hydrogen will be analyzed, the different devices to
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
retain it and / or reduce it and a comparative study of them, its characteristics, advantages and disadvantages.
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
T2.4-P20
ECMWF
Data
Setsofasclimate
Input change
for thewhile
ATM
FLEXPART
Prepared
New weather
confirming
several side
effects
providing
a new modelling
toolby
in aseasonal
forecast.Version of the flex_extract Tool
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Detection Efficiency of the IMS for Bolides
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A tool called flex_extract has been developed over many years, partly on behalf of the CTBTO/PTS, to retrieve
pbrown@uwo.ca
meteorological dataContact:
from ECMWF’s
MARS archive for driving FLEXPART or the WRF model. Its
functionality
and 344
execution
of MARS
requests,
calculation
vertical
winds for
In thisincludes
study thewegeneration
examined
bolides
(airbursts)
reported
on ofthethe JPL
CNEOS
website
FLEXPART,
and
transformation
to
a
latitude-longitude
grid.
Additionally,
it
disaggregates
accumulated
flux
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
data, such
as precipitation,
final were
FLEXPART
input
In 2018,
several changes
with
detections.
We foundand
206prepares
of thesethe
bolides
detectable
by files.
at least
one infrasound
station occurred
while only
42 were
respectautomatically
to ECMWF data,
such
as
the
replacement
of
grib_api
by
ecCodes,
of
emoslib
by
the
new
interpolation
registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
libraryglobal
MARS-MIR,
and alsorate
in of
the~10%
Web averaged
API. Furthermore,
more data
canthan
nowthe
be "modern"
accessed by
REB detection
from 2007-2018
is less
ratenon-member(from 2014-2018)
state users.
The
latest
reanalysis,
ERA5,
with
many
improvements
compared
to
the
previous
ERA-Interim,
is
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts
are reported
in
currently
from
1979
on.90%
The diversity
of data
themore
possible
combinations
of All
MARS
request
settings
the available
REB, while
more
than
are detectable
at sets,
one or
infrasound
stations.
airbursts
with
energy > 2
and ways
of accessing
can besite
confusing
for have
less experienced
Therefore,However,
an overview
of theis only
kT reported
on theMARS
JPL fireball
since 2007
been detectedusers.
infrasonically.
the REB
available
ECMWF
data15sets
how they
can be system
accessednot
with
the latest
version
of flex_extract
is with
complete
above
kTand
withthetheways
automated
detection
having
reported
at least
four airbursts
presented.
1
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of
the availableEstablishment
literature we have of
developed
3D realistic
models Using
of the underground
T2.4-P21
the National
Baseline
Data fromstructure
IDC after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
P. performed
Krisanangkura,
S. Udomsomporn
free surface. We
extensive
numerical modeling of seismic wave fields due to plane-wave excitation
Office of and
Atoms
for Peace,
Bangkok,
Thailand
(representing regional
distant
events),
near point
double-couple sources (representing aftershocks) and
seismic ambient
noise.
We
then
comprehensively
analyzed
the simulated wave fields in the time, frequency and
Contact: koonghime@gmail.com;krispiyawan@gmail.com
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
The radionuclide
levels field
fromgenerated
the selected
IMS
stations was
have much
been more
studied,
in order
to establish
the national
cavity.
A seismic wave
by an
aftershock
difficult
to interpret
in terms
of the
baselines.
The study
focused
on specific
radionuclides
nuclides
medical
cavity
presence
due tohas
strong
effects
of a radiation
pattern. including
Analysis of
seismicfrom
noise
makesproduction
it possibleand
to
fission cavity
products
fromfor
nuclear
reactors
or cavities.
nuclear power plants, as well as existing particulate and gaseous
identify
at least
relatively
shallow
nuclides from nuclear tests from the past. The data obtained from IDC products for the region of East Asia have
been analyzed from year 2010. Then, geostatistic analysis has been performed to study the probability
distributions of the radiation from the nuclides of interest across the country. The radiation baselines will be used
T2.1-O4
Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
as a new measure supporting the decision making in case of nuclear incidents in the region.
C. Alvizuri1, C. Tape2
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University of Lausanne, Switzerland
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T2.4-P22 Estimation
of theFairbanks,
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Atmospheric Transport
Contact:

Modeling

S. Mekhaimr
We estimate seismic
full moment tensors and their uncertainties for seven events at the North Korea nuclear test
Researchnuclear
Institutetests
of Astronomy
and Geophysics
Helwan,
Egypt
site, consistingNational
of six declared
and one event,
interpreted(NRIAG),
as a cavity
collapse,
that occurred 8
minutes after the
declared
test.
We
also
analyze
two
earthquake
events
that
occurred
to
the
south
and were
Contact: Sayedmekhaimr@gmail.com;mekhaimr@nriag.sci.eg
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
tensors,
generating
synthetic
waveforms
at eachofmoment
tensor grid
point and
evaluating
a misfitoffunction
This work
describes
the recent
development
Egyptian-NDC
approach
for then
the source
estimation
CTBTbetween
observed and(RN)
synthetic
waveforms.
For each
momentatmospheric
tensor we characterize
its uncertainty
in terms
Relevantthe
Radionuclides
by using
an ensemble
of Adjoint
transport and
dispersion modeling
of
the variation
waveform misfit
eigenvalue
lune, a probability
density
function
for source
momentlocation,
tensor
(ATM).
A new in
deterministic
methodonis the
developed
for simultaneous
estimation
of the
possible
source
and and
a confidence
curve for
themethod
probability
that on
thethe
trueleast
moment
tensor
within theThe
neighborhood
time oftype,
release,
source strength.
This
is based
square
linearlies
regression.
verification
of
We find
that adjoint
the moment
source types
are clearly measurements,
separated for the
six
of the
thisbest-fitting
method, inmoment
case of atensor.
simplified
perfect
ATMtensor
and error-free
concentrations
shows
declared
nuclear provides
test events,
collapse
and theSince,
two earthquakes.
Moment tensors
for the
that the method
thethe
exact
sourceevent,
parameters.
in the real atmospheric
dispersion
of six
RN,explosion
there are
events
can be represented
as a sum
of adeterministic
double couplemethods
and a crack
whose
plane isofnear
horizontal.
many sources
of uncertainty,
and the
fail. tensor
Therefore
a system
ensemble
adjoint ATM
and Bayesian inference approach was developed to address the uncertainty in the source term estimation. Some
examples by using synthetic measurements experiments, for real atmospheric conditions, illustrate the ability of
this combinedSeismic
method toSpectral
retrieve the
possible
source parameters
and quantify
the uncertainty
in this estimation.
T2.1-O5
Ratios
Between
North Korean
Nuclear
Tests: Implications
This approach is currently running over regional scale due to the lack of computing power, but it is applicable
for Their Seismic Sources
also to global scale.
P. Jin
Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China

T2.4-P23 Contact:
Estimation
of Xenon Background for the IMS Stations Located in the Pacific
jinping@nint.ac.cn
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Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
Kusmierczyk-Michulec,
Kalinowski,
H. Tatlisu
conducted in J.2009
(NKT2009), 2013 M.
(NKT2013),
January,
2016 (NKT2016J) and September, 2016
CTBTO
Preparatory
Commission,
Austria
(NKT2016S) are
investigated.
All the
observed Vienna,
teleseismic
P-wave spectral ratios exhibit a unique notch at
approximately Contact:
2.5Hz thatjolanta.kusmierczyk-michulec@ctbto.org
is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly
reduced.
We demonstrated
that the
observed
of teleseismic
P-wave
may the
be
In the process
of verification
whether a given
detection
cannotch
be caused
by an event
like aspectral
nuclear ratios
explosion,
well
modeled
by interference
between
pP- and
P-wave,
while
regional
P-wave spectral
ratios
may be well
fitted
knowledge
about
civil sources
like nuclear
power
plants
or isotope
production
facilities
is extremely
important
with
source
ratiostopredicated
by classical
source
modelsbackground
including MM71,
DJ91 and Transport
their two
because
theyspectral
contribute
the background
signal.explosion
To estimate
the xenon
the Atmospheric
hybrids.
Results
obtained
that for with
NKT2017’s
depth in
thestudy
rangeperiod
of 600-1100m,
the MM71Modelling
(ATM)
results indicate
were combined
Xe-133 buried
observations.
The
covers 9 months,
from
related
give a2014.
yieldThis
estimation
about 100-300kt
forchanges
NKT2017,
3-7kt
for NKT2019,
6-15kt
NKT2013
April tomodels
December
study shows
the monthly
in the
Xe-133
background
for 3for
IMS
stations:
and
NKT2016J
and 10-25kt
NKT2016S,
yield
obtained
by model
DJ91
much smaller.that NPP
JPX38
in Takasaki,
Japan, for
USX77
in Wakewhile
Island
andsizes
USX79
in Oahu,
Hawaii.
It are
is demonstrated
emissions can significantly contribute to the Xe-133 measurements even at remote locations like IMS stations
USX77 in Wake Island or USX79 in Oahu, Hawaii.
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Neutron activation products,
such as Ar-37 and Ar-39, comprise an important component of the radionuclide
2
Barva Innovation Center, Talin, Armenia
signature from an underground nuclear explosion (UNE). While the production of activation products from a
Contact:
UNE can be predicted
based onigor.chunchuzov@gmail.com
relevant cross-sections and geologic composition, uncertainty still remains as to
what fraction of the activation products are released from the geologic matrix into air-filled pore space – the
The fraction.
experimental
results
of developed
studying the
effect ofNorthwest
a fine-scale
layeredLaboratory
structure of
stably stratified
atmospheric
emanation
A system
was
at Pacific
National
to aquantify
the emanation
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
fraction of argon from samples ranging in size from powder to small (multiple centimeter) rocks. To date, seven
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
materials, two powders and five rock types, have been irradiated with neutrons and the emanation fraction of Ar- in the
thin
layers ofAdditionally,
the ABL have
retrieved
using the
travel times
of the
recorded
arrivals of
37 been
measured.
thebeen
emanation
of Ar-39
for wave
four offorms
thoseand
materials
was also
measured.
These
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
measured emanation fractions of both Ar-37 and Ar-39 will be presented along with a brief description of theABL is
the mechanism
systemsimilar
used totomeasure
them. of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
T2.4-P26
Global
of Radioiodine
the CTBT
International
Monitoring
wavelength.
The Observations
effect of such inhomogeneities
on theby
temporal
fluctuations
of the azimuth
and arrival times of
System
the signals
is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
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For the purpose of global
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for nuclear
explosion
the Comprehensive
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, M. Kalinowski
, G.
Wotawasignatures
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M. Schoeppner
, I. T. Hoffman
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Ban Treaty (CTBT), aBelgian
uniqueNuclear
International
Monitoring
System (IMS)
80 radionuclide stations is being
Research
Center (SCK•CEN),
Mol,with
Belgium
established. The daily2 CTBTO
samplesPreparatory
are analysedCommission,
with focus on
the 83Austria
CTBT-relevant radionuclides including I-130,
Vienna,
3 being all fission products. In addition, separate systems of noble gas detectors at initially
I-131, I-133 and I-135,
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
40 sites analyse the atmospheric
air for radioxenon
TU Wien Atominstitut,
Vienna, isotopes
Austria of interest. I-131 is of special interest for nuclear
explosion monitoring5 because
it
is
a
direct
precursor
Xe-131m
most relevant
for Vienna,
possibleAustria
detection of
University of Natural Resourcesofand
Appliedthat
LifeisSciences
(BOKU),
underground nuclear6 Health
tests. This
paper
summarizes
the
observations
made
at
all
IMS
stations
since their
Canada, Radiation Protection Bureau, Ottawa, ON, Canada
beginning of operation. It discusses the trends and global radioiodine distributions with a special emphasis on the
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
nuclear debris observed
as a consequence
of the Fukushima accident when multiple radioiodine isotopes were
observed, including I-132. The implications of radioiodine observations for CTBT verification are investigated.
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
The isotopic activity ratios are an opportunity to distinguish nuclear explosion signatures from normal
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
anthropogenic background.
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
T2.4-P27
Emission
Inventory
for 2014
by Normal
Operational
Europe Global
with low Radioxenon
pressure gradients
that led to
almost stationary
thunderstorms
are correlated
with the observed
deceleration
of atmospheric
cell movement.
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that 7Be
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can be used as indicators for
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from Nuclear
PowerThis
Plants
and Medical
Isotope
Production
confirming
several side effects of climate change while providing a new modelling tool in seasonal weather
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forecast.
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explosions. Various peer-reviewed publications establish the global radioxenon
emission inventory by normal operational releases from certain types of facilities: nuclear power plants, medical
isotopeInproduction
facilities,
most recently
also for (airbursts)
nuclear research
reactors.
emissionwebsite
this study
we and
examined
344 bolides
reported
on The
the integrated
JPL CNEOS
inventory
presented here collects the best estimates
all relevantand
sources
world-wide.
As much
as possible
it
(https://cneos.jpl.nasa.gov/fireballs/)
betweenfor2007-2018
attempt
to correlate
these
with infrasound
presents
the real 2014
emissions
variations
over detectable
time as reported
by the
operators.
detections.
We found
206 ofwith
these
bolides were
by at least
one facility
infrasound
station Otherwise,
while only it
42 were
appliesautomatically
the best available
estimated
forofa generic
year. This
emission
can bedaily
usedby
forCTBTO.
source-receptor
registered
as part
the Reviewed
Event
Bulletininventory
(REB) issued
However, this
studiesglobal
with REB
atmospheric
models
and for
simulated
observed
radioxenon
detectiontransport
rate of ~10%
averaged
fromcomparing
2007-2018 the
is less
than the and
"modern"
rate (from
2014-2018)
concentrations
at the locations
of the the
noble
systems
that threshold,
are part ofwethefind
CTBT
International
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which approaches
20%. Above
1 kTgas
CTBTO
design
that 40%
of airbursts
are reported in
Systemthe
(IMS).
purpose
is to 90%
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scientific at
solid
set toinfrasound
be used for
calibration
of screening
REB,The
while
more than
are adetectable
onedata
or more
stations.
All airbursts
with IMS
energy > 2
noble gas
and JPL
to assess
the site
performance
of IMS
kT observations
reported on the
fireball
since 2007
have stations.
been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableHemispheric
literature we have
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In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
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effects of adispersion
radiation of
pattern.
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Power Plant
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March 2011, by comparing simulations with observation data from
CTBT International Monitoring Systems. We used WSPEEDI-II (Worldwide version of System for Prediction of
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model GEARN,
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Korea
dispersion simulations. It was shown in our simulations that calculated Cs-137 concentrations generally agreed
2
well with theC.measurements.
By using
atmospheric dispersion simulations with limited release period, we
Alvizuri1, C. Tape
1
University
Switzerland
investigated release
time of
ofLausanne,
Cs-137 observed
at CTBT stations. It was found that the Cs-137 released from
University
of Alaska
Fairbanks,
March 12 to 214
was dispersed
almost
all overAK,
theUSA
northern hemisphere and the most of Cs-137 observed in
Europe is due to the release during this period. Meanwhile, the Cs-137 released from March 17 to 19 mainly
Contact: celso.alvizuri@unil.ch
reached around the Pacific Islands area and the West Coast of the USA. These results might be useful for reestimation
the release
amount of
Cs-137
from
FDNPP. for seven events at the North Korea nuclear test
We
estimateofseismic
full moment
tensors
and
theirthe
uncertainties
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
recorded
by theHow
samethe
set UK
of stations.
We Data
perform
a grid Utilises
search over
the Monitoring
six-dimensionalData
spaceinof moment
T2.4-P29
National
Centre
Stack
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
Support of the Comprehensive Nuclear-Test-Ban Treaty
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
of the variationA.inDavies,
waveform
misfit on the eigenvalue lune, a probability density function for moment tensor
R. Britton
source type, andAWE
a confidence
curve
for the probability
that the true moment tensor lies within the neighborhood
Aldermaston, Reading,
United Kingdom
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
Contact:
ashley.davies@awe.co.uk
declared nuclear
test events,
the collapse event, and the two earthquakes. Moment tensors for the six explosion
events
can
be
represented
as
a
sum of a double
and a crack
tensor whose
plane isSystem
near horizontal.
The Comprehensive Nuclear-Test-Ban
Treatycouple
(CTBTO)
International
Monitoring
(IMS) provides a
network of 120 Radionuclide detection systems, strategically positioned around the globe with the aim of
detecting radionuclide emissions from nuclear explosions. Scientists at the UK National Data Centre (NDC)
based at AWE
Aldermaston,
work
to support
the UK’s
obligation
to Nuclear
The TreatyTests:
by monitoring
the IMS,
T2.1-O5
Seismic
Spectral
Ratios
Between
North
Korean
Implications
providing expert
interpretation
and
advice
to
the
UK
government.
This
talk
covers
recent
developments
in
for Their Seismic Sources
radiometric data analysis for particulate and noble gas radionuclides - specifically an automated atmospheric
transport modelling
P. Jin (ATM) pipeline utilising prototype stack monitoring data from IRE as part of the STAX
project.
Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China
Contact: jinping@nint.ac.cn
Seismic
spectral
ratios between
2017 Northon
Korean
nuclear
test (NKT2017) and
four other
Korean tests
T2.4-P30
Impact
of CRLtheShutdown
CTBTO
North-American
Noble
Gas Stations
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
J. Baré,
P. Bourgouin,
Kusmierczyk-Michulec,
A. Leppänen
(NKT2016S) are
investigated.
All the J.observed
teleseismic P-wave
spectral ratios exhibit a unique notch at
CTBTOthat
Preparatory
Commission,
Vienna,
Austria
approximately 2.5Hz
is not observed
for regional
P- and
Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave
spectral
ratio is similar to that of regional P-wave, but with the source corner frequencies
Contact:
jonathan.bare@ctbto.org
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well
by of
interference
between
pP- and
while
P-wave spectral
ratios may
well fitted
The modeled
monitoring
atmospheric
radioxenon
is aP-wave,
key aspect
of regional
the unambiguous
identification
of anbeunderground
with
source
spectralby
ratios
by classicalthe
explosion
models
MM71,noble
DJ91gas
andnetwork
their twois
nuclear
explosion
the predicated
CTBTO. However,
detectionsource
capability
ofincluding
the CTBTO’s
hybrids.
obtained of
indicate
that forbackground
NKT2017’sproduced
buried depth
in thecivil
range
of 600-1100m,
the MM71impactedResults
by the presence
a radioxenon
by nuclear
activities.
Radiopharmaceuticals
related
models
give a have
yield been
estimation
aboutin100-300kt
NKT2017,contributors
3-7kt for NKT2019,
6-15kt forbackground.
NKT2013
production
facilities
identified
the past asforsignificant
to the radioxenon
and
NKT2016J
andlimited
10-25ktnumber,
for NKT2016S,
whileduring
yield sizes
obtained
model DJ91
Despite
their very
their releases
normal
routinebyoperations
canare
be much
up to smaller.
several orders of
magnitude above those attributed to other civil nuclear facilities. On 1st of November 2016, the NRU
multipurpose reactor in Chalk River Nuclear Labs halted production of medical radioisotopes. The cessation of
the production affords a special opportunity to assess the impact of the releases on the detection at some NorthAmerican noble gas stations of the CTBTO network. ATM is used as a supporting tool to identify the
measurements associated with the emissions from NRU. Preliminary results showing this impact are discussed.
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As the developmentContact:
of thorium-based
nuclear fuels for long-term sustainability of electricity generation have
reached a step to closer commercial approval in some countries, the future impacts to the CTBTO's radionuclide
The experimental
of studying
the effect
a fine-scale
layered
structure of
a stably
stratified
atmospheric
monitoring
regime need results
to be taken
into account.
Its of
potential
sources
of radioxenon
and
other fission
products
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
are a real challenge and need to be considered. We have made initial estimation of the products through fission
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
yields of 233U and 235U data. To support and validate this analysis we have made measurement and analysis of in the
of the
ABL
havesamples
been retrieved
the wave formsdelayed
and travel
timescounting
of the recorded
of
233U thin
fromlayers
irradiated
0.1g
ThO2
by usingusing
the fission-induced
neutron
method. arrivals
The
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
ABL
is
amounts of 233U produced was 17.2 +/- 1.9 µg after 50 hours irradiation by the Kartini reactor at an average
11 mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
similar
to
the
neutron flux of 10 n cm-2 s-1, cooled down for 55 days, and re-irradiated for 100 hours. This value is in a good
of wind
and temperature
in the
stratosphere
and lower
thermosphere.
The role
similarity
parameter
agreement
withvelocity
the measurement
results
through
the strongest
gamma
line of 233Pa
by of
using
a gamma
here place
the dimensionless
thickness
the the
reflecting
nonhomogeneous
layers,
which
is the vertical
scale of
spectrometry
system
i.e (16.8 +/- 1.2
µg) andofwith
calculated
amounts of 233U
using
ORIGEN2
computer
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
code (14.3 µg). For better estimation, the ThO2 samples will be re-irradiated again by the Siwabessy reactor at
14
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
neutron flux of 10 n cm-2 s-1. In future activities, the 135Xe and 233Pa build-up of thorium based fuel will be
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
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T2.4-P32 Impacts of Tropical Climate on Radioactivity Measurement in Particles
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
Collected at the Recently Certified RN65, Thailand
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
P. Hongpitakpong,
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3
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4
TU Wien Atominstitut, Vienna, Austria
5
It has been widely known
that climate
factors
such as ambient
temperature
potentially
influence
transportation
of
University
of Natural
Resources
and Applied
Life Sciences
(BOKU),
Vienna,
Austria
particles and gases in6 Health
surfaceCanada,
air and soil.
This
impact
is
even
larger
under
circumstances
of
extreme
climate
in
Radiation Protection Bureau, Ottawa, ON, Canada
the tropical zone. IMS Radionuclide and Noble Gas monitoring stations are operated by sampling particulates
and gases at surfaceContact:
air level.lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
This could be affected by those factors resulting in fluctuation of background
radioactivity measured from gamma-emitting radionuclides and Minimum Detectable Concentration (MDC).
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
This study aims to reveal impacts of tropical climate factors including ambient temperature and humidity on
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
background radioactivity levels of interested radionuclides. The results obtained from this work would be used
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
for more accurate analysis and more reliable interpretation of gamma spectrum gain from the newly certified
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
RN65 and other stations located in the tropical area. In addition, these high-quality scientific data would help
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
strengthen the environmental radioactivity databases at the national and international levels.
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
T2.4-P33
forecast.Inhalation Dose Assessment of 212Pb and 7Be Using Data of IMS RN65

T. Itthipoonthanakorn, P. Hongpitakpong, M. Sriya, Y. Tumnoi
Office of Atoms for Peace, Bangkok, Thailand
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Detection Efficiency of the IMS for Bolides

Contact: thawatchai.i@oap.go.th;itthipoon@gmail.com;itthipoon@gmail.com
P. Brown, N. Gi
Every year during December
JanuaryOntario,
high pressure
the capital of Thailand and provinces in the
University and
of Western
London,covers
ON, Canada
central part resulting the air ventilation is limited in vertical direction. Air pollution occurring in Bangkok has
Contact:
pbrown@uwo.ca
been horizontal flown
to neighbor
provinces including Nakhon Pathom where RN65 located. Very high density
of PM2.5 dust has been continuously reported by the Pollution Control Department. Health problems
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
experienced by people due to dust inhalation increased significantly. Internal exposure dose from inhalation of
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
dust attached with natural radionuclides is also expected to be increased in areas of dust pollution. Activity
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
concentrations of natural radionuclides such as 7Be and 212Pb reported in RRR during the period are used for
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
assessing the inhalation dose for people living near the RN65 station. Finally, statistical analysis of 7Be and
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
212FPb activity concentrations with interesting factors were analysed and reported in this study.
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of
the availableIntroducing
literature we have
developed 3D realistic
models ofFracture
the underground
structure after
UNE. The
T2.4-P34
Geomechanics
and Discrete
Capabilities
intoanSTOMP
most general model
consists of cavity,
chimney
with apical
fractured zone, environment and
to Understand
the First
10-100m
of void,
UNEcrushed
Signalzone,
Transport
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
J. Lowrey,
White,
C. Johnson,
M. Rockhold
(representing regional
andM.
distant
events),
near point
double-couple sources (representing aftershocks) and
National Laboratory,
Richland,
WA, USAwave fields in the time, frequency and
seismic ambientPacific
noise.Northwest
We then comprehensively
analyzed
the simulated
time-frequencyContact:
domains.justin.lowrey@pnnl.gov
In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity
presence
due
strong
of aonradiation
pattern.
Analysis of seismic
makes
it possible
to
Substantial
effort
hastogone
intoeffects
research
the evolution
of underground
nuclear noise
explosion
(UNE)
signatures
identify
at least forand
relatively
within cavity
the subsurface
aboveshallow
groundcavities.
environments as a result of natural, relatively slow transport
mechanisms. Dynamics of signature evolution in the subsurface just after UNE detonation (e.g. fractionation of
volatile noble gas precursors) have been increasingly demonstrated to have critical influence in determining
eventual noble
gas signatures
exploited by
monitoring
technologies.
Traditionally,
subsurface
modeling
T2.1-O4
Seismic
Full Moment
Tensor
Analysis
of Nuclear
Explosions
in transport
North Korea
using the Subsurface Transport Over Multiple Phases (STOMP) code and other similar simulators have largely
1
treated the early-time
UNE
very simplistically as an ill-defined, high temperature and pressure
C. Alvizuri
, C.environment
Tape2
1
Lausanne,
Switzerland
"energy pill" orUniversity
have evenofbegun
simulations
with some generic initial distribution of the radionuclides under the
2
University
of Alaska
Fairbanks,
AK, USA
assumption that
the early time
dynamics
took place
rapidly and have concluded. In an effort to bridge this gap in
UNE signature simulation capability, geomechanical and discrete fracture simulation capabilities have been
Contact: celso.alvizuri@unil.ch
implemented in STOMP to more directly assess the impact of early time rock damage and high temperature and
pressure
induced
transport
on UNE
signature
evolution.
An overview
of these
implementations
along with
We
estimate
seismic
full moment
tensors
and their
uncertainties
for seven events
at the
North Korea nuclear
test
results
of initialof
scenario
simulations
andtests
projected
future
workinterpreted
will be presented.
site,
consisting
six declared
nuclear
and one
event,
as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
tensors,
generating
synthetic
waveforms
at each moment
tensor grid
point and then evaluating a misfit function
T2.4-P35
Inverse
Modelling
Applied
to the Xe-133
Background
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
2
1
Meutter1misfit
, A. Delcloo
J. Camps1, lune,
C. Gueibe
of the variationP.inDewaveform
on the, eigenvalue
a probability density function for moment tensor
1
Nuclear
Research
(SCK•CEN),
Mol,moment
Belgiumtensor lies within the neighborhood
source type, and Belgian
a confidence
curve
for the Center
probability
that the true
2
Meteorological
Institute
Belgium
of the best-fittingRoyal
moment
tensor. We find
that of
theBelgium,
momentBrussels,
tensor source
types are clearly separated for the six
declared nuclear
test
events,
the
collapse
event,
and
the
two
earthquakes.
Moment
tensors for the six explosion
Contact: andy.delcloo@meteo.be
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
Inverse atmospheric transport modelling allows to locate the origin of airborne radionuclides. Worldwide, the
International Monitoring System (IMS) monitors for the presence of specific airborne radionuclides in order to
verify compliance
with Spectral
the Comprehensive
Nuclear-Test-Ban
Treaty. Certain
radioactive
gases such as
T2.1-O5
Seismic
Ratios Between
North Korean
Nuclear
Tests:noble
Implications
Xe-133 are attractive tracers as they are more likely to be detected after an underground nuclear explosion than
for Their Seismic Sources
particulates. The regular IMS detections of Xe-133 that originate from civil sources, in particular medical isotope
production facilities,
P. Jin complicate Treaty verification. In this study, we make use of these Xe-133 detections (and
non-detections)
at specific
stations
in the Northern
Hemisphere
and apply
inverse modelling. We compare the
Northwest
Institute
of Nuclear
Technology,
Xi'an, Shanxi,
China
results, such as location and emission, with the properties of a major medical isotope production facility. As
Contact:
such, our study
allowsjinping@nint.ac.cn
to test the inverse modelling capability in a real-world environment, with a single
dominant
source
but
where
detections
contaminated
by contributions
from other
radioxenon
emitters,
Seismic spectral ratios between
the 2017areNorth
Korean nuclear
test (NKT2017)
and four
other Korean
testsin
particular
other
medical
isotope
production
facilities
and
nuclear
power
plants.
We
have
selected
several
timeconducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
consecutive cases
covering a All
longthe
period
of time.
Therefore,
our results
applicability
(NKT2016S)
are investigated.
observed
teleseismic
P-wave
spectralbenefit
ratios from
exhibita awider
unique
notch at
compared to studies
withobserved
a specific
only. P- and Lg-wave spectral ratios. Meanwhile, the networkapproximately
2.5Hz dealing
that is not
forcase
regional

averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well
modeled by
interference between
pP- and P-wave,
regional
P-wave spectral
ratiosReactors
may be well fitted
T2.4-P36
Investigation
of Emission
of 37Arwhile
from
All Nuclear
Research
with source spectral
ratios predicated by classical explosion source models including MM71, DJ91 and their two
Worldwide
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM711
2
, P. Tayyebi
related models M.
giveKalinowski
a yield estimation
about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
1
CTBTO
Preparatory
Commission,
Vienna,
Austria
and NKT2016J and
10-25kt
for NKT2016S,
while yield
sizes
obtained by model DJ91 are much smaller.
2
Iran Nuclear Regulatory Authority, Tehran, Iran

Contact: pooneh.tayyebi@gmail.com
37Ar is an indicator of an underground nuclear explosion in on-site inspection. This radioisotope is produced via
40Ca (n, α) 37Ar reaction through neutron activation of 40Ca included in the rocks near to the nuclear explosion
location. The relatively long half-life of 35 days compared to short-lived CTBT-relevant radioxenon isotopes
results into 37Ar activity becoming stronger than radioxenon activity approximately 50 days post-detonation. In
addition to nuclear explosions, 37Ar can also be produced via neutron activation of air within a neutron emitting
facility such as nuclear power plants or research reactors. In recent years, efforts were started to investigate the
contribution of specific sources to the radiargon background. In this presentation, the emission of 37Ar from
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Propagation and Scattering in the Atmosphere
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Contact:
christophe.gueibe@sckcen.be
boundary
layer (ABL)
on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
The noble gas component of the IMS has considerably grown and improved since the certification of the first
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
noble gas system. Since then, additional noble gas systems were certified in the IMS and are continuously
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
sampling and measuring radioxenon in the atmosphere. During the operation of these systems, a worldwide
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
radioxenon background originating from civilian facilities has been observed, which is composed especially of
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Xe-133. This worldwide civilian radioxenon background makes the CTBT verification work of NDCs very
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
challenging. In some regions of the world, the noble gas systems are detecting Xe-133 almost every day. This
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
high radioxenon background is blurring and limiting the detection capability, for CTBT related events, of the
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
noble gas component of the IMS. It is thus crucial to understand the radioxenon background observed by each
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
system as to allow a better discrimination between potentially CTBT related detections and the detections from
This work was supported by RFBR N 18-55-05002
the civilian background. In this study, the radioxenon background detections at CAX17 are used as a benchmark
case to test different alternative approaches to the current use of the operational SRS fields provided by the IDC.
These approaches are then applied to specific IMS systems where the radioxenon background sources are not
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
well known.
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Cosmogenic
radionuclides
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
Both radioargon isotopes 37Ar and 39Ar could be useful signatures for an underground nuclear explosion
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
(UNE). Therefore, an On-Site Inspection team will sample and analyse soil gas to verify compliance with the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Comprehensive Nuclear-Test-Ban Treaty once it has entered into force. This report studies the potential
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
interferences of a civilian facility on both radioargon isotopes by calculating the annual releases and evolution of
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
the isotopic ratio at a research reactor. It is also focusing on the time variation of the stack emissions and isotopic
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
ratios. Prior to release, the hot water layer system and mechanisms of diffusion are affecting the radioargon
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
ratios. Analysis of the 37Ar to 39Ar found that similarly to an UNE the ratio is mainly a function of both halfforecast.
life ratios. 39Ar stack releases are very low compared to other argon isotopes. Therefore, the impact on the
background is believed to be limited to the vicinity of the nuclear facility. On the other hand, considering that the
first nuclear test took place in 1945, 39Ar due to its long half-life can be utilised as a signature for legacy test
Detection Efficiency of the IMS for Bolides
sites. T1.1-O5
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

T2.4-P39 Magmas in Nuclear Cavities and Their Potential Effects on the Source Term
Contact: pbrown@uwo.ca
and Its Migration
In this study
we examined 344
bolides 3 (airbursts) 3reported on the JPL CNEOS website
2
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, D. Neuville
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
and attempt to correlate these with infrasound
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detections.
We found 206 of these bolides were detectable byalternatives
at least one(CEA),
infrasound
station while only 42 were
2
Lawrence
Livermore
National
Laboratory,
Livermore,
CA,
USA
automatically
registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
3
Institut de Physique du Globe de Paris, France
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches
20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
Contact: eric.pili@cea.fr
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
Underground
nuclear
lead tosite
thesince
formation
of cavities
partly filled
with magmaHowever,
contributed
theis only
kT reported
on explosions
the JPL fireball
2007 have
been detected
infrasonically.
the by
REB
surrounding
volatilized
rocks
during
cooling.
The
distribution
of
magma
inside
a
given
cavity
depends
on
its with
complete above 15 kT with the automated detection system not having reported at least four airbursts
viscosity, on the relative density of the rocks incorporated from the rubble zone and on the thermal evolution of
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thethecavity.
Bubbles
and we
foam
candeveloped
form, creating
pumice-like
melt understructure
certain circumstances.
The
of
available
literature
have
3D realistic
models zones
of the of
underground
after an UNE. The
potential
interactions
of
the
fission
products
with
the
magma,
their
trapping
in
bubbles
and
their
transport
most general model consists of cavity, chimney
apical void, crushed zone, fractured zone, environment and
through
a complex
matrix extensive
made of blocks
of rocks
surrounded
in wave
part by
some
are
free
surface.
We performed
numerical
modeling
of seismic
fields
duebubble-bearing
to plane-wavemagma
excitation
evaluated hereregional
in orderand
to determine
whethernear
this is
likely
to diminish the
activity(representing
or modify theaftershocks)
source termand
and
(representing
distant events),
point
double-couple
sources
the fraction
of itnoise.
that isWe
eventually
released to the atmosphere.
seismic
ambient
then comprehensively
analyzed the simulated wave fields in the time, frequency and
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity
presenceMeasurement
due to strong effects
of a radiation
pattern.
Analysis of
noise makes it possible to
T2.4-P40
of Radioargon
and
Radioxenon
inseismic
Soil Gas
identify cavity at least for relatively shallow cavities.
J. Kastlander1, M. Aldener1, A. Axelsson1, T. Fritioff1, C. Söderström1, A. Ringbom1,
R. Purtschert2
1
Swedish Defence Research Agency (FOI), Stockholm, Sweden
T2.1-O4 Seismic
Full Moment Tensor Analysis of Nuclear Explosions in North Korea
2
University of Bern, Switzerland
1
C.
Alvizurijohan.kastlander@foi.se
, C. Tape2
Contact:
1
University of Lausanne, Switzerland
2
The most important
indicators
for aFairbanks,
UNE during
OSI are the radioactive xenon isotopes Xe-131m, Xe-133
University
of Alaska
AK,an
USA
and Xe-133m and the radioactive argon isotope Ar-37. In the assessment of a detection of these nuclides it is
Contact: celso.alvizuri@unil.ch
important to have knowledge about the levels that can be expected due to the natural background. Therefore, it is
interesting
measure
background
levels
radioxenon for
andseven
radioargon
soil
gas,Korea
alongnuclear
with other
We
estimate to
seismic
full the
moment
tensors and
theirofuncertainties
events atinthe
North
test
components
(i.e.
CO2, O2).
Thetests
relationship
these constituents
are collapse,
also of interest.
Sub soil
site,
consisting
of radon,
six declared
nuclear
and one between
event, interpreted
as a cavity
that occurred
8
samplingafter
has the
been
carried test.
out in
region
of Kvarntorp
(Sweden),
a location
with known
uranium
minutes
declared
Wethealso
analyze
two earthquake
events
that occurred
to the elevated
south and
were
content inbythe
Almost
40 samples
been ataken
tenover
different
sites. The preliminary
results
from
recorded
theground.
same set
of stations.
We has
perform
grid from
search
the six-dimensional
space of
moment
analyzing
these
will
be
presented.
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
of the variation in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
source
type, and
a confidence
curve Production
for the probability
that the true moment
within the neighborhood
T2.4-P41
Medical
Isotope
in Argentina:
Status tensor
of thelies
Construction
of
of the best-fitting
moment
tensor.
We
find
that
the
moment
tensor
source
types
are
clearly
separated for the six
Ra-10 Research Reactor
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events can be represented
as a sum of a double couple and a crack tensor whose plane is near horizontal.
E.E. Quintana
Autoridad Regulatoria Nuclear (ARN), Buenos Aires, Argentina

T2.1-O5

Contact: eded.quintana@gmail.com;equintana@arn.gob.ar

Seismic Spectral Ratios Between North Korean Nuclear Tests: Implications
The RA-10 Multipurpose
Argentine Sources
Nuclear Reactor Project is located at the Ezeiza Atomic Center, near Buenos
for Their Seismic

Aires city. The construction license for this facility has been granted by ARN in 2014 and the building has
started in 2016.
P. This
Jin modern reactor is conceived as a multipurpose facility suitable for radioisotopes production,
materials andNorthwest
fuel irradiation
neutron Technology,
techniques applications.
planned expansion of radioisotopes
Instituteand
of Nuclear
Xi'an, Shanxi,The
China
production will put the National Atomic Energy Commission in the ranking of large-scale producers in the
Contact: jinping@nint.ac.cn
global market. Neutron techniques will allow the developing of fuel elements for research reactors and
biotechnology
radiopharmacy
amongKorean
others. nuclear
Argentina
the OPAL
which
follows
the
Seismic
spectraland
ratios
between thestudies
2017 North
testleads
(NKT2017)
andProject,
four other
Korean
tests
technological
evolution
of
research
reactors
for
the
production
of
radioisotopes,
like
the
one
that
was
built
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016in
2007 in Australia.
The RA-10 isAll
a 30
power teleseismic
reactor. TheP-wave
reactor design
open pool
typea and
fuel notch
elements
(NKT2016S)
are investigated.
theMW
observed
spectralisratios
exhibit
unique
at
with low enrichment
low-enriched
uranium.
initialP-operation
license
is planned
the second the
halfnetworkof 2020.
approximately
2.5Hz that
is not observed
for The
regional
and Lg-wave
spectral
ratios.forMeanwhile,
To calculate
the radionuclide
discharges,
uses
optimized
discharge
values
the philosophy
of
averaged
Lg-wave
spectral ratio
is similarthe
to ARN
that of
regional
P-wave,
but with
thefollowing
source corner
frequencies
"as low as reasonably
achievable
concept".
Theobserved
producernotch
has the
responsibility
for evaluating
the necessary
significantly
reduced. We
demonstrated
that the
of teleseismic
P-wave
spectral ratios
may be
improvement
in engineering
minimize
well
modeled by
interference to
between
pP-them.
and P-wave, while regional P-wave spectral ratios may be well fitted
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related
models Model-Based
give a yield estimation
about 100-300kt
for NKT2017,
3-7kt for NKT2019,
6-15kt for NKT2013
T2.4-P42
Assessment
of Radionuclide
Migration
in the Geosphere
by
and NKT2016JUsing
and 10-25kt
for
NKT2016S,
while
yield
sizes
obtained
by
model
DJ91
are
much
smaller.
Different Type of Data - Northern Bulgaria Case Study
D. Antonov
Geological Institute "Strashimir Dimitrov", Sofia, Bulgaria
Contact: dimia@geology.bas.bg;dim_antonov@yahoo.com
Modeling of radionuclide transport is concerned as a key issue of the evaluation of environmental and people
safety in connection with eventual release of radionuclides into the geosphere. The classical assessment of the
transport is based on convection-diffusion equation (CDE), which terms describe mathematically the infiltration
and solute transport into the soils. In the most cases considering variably saturated medium, the infiltration rate is
the leading force of the radionuclides movement. There are different methods of estimation of the infiltration
rate, e.g. by direct measurements with lyzimeters, by expert`s decision based on the annual precipitation or by
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water-balanced
The aim of the
study is to represent
for assessment
of vertical
migration of
T1.1-O3models.
Atmospheric
Boundary
Layer asanaapproach
Laboratory
for Modeling
Infrasound
key radionuclides from the soil surface subject to differently determined infiltration rates, i.e. by expert`s choice
Propagation and Scattering in the Atmosphere
over literature data, and by in situ measurements of meteorological data (water balance approach) both for the
1
1
1
2 are analyzed 2
case of Northern Bulgaria
including 1the
of Kozloduy
NPP. The
from
simulations
I. Chunchuzov
, S.vicinity
Kulichkov
, V. Perepelkin
, O.results
Popov
, A.the
Vardanyan
, G. Ayvazyan
from the viewpoint 1ofA.M.
the Obukhov
radionuclide
flux
extend
in
the
soil
and
respectfully
from
the
environmental
Institute of Atmospheric Physics, Russian Academy of Science, Moscow, and
Russian
human risk prediction.Federation
2
Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com

T2.4-P43 Nb-95 and Zr-95 Background from IMS Particles Stations
The experimental1 results of studying
the effect of a fine-scale layered structure of a stably stratified atmospheric
2
A.layer
Boro(ABL)
, K. Yamba
boundary
on
fluctuations
of the parameters of acoustic pulses generated with a certain period (1
1
Université
Abidjan,
Côteare
d'Ivoire
min) by2an
artificialPHB,
detonation
source
presented. The vertical profiles of wind velocity fluctuations in the
Centre
National
de
la
Recherche
Scientifique
Technologique
(DE/IRSAT/CNRST),
thin layers of the ABL have been retrieved
using the et
wave
forms and travel
times of the recorded arrivals of
Ouagadougou,
Burkina
Faso
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
Contact:
abdallahboro@gmail.com
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
This work
ondimensionless
detections of Nb-95
andof
Zr-95
from particles
stations of International
Monitoring
Stations
here focuses
place the
thickness
the reflecting
nonhomogeneous
layers, which
is the vertical
scale of
IMS. These
two multiplied
isotopes arebypart
relevantdifference
radionuclides
of CTBT sound
and arevelocity
sometimes
The by
mapping
the layer
theofrelative
in effective
and detected.
normalized
the vertical
of thiswavelength.
background The
and effect
the analysis
their time series on
level
a helpfulfluctuations
tool that can
to characterize
of suchofinhomogeneities
theistemporal
ofbe
theused
azimuth
and arrivalthe
times of
activitythebackground
of both parent-daughter
radionuclides
the world. of pulsed sources is given. Acknowledgement:
signals is studied.
The estimation of
the error ininlocalization
This work was supported by RFBR N 18-55-05002

T2.4-P44 Noble Gas Signature Adsorption in a UNE – Bridging the Gap Between
T1.1-O4
Climateand
Change
the Eyes of Radioisotopes
Laboratory
FieldThrough
Scale Models
2
3
L. Terzi
, M. Kalinowski
, G. Wotawa
, B.
P. Milbrath
Saey4, M. Schoeppner5, I. T. Hoffman6
J. Lowrey,
C. 1Johnson,
M. Rockhold,
J. Fast,
1
Nuclear
Research
CenterRichland,
(SCK•CEN),
Pacific Belgian
Northwest
National
Laboratory,
WA, Mol,
USA Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
Contact:
justin.lowrey@pnnl.gov
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut,
Austria
In an effort to better understand
the processesVienna,
that impact
noble gas transport in the subsurface, the Underground
5
University
of Natural(UNESE)
Resources
and Applied
Life Sciences
(BOKU),inVienna,
Austriasuch as
Nuclear Explosion Signatures
Experiment
conducted
multiple
field campaigns
which tracers
6
Health Canada,
Radiation
Protection
Bureau, Ottawa,
ON, Canada
Xe-127, Ar-37 and chemical
surrogates
were released
underground
and monitored
as they migrated toward the
surface. A significantContact:
result was
that the tracers reached sampling locations with different dilutions, indicating
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
that these "largely non-interacting" gases were being differentially influenced by the environment. These results
Cosmogenic
radionuclides
beryllium-7
and sodium-22
atmospheric
and can be used
together
have spurred
a number
of laboratory
scale experiment
effortsaretoknown
improve
models oftracers
how UNE-relevant
noble
to effectively
trace
verticalmaterial
air masses
based
on surface
measurements.
This technique
gases in
anda lock-in
commontechnique
surrogates
interact with
geologic
under
variable
conditions.
This presentation
to studythe
progression
andmodels
speed of
atmospheric
cells.
Data
show that
the cells
are decelerating
during the
focusesallows
on bridging
gap between
based
on small-,
even
pore-scale
transport
physics
and field-scale
summersignature
period which
is extending
time. This islaboratory
caused byexperiments
warming of demonstrating
the whole troposphere
and increased
radionuclide
migration
models.inSpecifically,
the capacity
of
tropopause
height due
to rising
episodes
of persistent
systems over
volcanic
tuff to variably
adsorb
xenonCO2
and concentrations.
argon gas versusAestival
chemical
surrogates
are used high-pressure
to inform field-scale
with lowdepict
pressure
thateffects
led to can
almost
stationary
thunderstormssignature
are correlated
with theover
observed
modelsEurope
and ultimately
howgradients
even small
result
in large radionuclide
discrepancies
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
large distances.
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T2.4-P45 Plants as Indicators of Radioactive Contamination at Nuclear Test Sites
N. Larionova,
O. Lyakhova,
Dmitropavlenko,
A. Aidarkhanov
T1.1-O5
Detection
EfficiencyV.of
the IMS for Bolides

Institute of Radiation Safety and Ecology, National Nuclear Center, Kurchatov, Kazakhstan
P. Brown, N. Gi
Contact:
larionova@nnc.kz
University of Western Ontario, London, ON, Canada
In some cases, afterContact:
conducting
a nuclear test can be carried out the necessary measures to eliminate surface
pbrown@uwo.ca
contamination due to which radionuclides will be buried under the bulk of anthropogenic soil. In this situation,
In this methods
study used
we toexamined
344 ofbolides
(airbursts)
reported
the JPL Additionally,
CNEOS website
the traditional
obtain evidence
the fact of
nuclear testing
wouldon
be inadequate.
between
andcanattempt
to correlate
with infrasound
due to(https://cneos.jpl.nasa.gov/fireballs/)
the natural migration of radionuclides
with2007-2018
groundwater
be increased
area ofthese
contamination.
detections.
We found
206 of theseofbolides
were layers
detectable
by and
at least
one infrasound
station
while
only
42 were
Indicators
of radioactive
contamination
the buried
of soil
groundwater
can serve
plants
with
deep
automatically
as part radionuclides.
of the Reviewed
Bulletin
issuedofdaily
by CTBTO.
However,
penetrating
roots thatregistered
can accumulate
TheEvent
authors
present(REB)
the results
research
conducted
at the this
global REB
of of
~10%
averaged
from 2007-2018
is less
thanThe
the specific
"modern"
rate (from
2014-2018)
Semipalatinsk
test detection
site in therate
area
tunnels
for underground
nuclear
testing.
activity
of Cs-137
approaches
20%.
Above
thein1 some
kT CTBTO
designthan
threshold,
we findlayer
that 40%
of(≈100
airbursts
are reported
in
(≈1000which
Bq/kg)
in plants of
about
tunnels
cases higher
in the surface
of soil
Bq/kg).
The
the REB,
while
more (350
than Bq/kg),
90% arePu-239+240
detectable at(13
oneBq/kg),
or more
infrasound
stations.
airbursts
with
energy
maximum
content
of Sr-90
Cs-137
(6,7 Bq/kg)
in All
plants
is higher
than
in > 2
kT reported
theBq/kg),
JPL fireball
site since
2007Bq/kg),
have been
detected
thethat
REB
groundwater
–Sr-90on(14
Pu-239+240
(0,002
Cs-137
(<0,03infrasonically.
Bq/kg). Thus,However,
it is shown
theis only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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plants
in this case
are indicators
contamination
of the buried
soil and groundwater
and can
be used
to
of
the available
literature
we haveofdeveloped
3D realistic
modelslayers
of theofunderground
structure after
an UNE.
The
identify
the
locations
of
nuclear
tests.
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic
ambient
noise. Weover
then comprehensively
the simulated
wave fields
in the time,and
frequency and
T2.4-P46
Progress
2014 Baseline analyzed
on the Match
Between
Observations
time-frequencySimulations
domains. In a of
seismic
wave
field
due
to
a
distant
source
it
was
possible
to
identify
and locate
Radioxenon Concentrations at IMS Stations
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presenceA.due
to strong
of a radiation
pattern. Analysis of
noise makes it possible to
Gheddou,
M. effects
Kalinowski,
J. Kusmierczyk-Michulec,
P. seismic
Bourgouin
identify cavity CTBTO
at least for
relatively Commission,
shallow cavities.
Preparatory
Vienna, Austria
Contact: abdelhakim.gheddou@ctbto.org
Normal operational
releases
radioxenon
make the
discrimination
between
radioxenon in
detections
civil
T2.1-O4
Seismic
Full of
Moment
Tensor
Analysis
of Nuclear
Explosions
North from
Korea

nuclear applications and from nuclear testing a very complex task. The objective on the short to medium term is
1
2
C. Alvizuri
C. Tape
to develop algorithms
and ,tools
that facilitate the understanding of the background. The longer-term vision is to
1
University
Lausanne, Switzerland
eventually develop
robust of
methodologies
for determining to what extent radioxenon detections at International
2
University
of
Alaskacan
Fairbanks,
AK, USA
Monitoring System (IMS) stations
be explained
based on the impact of civil sources. The 2014 baseline is
updated in two
ways.
On
one
hand,
the
radioxenon
emission inventory has been updated. On the other hand,
Contact: celso.alvizuri@unil.ch
observed radioxenon activity concentrations at the IMS noble gas sites have been further reviewed. The update
We
estimate
seismic
full moment
and their
uncertainties
for seven
at the North
nuclear
test
involves
offline
reprocessing
oftensors
the spectral
data
using a new
NCCevents
configuration.
TheKorea
potential
xenon
site,
consisting
of civil
six declared
nuclear
tests and
onetheevent,
as a cavity
collapse,
that occurred
8
contribution
from
sources was
estimated
using
outputinterpreted
of Atmospheric
Transport
Modelling
(ATM) so
minutes
after the declared test. We(SRS)
also analyze
two earthquake
that occurred
the south
were
called source-receptor-sensitivity
fields. The
presentationevents
compiles
achieved toresults
for and
simulated
recorded
by the
same set
stations. Weat perform
a gridThe
search
over analysis
the six-dimensional
of moment
concentration
estimates
andofobservations
IMS stations.
statistical
of simulatedspace
vs. observed
data
tensors,
generating
synthetic
waveforms
at each moment
point and
then evaluating
is repeated
and compared
with
the 2014 baseline
that was tensor
set in agrid
previously
published
study. a misfit function
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
of the variation in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
source
type, and
a confidence curve
for the probability
the true moment
tensor Samples
lies within in
theGuangzhou
neighborhood
T2.4-P48
Radioactivity
Characteristics
of that
Atmospheric
Aerosol
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared nuclear
events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
W.test
Chen
events can be represented
sum of aand
double
couple and
crack tensorProvince,
whose plane
is near horizontal.
DepartmentasofaEcology
Environment
in aGuangdong
Guangzhou,
China
Contact: chen.wanliang@qq.com;thomas_chenwl@163.com
Aerosol radioactivity
plays
an important
roleNorth
in environmental
radiation monitoring.
The set up of
T2.1-O5
Seismicanalysis
Spectral
Ratios
Between
Korean Nuclear
Tests: Implications
CNP22 in Guangzhou,
China
allows
station
operators
to
log
in
a
continuous
radioactivity
data and find
for Their Seismic Sources
radioactivity characteristics. The concentrations of Pb-210 and Be-7 give seasonal variation and show a
maximum in winter
P. Jin times. A relationship between Pb-210, Be-7 and PM10, PM2.5 were analyzed.
Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China
Contact: jinping@nint.ac.cn

T2.4-P49 Radionuclides Monitoring Along the Brazilian Coast

Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
Da Costa
Fernandes
conducted in F.2009
(NKT2009),
2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
Navy
Technology
Center
Rio de Janeiro,
Brazil
(NKT2016S) are investigated. All
the in
observed
teleseismic
P-wave spectral ratios exhibit a unique notch at
approximately Contact:
2.5Hz thatflaviocofe@yahoo.com;Flavio.fernandes@marinha.mil.br
is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly
demonstrated
that the observed
notch
of teleseismic
P-wave
ratios may
The Brazilianreduced.
Navy isWe
monitoring
the concentration
of the
radionuclides
Cesium
137spectral
and Strontium
90 be
in
well
modeled
by interference
and P-wave,
while
regional
P-wave spectral
ratios
may beCoast
well fitted
samples
of water,
sediment, between
fish, andpPmussels
from the
marine
environment
along the
Brazilian
since
with
spectral
ratios
predicated
by classical
explosion source
including
DJ91 andincrease
their two
1996.source
The aim
of this
work
is to establish
the background
of thesemodels
radionuclides
toMM71,
assess possible
of
hybrids.
Results
indicatewith
that nuclear
for NKT2017’s
buried
depth
in the
rangeorofother
600-1100m,
theresults
MM71the values
due to obtained
human activities
test, nuclear
power
station
accident
event. The
are
related
models
give a at
yield
aboutMoreira
100-300kt
for NKT2017,
for NKT2019,
6-15kt
stored in
a database
the estimation
Admiral Paulo
Marine
Research 3-7kt
Institute.
Twenty three
sitesfor
areNKT2013
annually
and
NKT2016J
and 10-25kt
for NKT2016S,
while
obtained
by model DJ91
monitored,
between
the latitudes
of 0º 36’ 49"S
andyield
32º sizes
02’ 06"S
and longitudes
of 34ºare
50’much
0" Wsmaller.
and 52º 05’ 55"
W. The highest values of Cesium 137 measured were 4.1 Bq.m-3 in seawater at Atafona, in 2001; 4.14 Bq.kg-1
in the sediment at Santos, in 1998; 1.72 Bq.kg-1 in fish at Macae, in 2000; and 1.75 Bq.kg-1.in mussels at Angra
dos Reis, in 2000. The highest values of Strontium 90 measured were 0.23 Bq.kg-1 in fish at Santos, in 2000 and
0.175 Bq.kg-1 in mussels at Vitoria, in 2006. The only source known of these radionuclides is probably from the
nuclear atmospheric tests made before the end of the II World War.
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Spent Nuclear Fuel at BN-350 Reactor
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Contact: Timonova@nnc.kz
Contact: igor.chunchuzov@gmail.com
A comprehensive radiation assessment and possible long-term predictive estimates of the radiation situation at
experimental
results
of studying
the of
effect
of a fine-scale
layered structure
a stably
stratified
atmospheric
places The
of long-term
storage
require
oversight
radioactive
gas emanation.
For thisofreason
it is
necessary
to
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
(1
develop and implement respective recommendations for research and future oversight of the content period
of
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
in
the
radioactive gases in air of SNF storage areas. Experimental research was undertaken to fulfill the task that was
thin IVG.1.M
layers ofphysical
the ABLstart-ups.
have been
usingfrom
the the
wave
formsofand
travelventilation
times of the
recorded
of
set during
Airretrieved
was sampled
conduit
reactor
system
using arrivals
two
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
ABL
is
devices: 'Purga' - a cryogenic device and 'OS1700' - a tritium manifold. Air sampled collected by 'Purga' was
similar
to
the
mechanism
of
scattering
of
signals
from
ground
surface
explosions
by
layered
nonhomogeneities
measured with a gamma-spectrometer. Air samples collected with the tritium manifold were analyzed with a
of wind velocity
and temperature
the stratosphere
andthe
lower
thermosphere.
role41Ar
of similarity
parameter
beta-spectrometer.
Experimental
studies in
conducted
registered
major
radioactive The
gases:
30 to 4,500
place
dimensionless
thickness
of the
reflecting
nonhomogeneous
layers, up
which
is the
vertical
scale of
Bq/m3,here
85Kr
up tothe280
Bq/m3, - 87Kr
up to 720
Bq/m3,
88Kr up
to 840 Bq/m3, 135Xe
to 140
Bq/m3,
НТО
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
up to 20 Bq/m3 and Тgas up to 3 Bq/m3. Experimental studies undertaken have shown applicability in principlevertical
effect of
such inhomogeneities
the temporal
azimuth
arrival
times of
to use wavelength.
sampling andThe
analytical
equipment
for assessing on
radioactive
gasesfluctuations
emanated inofathe
SNF
storageand
area
at BNthe
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
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T2.4-P51 Risk Estimates Migration of Radionuclides After Flooded Klivazh Facility
T1.1-O4 Climate Change Through the Eyes of Radioisotopes

S. Chumachenko,
Y. Jakovliev,2 B. Zlobenko 3
L. Academy
Terzi1, M.ofKalinowski
, G. Wotawa
P. Saey4, M. Schoeppner5, I. T. Hoffman6
National
Sciences of Ukraine,
Kiev,, Ukraine
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Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
Contact:
ieg.nasu@gmail.com
CTBTO
Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
In September 1979 industrial
underground nuclear explosion rocked Ukraine, in the frame program #7 "Nuclear
4
TU Wien Atominstitut, Vienna, Austria
Explosions for the National
Economy".
The nuclear experiment was conducted in the suburb of the Yenakiyeve
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
town, the "Yunyi Kommunar
(Yunkom)"
coal mine. The nuclear explosion formed a vitrified glass-ceramic melt
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
chamber containing about 95% of the radioactivity of the explosion to assure that would be insoluble in water.
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Due to the lack of official
information
on the state of the environment all available sources were analyzed. With
the coal production shut down the mine’s pumps continued to pump shaft waters out for more than a decade to
sodium-22
arepresentation
known atmospheric
tracers
and caninformation
be used together
preventCosmogenic
flooding of radionuclides
the "Klivazh" beryllium-7
facility. Theand
main
goal of the
is to provide
objective
in
a
lock-in
technique
to
effectively
trace
vertical
air
masses
based
on
surface
measurements.
This technique
regarding uncontrolled leakage of contaminated water from flooded mines. A significant uncertainty associated
allows
to study
progression and
speed
of "Klivazh
atmospheric
cells. dictates
Data show
thattothevalidate
cells are
decelerating
with the
present
mining-geological
state
of the
facility"
a need
assessments
of during
the the
summer
period which
is extending
time. This is
caused by warming
of the whole
troposphere
and increased
geological
environment’s
protective
ability.inPreliminary
recommendations
environmental
monitoring
to reducing
tropopause
height
due to of
rising
CO2 concentrations.
Aestival
episodes
of persistent
systems
risk associated
with
migration
radionuclides
after flooded
"Klivazh"
facility
have beenhigh-pressure
primarily made
as over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
conservative assessments.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T2.4-P52 Statistical Study of the Atmospheric Background and Anomalous Values of
the Radioxenon Activity Concentrations at Some IMS Stations
1
2
2
T1.1-O5
Detection
Efficiency
the IMS3, for
Bolides
S. Guernelli
, G. Ottaviano
, M.ofScagliarini
A. Rizzo
, F. Padoani2, M. Kalinowski4
1

University of Bologna, Italy
P. Brown, N. Gi
, Italian National Agency for New Technologies, Energy and Sustainable Economic Development
University of Western Ontario, London, ON, Canada
(ENEA), Bologna Research Centre, Bologna, Italy
3
Contact:
Department
of pbrown@uwo.ca
Statistical Sciences, University of Bologna, Italy
4
CTBTO Preparatory Commission, Vienna, Austria
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
Contact: sofia.guernelli@studio.unibo.it;sofiaguernelli@libero.it
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
The main goal is to perform a detailed statistical analysis of the atmospheric background and of the "Abnormal
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Concentrations" of radioxenon, measured at some IMS stations. For each IMS station considered, a descriptive
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
statistical analysis of the empirical distribution was performed and two types of "Statistical Process Control
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
Charts" were applied to the measured values. The Shewhart "Control Chart for Individual Measurements",
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
sensitive to large variations and the "Exponentially Weighted Moving Average (EWMA) Control Chart",
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
sensitive to small variations, were used to analyze the overall chronology of the observations and to identify and
complete above 15 kT with the automated detection system not having reported at least four airbursts with
study those values that significantly deviate from the average value. The "Control Charts" method were then
2
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of
the available
we have developed
3D realistic
models
structure
after
UNE.
The
compared
with literature
the "Inter-Quartile
Range" method
currently
usedofbythetheunderground
IDC. The results
show
thatanthe
"Control
most
general
model
consists
of
cavity,
chimney
with
apical
void,
crushed
zone,
fractured
zone,
environment
andin
Chart for Individual Measurements" is particularly meaningful for the periodic monitoring of IMS stations
free
surface.
We
performed
extensive
numerical
modeling
of
seismic
wave
fields
due
to
plane-wave
excitation
order to identify large variations of radio-xenon activity concentrations, while the "EWMA Control Chart" is
(representing
andstudies
distantonevents),
near point
double-couple
sources
(representing
aftershocks)
and
more suitableregional
for specific
the atmospheric
background
and on
the "anomalies"
of radioxenon
activity
seismic
ambient
noise.
We
then
comprehensively
analyzed
the
simulated
wave
fields
in
the
time,
frequency
and
concentrations. The use of "Control Charts" method as a possible complement to the "Inter-Quartile Range"
time-frequency
domains.
In
a
seismic
wave
field
due
to
a
distant
source
it
was
possible
to
identify
and
locate
method, could be further investigated.
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at least for relatively shallow cavities.

T2.4-P53 Tajikistan and CTBTO

T2.1-O4

M.U. Mirsaidovich

Seismic
FullRadiation
Moment
Tensor
Analysis
ofTajikistan
Nuclear Explosions in North Korea
Nuclear and
Safety
Agency,
Dushanbe,

1
Contact:
C.
Alvizuriinfo@nrsa.tj;ulmas2005@mail.ru
, C. Tape2
University of Lausanne, Switzerland
On October 7,2 1996 Tajikistan signed the "Comprehensive Nuclear-Test-Ban Treaty (СТВТ)" and on December
University of Alaska Fairbanks, AK, USA
2, 1998 the mentioned treaty was ratified. Tajikistan has borders with China, Pakistan and India, where nuclear
Contact:conducted.
celso.alvizuri@unil.ch
tests were previously
Taking into account the proximity of these countries, some work is being done
in Tajikistan to continuously improving monitoring in various zones of the country. In addition, Tajikistan
We
estimateand
seismic
and their
uncertainties
forinseven
events
at the
North Korea
supported
signedfull
themoment
"Treatytensors
on Nuclear
Weapon
Free Zone
Central
Asia".
Tajikistan
standsnuclear
for thattest
all
site,
consisting
of
six
declared
nuclear
tests
and
one
event,
interpreted
as
a
cavity
collapse,
that
occurred
8
countries ratify the СТВТ. The completion of ratification procedure of this important document gives new
minutes
after
the
declared
test.
We
also
analyze
two
earthquake
events
that
occurred
to
the
south
and
were
impulse for the complete prohibition of nuclear tests in the world. Tajikistan has a number of stations in the
recorded
the sameofset
of stations.
We perform
a grid
search overInthe
six-dimensional
space ofofmoment
system ofbyAcademy
Sciences
for detecting
airborne
radionuclides.
addition,
there is a network
seismic
tensors,
generating
synthetic
waveforms
at
each
moment
tensor
grid
point
and
then
evaluating
a misfit
stations, some of which are equipped with equipment for radionuclides detection. These stations
are infunction
the high
between
thegorges
observed
syntheticfind
waveforms.
For each
moment tensor
characterize
its uncertainty
in terms
mountain
of and
Tajikistan,
out places
of abnormally
highwelevels
of deposition
of technogenic
of
the
variation
in
waveform
misfit
on
the
eigenvalue
lune,
a
probability
density
function
for
moment
tensor
radionuclide cesium-137 and its subsequent migration to edible wild plants. The dependence of deposition
source
type,
and
a
confidence
curve
for
the
probability
that
the
true
moment
tensor
lies
within
the
neighborhood
process of radionuclides from composition of brought aerosols on geological features and isolation of mountain
of
the best-fitting
moment tensor. We find that the moment tensor source types are clearly separated for the six
gorge
has been shown.
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
1

T2.4-P54 The Characteristic Release of Noble Gases from an Underground Nuclear
Explosion
T2.1-O5 Seismic
Spectral Ratios Between North Korean Nuclear Tests: Implications
for
Their Seismic
C. Carrigan,
Y. Sun,Sources
M. Simpson

Lawrence Livermore National Laboratory, Livermore, CA, USA
P. Jin
Contact: carrigan1@LLNL.gov
Northwest
Institute of Nuclear Technology, Xi'an, Shanxi, China
Contact:
Releases of noble
gasesjinping@nint.ac.cn
at the ground surface resulting from explosively propagated vents or large operational
releases have typically been considered to be the only modes of transport from an underground nuclear explosion
Seismic
spectralareratios
between
the 2017detectable
North Korean
test (NKT2017)
and four
other Korean
tests
(UNE) which
capable
of producing
levelsnuclear
of radioxenon
in atmospheric
sampling
at significant
conducted
in
2009
(NKT2009),
2013
(NKT2013),
January,
2016
(NKT2016J)
and
September,
2016
standoff distances. For thermally and barometrically driven post-detonation transport across the broad surface of
(NKT2016S)
are investigated.
All that
the even
observed
P-wave
spectral
ratiosprompt
exhibitvents
a unique
notch at
a simulated UNE
site, we show
deep,teleseismic
well-contained
UNEs,
without
or operational
approximately
2.5Hz that detectable
is not observed
for tens
regional
P- and Lg-wave
spectral
ratios.
Meanwhile,
the networkreleases, are potentially
at least
of kilometers
downwind
with
current
technology.
From our
averaged
Lg-wave
spectral
ratio is similar
to that
of regional
P-wave,exhibit
but with
the sourcedependence
corner frequencies
simulations,
we find
that broad-area
surface
fluxes
of radioxenon
exponential
on bulk
significantly
reduced.
We
demonstrated
that
the
observed
notch
of
teleseismic
P-wave
spectral
may be
permeability resulting in order-of-magnitude enhancements of surface flux for small increases inratios
permeability.
well
modeled
by interference
betweendepth-to-yield
pP- and P-wave,
while regional
P-wave
spectral
ratiosatmospheric
may be wellsignals
fitted
UNEs
characterized
by a canonical
relationship
generally
resulted
in larger
with
source
spectral
ratios
predicated
by
classical
explosion
source
models
including
MM71,
DJ91
and
their
for shallower, lower-yield explosions allowing downwind detection at distances greater than 1000 two
km.
hybrids.
Resultssimulations
obtained indicate
NKT2017’ssampling
buried depth
in theproduces
range ofdetections
600-1100m,
Additionally,
suggest that
thatforatmospheric
at night
at the
the MM71greatest
related
models
give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
distances
downwind.
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.

T2.4-P55 The Rapid Radionuclide Isotopic Ratio Determination Technique to Assess
Nuclear Event Debris
D. Baltrūnas, A. Puzas, M. Konstantinova, A. Gudelis, R. Gvozdaitė, J. Šapolaitė,
R. Druteikienė, V. Juzikienė, V. Remeikis
Center for Physical Sciences and Technology, Vilnius, Lithuania
Contact: Andrius.Puzas@ftmc.lt
Radionuclide detection is a further step to complement any abnormal event data recorded by seismic, hydro
acoustic and infrasound station network prior asking for the approval of the On-Site Inspection (OSI).
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T1.1-O3can Atmospheric
Boundary
as aforLaboratory
Modeling
Infrasound
Radionuclides
travel away from
a source Layer
of event
thousands offor
kilometres
under
favourable
meteorological conditions
and still can
beScattering
detected. In this
work
a rapid comprehensive method that optimises
Propagation
and
in the
Atmosphere
man-work hours, materials and activities
such as a1 rapid radiochemical
radionuclide separation,
gamma- and 2
1
1
2
I. Chunchuzov
, S. Kulichkov
, V. Perepelkin
, O.radionuclide
Popov1, A. Vardanyan
, G.and
Ayvazyan
mass-spectrometry measurement
techniques
combined
together for
determination
source
1
A.M. Obukhov
Institute
of Atmospheric
Physics, were
Russian
Academywith
of Science,
Moscow, Russian
assessment is demonstrated.
Gamma
spectrometric
measurements
performed
the state-of-the-art
Federation
"Ortec" alpha spectrometer
and gamma spectra were recorded by SILENA gamma-spectrometric system with a
2
Barva
Innovation Center,
HPGe coaxial detector. Radionuclide
isotopicTalin,
ratiosArmenia
were measured by a sector field mass spectrometer
combined with a high
sensitivity
APEX sample introduction system. It is demonstrated how an environmental
Contact:
igor.chunchuzov@gmail.com
sample analysis could be performed within 72 hours from arriving to the analytical laboratory. Elevated
The experimental
results of studying
the effectisotopic
of a fine-scale
layeredvalues
structure
of a reveal
stably stratified
137Cs/239,240Pu,
238Pu/239,240Pu,
240Pu/239Pu
"finger print"
reliably
a nuclear atmospheric
event
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a certain
period (1
and assess its source by fusing these values with atmospheric transport modelling. What is more, analysis
of soil
min)
by anclearly
artificial
detonation
areevent
presented.
The vertical
profiles
of wind velocity fluctuations in the
profiles
in depth
distinct
the newsource
nuclear
debris from
the previous
ones.
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
T2.4-P56
Trends in Worldwide Background of CTBT-Relevant Xenon Isotopes Based
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
onthe
IMS
Data
here place
dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layerA.multiplied
by
the
relative difference in effective sound velocity and normalized by the vertical
Gheddou, M. Kalinowski
wavelength.
The
effect
of
such
inhomogeneities
onAustria
the temporal fluctuations of the azimuth and arrival times of
CTBTO Preparatory Commission,
Vienna,
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
Contact:
abdelhakim.gheddou@ctbto.org
This work
was supported
by RFBR N 18-55-05002
The CTBTO operates 25 certified Noble Gas (NG) systems of the International Monitoring System (IMS). The
data is routinely processed in the International Data Centre (IDC) operations. Data from these certified NG
T1.1-O4
Climate
Changeon
Through
the Eyes
of Radioisotopes
systems
are reviewed
by IDC Analysts
a daily basis.
Automated
and reviewed products are generated and
made available to Member 1States via the IDC
and through the Verification Data
2 secure web3 portal (SWP)
4
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
Message System (VDMS).
IDC products include a 3-level based categorization scheme as a first screening layer
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
of CTBT relevant xenon
isotopes. IDC reviewed results over a long term period at various locations further
2
CTBTO Preparatory Commission, Vienna, Austria
contributed to a reliable
characterization for better understanding the worldwide background of xenon isotopes.
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
The presentation aims
4 at compiling results on radio-xenon detections at IMS NG systems, based on all data from
TU Wien Atominstitut, Vienna, Austria
June 2011 to December
2018. Covered aspects include major categories of observed trends in terms of detection
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
frequency and air activity
concentration.
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

T2.4-P57
Validation
Study
of the Flexpart-WRF
Episodes
ofand
Xe-133
Cosmogenic
radionuclides
beryllium-7
and sodium-22 areModel
known with
atmospheric
tracers
can be used together
Releases
and
Detections
in
Europe
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
Schoeppner1, M. Kalinowski2, J. Kusmierczyk-Michulec2, P. Bourgouin2
summer M.
1period which is extending in time. This is caused by warming of the whole troposphere and increased
University
of Natural
and AppliedAestival
Life Sciences
(BOKU),
Vienna,high-pressure
Austria
tropopause
height due
to risingResources
CO2 concentrations.
episodes
of persistent
systems over
2
CTBTO
Preparatory
Commission,
Vienna,
Austria
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration
of atmospheric
cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
Contact:
schoeppner@outlook.com
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
The International
Data Centre (IDC) of the CTBTO is developing the capability to conduct High-Resolution
forecast.
Atmospheric Transport Modelling (HRATM) using the Numerical Weather Prediction model WRF and the
Atmospheric Transport Model (ATM) Flexpart-WRF. The performance of Flexpart-WRF at the IDC is assessed
by using source terms from a medical isotope production facility in Belgium to simulate the resulting
T1.1-O5
Detection
of theDEX33
IMS for
Bolides Seven episodes of elevated Xe-133
concentration
time series
at IMSEfficiency
noble gas station
in Germany.
concentrations at DEX33
were N.
selected;
each episode consists of 6 to 11 subsequent samples with each sample
P. Brown,
Gi
being taken over a 24-hour
period.
For
each
sampleLondon,
a high-resolution
backward simulation was performed with
University of Western Ontario,
ON, Canada
nests of increased resolution around the source and the receptor. The simulated concentrations were produced by
Contact:
HRATM for different
output pbrown@uwo.ca
resolutions (10, 30 and 50 km) and are compared to simulated results by the
conventional Flexpart model as well as verified by the available measurements for DEX33. The comparison
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
includes similar statistical metrics as established during the first ATM challenge in 2016 are applied for the
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
comparison of the model outputs against the measurements.
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
Oral Presentations
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at least for relatively shallow cavities.

T2.5 Historical Data from Nuclear Test Monitoring

T2.5-O1 Digitization and Analysis of Printed Seismograms from Aftershocks of the
NovayaFull
Zemlya
Explosion
Octoberof27,
1973 Explosions in North Korea
T2.1-O4 Seismic
Moment
TensoronAnalysis
Nuclear
1
1
C.Alvizuri
F. Hellesen
L.K.2 Persson1, S. J. Gibbons2
C.
, C. ,Tape
1
1 Swedish Defence Research Agency (FOI), Stockholm, Sweden
University of Lausanne, Switzerland
2
2 Norwegian Seismic Array (NORSAR), Kjeller, Norway
University of Alaska Fairbanks, AK, USA
Contact:
carl.hellesen@foi.se
Contact: celso.alvizuri@unil.ch

In October
a nuclear
explosive
withand
a yield
about 4 megatons
wasevents
detonated
the Novaya
We
estimate1973,
seismic
full moment
tensors
theirof
uncertainties
for seven
at theunderground
North Koreaatnuclear
test
Zemlya
test
site.
The
explosion
was
followed
by
a
series
of
aftershocks,
a
phenomenon
that
had
previously
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred not
8
been observed
at Novaya
very fewtwo
short
period seismic
of these
aftershocks
exist.
At
minutes
after the
declaredZemlya.
test. WeToday,
also analyze
earthquake
eventsrecordings
that occurred
to the
south and
were
the Swedish
Defence
AgencyWe
(FOI),
printed
shortsearch
periodover
seismograms
from the Hagfors
station
have
recorded
by the
same Research
set of stations.
perform
a grid
the six-dimensional
space of
moment
been
preserved,
and
in
this
paper
we
present
the
results
of
scanning
these
seismograms
and
digitizing
the
signal.
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
The digitization
process
as well aswaveforms.
the associated
difficulties
explained
together with
an analysis
of the
between
the observed
and synthetic
For each
momentare
tensor
we characterize
its uncertainty
in terms
of theinseismic
signals
from
a comparison
with the
aftershocks
following
the
ofproperties
the variation
waveform
misfit
onthe
theaftershocks.
eigenvalue Finally,
lune, a probability
density
function
for moment
tensor
nuclear
test
on
Sep
3,
2017
in
North
Korea
is
made.
The
region
of
Novaya
Zemlya
is
a
very
low
seismicity
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
In the ISCmoment
catalogue
between
1960
and
only tensor
57 earthquakes
are are
found.
Theseparated
identification
ofsix
the
ofregion.
the best-fitting
tensor.
We find
that
the2016
moment
source types
clearly
for the
aftershocks
is
quite
easy
in
both
time
and
space.
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.

T2.5-O2 Noble Gases Release After Underground Nuclear Explosions
T2.1-O5 Seismic
Spectral Ratios Between North Korean Nuclear Tests: Implications
Y. Dubasov
for
Their
Seismic
Sources
Khlopin
Radium
Institute,
St Petersburg, Russian Federation
yuri.dubasov@gmail.com
P.Contact:
Jin
Northwest Institute of Nuclear Technology, Xi'an, Shanxi, China
Underground nuclear explosion may be followed by noble gas releases. 493 underground nuclear tests and
jinping@nint.ac.cn
explosions ofContact:
different purposes
and in the different rocks were conducted in the Soviet Union over the period of
1961-1990. A total of 340 underground nuclear tests were conducted at the Semipalatinsk Test Site. 179
Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
explosions (52.6%) among them were classified as these of complete containment, 145 explosions (42.6%) as
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
explosions with weak release of radioactive noble gases (RNG), 12 explosions (3.5%) as explosions with
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
nonstandard radiation situation. Thirty-nine nuclear tests had been conducted at the Novaya Zemlya Test Site;
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networksix of them – in shafts (vertical boreholes) and 33 tests in the horizontal tunnels. In 14 tests (36%) there were no
averaged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
RNG release. Twenty-three tests have been accompanied by RNG release into the atmosphere without residual
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
contamination. Nonstandard radiation situation occurred in two tests. In incomplete containment explosions both
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
early-time RNG release (up to ~1 h) and late-time release from 1 to 28 h after the explosion were observed.
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
Sometimes gas release took place for several days, and it occurred either through tunnel portal or epicentral
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71zone, depending on atmospheric air temperature and pressure. Figures of stemming complexes will presented.
related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.

T2.5-O3

Using Satellite Imagery to Map Russia's Underground Nuclear Test Site on
Novaya Zemlya Y
A. Pellegrino
James Martin Center for Nonproliferation Studies, Monterey, CA, USA
Contact: apellegrino@middlebury.edu;pellegrino.anne@gmail.com

In 1997, the United States accused Russia of conducting a secret nuclear test at its underground test site on
Novaya Zemlya. Despite admitting later that the August 17, 1997, event was an earthquake in the Kara Sea, U.S.
officials maintained that activity observed at the test site prior to the earthquake was similar to activity observed
before previous nuclear tests. The activity the United States observed was actually preparations for a subcritical
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Barva Innovation Center, Talin, Armenia
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by A
anCatalogue
artificial detonation
sourceTest
are presented.
The Recorded
vertical profiles
of wind velocity
fluctuations in the
T2.5-P1
of Nuclear
Explosions
by Slovak
National
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Network
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pulses from
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1
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2
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wavelength.
The effect
of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
An important part of historical seismographic data research is data archiving and digitization. In the second half
This work was supported by RFBR N 18-55-05002
of the 20th century the monitoring of seismic events caused by nuclear explosions was an essential goal of each
seismological service. More than 400 of them were recorded by the Slovak National Network of Seismic
Stations. So far no special catalogue of seismic events caused by nuclear test explosions recorded by Slovak
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2
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Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
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deceleration
of atmospheric
cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
Central Asia is located in a tectonically active and complex region. The area is characterized by high levels of
forecast.
seismicity, and many catastrophic earthquakes have occurred. Central Asia also contains or is within regional
distances of many of the world’s nuclear test sites. Seismic networks in the region were developed during Soviet
times, with each republic operating independent networks with standardized processing and analysis. The current
T1.1-O5
Detection
Efficiency
of the
Bolides
distribution
of seismic
networks generally
remains
the IMS
same, for
though
networks are now national and operated by
independent countries. From Soviet times until today, most bulletin and event data were not fully exchanged
P. Brown,
N.The
Gi fact that only subsets of event data were routinely exchanged and used has
between Central Asian
networks.
University
of
Western
Ontario,
hindered all aspects of seismological research
in theLondon,
region,ON,
suchCanada
as investigation into regional Earth structure,
calculation of event parameters,
incomplete seismic risk assessment, etc. To improve all aspects of seismological
Contact: pbrown@uwo.ca
research and knowledge in Central Asia, we are merging bulletin data from the networks of Kyrgyzstan,
In this
study we into
examined
bolides
(airbursts)
reported
the JPL
CNEOS
website
Tajikistan,
and Kazakhstan
a single 344
database.
Following
completion
of theon
database,
all events
will be
(https://cneos.jpl.nasa.gov/fireballs/)
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and
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relocated, and the completed comprehensive bulletin will be submitted to the International Seismological Centre
detections.
found 206
of these bolides were detectable by at least one infrasound station while only 42 were
for inclusion
into We
the global
database.
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
T2.5-P3 Detectability of the UNE Wigwam by Radionuclide Stations of Today’s IMS
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We
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In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
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seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
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same set of stations.
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The crustal structure of Eastern Siberia is poorly known due to its inaccessibility and the sparseness of seismic

stations and larger
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of energy release (the detonation) are precisely known. The PNEs are therefore excellent data sources for crustal
studies. Analog
seismograms from regional stations for PNEs in eastern Siberia were collected and scanned to
P. Jin
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conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged
spectral ratio isofsimilar
to that
of regional and
P-wave,
but with the at
source
corner frequencies
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that
the
observed
notch
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teleseismic
P-wave
spectral
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may be
Distances for the Lop Nor Test Site According to the KNET Network
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
1
2
with source spectral
ratios predicated
by classical
explosion source models including MM71, DJ91 and their two
A. Berezina
, I. Sokolova
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and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
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Data of seismic monitoring network KNET, located in Kyrgyzstan and Kazakhstan, which is began its operation
in 1991 are actively used by researchers around the world. Over the years, the KNET network has recorded a
large number of seismic events of various nature occurred in the area of the Lop Nor test site. In addition, on
several stations of KNET network such as AAK, EKS, BGK, CHM and TKM stations, during the Soviet era
analog stations have operated. A comparative analysis of the waveforms of underground nuclear explosions
conducted at regional distances at the Lop Nor test site in 1975–1996, as well as tectonic earthquakes from 19912018 with epicenters located near the test site, was carried out. The spectral ratios of the longitudinal and shear
wave’s amplitudes (Sn/Pn, Lg/Pg) of underground nuclear explosions and earthquakes are investigated.
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The Institute of Geophysical
of the Republic of Kazakhstan possesses a large archive of analog records
of nuclear explosions. The whole IGR archive can be conditionally divided into three parts: the records of former
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records of nuclear explosions conducted at different Test Sites of the world were
digitized as well as "peaceful" nuclear explosions. It was managed to digitize the records of Central Asia stations
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In 1946 U.S. government invited Soviet scientists to nuclear tests on the Bikini atoll. USSR sent nuclear
In academician
this studySkobelitsyn
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complete above 15 kT with the automated detection system not having reported at least four airbursts with
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time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
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Test of
Site
Usage for
Effectiveness
New
Detection
cavity
presenceSemipalatinsk
due to strong effects
a radiation
pattern.
Analysis ofCheck
seismic of
noise
makes
it possible to
identify cavity at
least for relatively
shallow cavities.
Methods
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Institute of Radiation Safety and Ecology, National Nuclear Center, Kurchatov, Kazakhstan

Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea

Contact: subbotin@nnc.kz
C. Alvizuri1, C. Tape2
1
At site "Balapan"
of Semipalatinsk
testSwitzerland
site (STS), 105 underground nuclear explosions (UNE) were carried out
University
of Lausanne,
2
in vertical wells
with power
up to 150
kt and depths
up to 500 m, at the site "Degelen" - more than 200 UNEs
University
of Alaska
Fairbanks,
AK, USA
were carried out in horizontal tunnels at depths up to 200 m. Actual locations determination of UNEs on STS by
Contact: celso.alvizuri@unil.ch
existing methods is complicated by depth of UNEs at "Balapan", and by mountainous terrain conditions at the
siteestimate
"Degelen".
Diversity
of geological
conditions
of UNEs for
locations
determines
effectiveness
of
We
seismic
full moment
tensors and
their uncertainties
seven events
at the different
North Korea
nuclear test
regulated
technologies
and
determines
the
need
to
improve
it
and
study
of
additional
methods
possibilities.
It
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8is
proposedafter
to conduct
research
forWe
effectiveness
assessment
of new detection
methods
of UNEs.
feasibility
of
minutes
the declared
test.
also analyze
two earthquake
events that
occurred
to the The
south
and were
the
proposed
methods
allow
using
them
to
conduct
the
first
phase
(tritium
content
in
the
atmospheric
air
for
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
localization
of inspection
area)
and the second
(concentration
gases
soil evaluating
air and heata measurement
tensors,
generating
synthetic
waveforms
at eachphase
moment
tensor grid of
point
andinthen
misfit functionto
detect underground-loosened
zones).
These methods
havemoment
shown tensor
its high
in studies
on STS,inthey
are
between
the observed and synthetic
waveforms.
For each
weefficiency
characterize
its uncertainty
terms
notthe
officially
the in-situ
methods
now,
but it canlune,
be quite
successfully
usedfunction
to detectfor
"fresh"
UNEs
and
of
variationpart
in of
waveform
misfit
on the
eigenvalue
a probability
density
moment
tensor
explosions
several curve
decades
source
type,conducted
and a confidence
forago.
the probability that the true moment tensor lies within the neighborhood
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events
can be represented
as a sum
of Nuclear
a double couple
and a crack
tensor whose plane is near horizontal.
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1
Defense Threat Reduction Agency, Fort Belvoir, VA, USA
Seismic
Spectral Ratios Between North Korean
2
Leidos, Reston, VA, USA

for Their Seismic Sources

Nuclear Tests: Implications

Contact: victoria.oancea@leidos.com;oanceavi@gmail.com
P. Jin
Waveforms From
Nuclear
Explosions
(WFNE)
data repository
be open
Northwest
Institute
of Nuclear
Technology,
Xi'an, will
Shanxi,
Chinafor the research community’s access
to source parameter data and associated waveforms from worldwide nuclear explosions. It is based on the former
jinping@nint.ac.cn
NEDB, whichContact:
had contained
data collected, analyzed and assembled by SAIC/Leidos, using a very large number
of sources and ground truth information. It will now contain newly published or revised information, including
Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
the recent DPRK events. WFNE is a comprehensive repository on all 2157 nuclear explosions that were
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
detonated in various locations of the world, and includes waveforms from atmospheric, underground and
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
underwater detonations. Also available are raw and parametric data, meta-data summaries for the explosions
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkdetonatedLg-wave
on different
test sites,
well as to
information
on the data
providers
thatthe
have
been corner
sourced.
All events
averaged
spectral
ratio as
is similar
that of regional
P-wave,
but with
source
frequencies
have
parametric
data
collected
from
alternative
publications
and
a
preferred
solution.
Over
65,000
waveforms
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
are modeled
associatedbytointerference
678 of the
nuclearpP-explosions,
ranging
from digitized
the fitted
oldest
well
between
and P-wave,
while regional
P-wave analog
spectralrecordings
ratios may for
be well
explosions
to
recent
IMS
data.
The
waveform
data
have
associated
station
information,
including
available
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
calibration and instrument responses. The information will be accessible via a web interface with a user account.
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71The waveforms can be viewed, selected and downloaded from the web site.
related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
2
Barva Innovation Center, Talin, Armenia

Theme 3:
The experimental results of studying the effect of a fine-scale Verification
layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical
profiles of wind velocity fluctuations in the
Technologies
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Technique
similar to the mechanism of scattering of signals from groundand
surface explosions
by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous
layers, which is the vertical scale of
Application
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
Contact: igor.chunchuzov@gmail.com

wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Climate Change Through the Eyes of Radioisotopes
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
3
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The emission of antineutrinos is unaffected by the environment in which the explosion occurred. The
antineutrinos signal spreads long distances from the location of the detonation through different environments.
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.

T3.1 Design of Sensor Systems and Advanced Sensor
Technologies
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
In-Situ
Identification
of Radioisotopes
Description
and Results
from a Feedback Digital Infrasound Detector
System
M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
Sandia
National Laboratories, Albuquerque, NM, USA
C. Guralp
Gaiacodemdallen@sandia.gov
Ltd, Reading, United Kingdom
Contact:

Contact:
cguralp@gaiacode.com
Radioactive xenon
isotopes
are signatures of clandestine underground nuclear tests. Their low concentrations
remote
from
the
event
require
collection and
separation fromTreaty
large quantities
using
porous
carbon sorbents.
Since the signing of Comprehensive
Nuclear-Test-Ban
(CTBT) of
in air
1996
and
the establishment
of
Unfortunately,
due
to
their
short
half-lives,
large
dilution
factors,
and
the
long
times
required
to
remotely
acquire
International Monitoring Systems (IMS) statins for the verification of nuclear explosions significant
samples,
information
concerning
theintime,
location,
abundance
of specific isotopes
produced
in the
event and
can the
be
improvements
have been
achieved
monitoring
systems.
The improvement
in seismic
detection
systems
lost.
Consequently,
detection surpassed
strategies the
are development
needed that enable
more rapid
identification.
will
technology
has substantially
and themuch
sophistication
of isotope
infrasound
monitoring We
systems.
describe
in-situ
radioisotope
identification
by beta-gamma
in a portable
system
enabled
by MetalA feedback
infrasound
system
based on a new
topology andcoincidence
concept is described.
Design
details
and results
will
Organic
Frameworks
(MOFs),feedback
a new, highly
tailorable
class
of sorbents
surface areas as
as 7000
m2/g.
be presented.
The described
Infrasound
system
eliminates
all with
the shortcomings
of high
existing
infrasound
MOFs
possess
a combination
of properties
nanoporous
materials. First,
ultrahigh
surface
detection
technology.
The designed
low noiseunique
digitalamong
Infrasound
(micro-barometer)
systemtheir
provides
an improved
areas
facilitate
selective
adsorption
of
weakly
interacting
gases
such
as
xenon.
Second,
established
structuremethod of calibration. The frequency response and gain of the feedback detector is dependent only on the
function
MOFloop
gas providing
uptake enable
rational
design
of materials
optimized
specific
electricalrelationships
parameters ofgoverning
the feedbacka stable
and highly
accurate
detector.
It will befor
shown
that
applications
(e.g.,
to
selectively
adsorb
Xe).
We
demonstrate
that
MOFs
enable
the
identification
of
radioactive
the digital Infrasound detector response to seismic signals is virtually eliminated. The system provides three
xenon
isotopes
virtually
in being:
real time
when
used in a tonovel
high-pressure
system
we designed.
Our
independent
outputs,
these
output
proportional
pressure,
derivativedetection
of pressure
and second
derivative
of
MOF-enabled
detection concept could dramatically improve the reliability, timeliness, and information content
pressure.
of systems used for CTBT verification.
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Establishment of a Network of Political and Scientific Cooperation Between
High
Sensitive
XeGreat
Measurements
CTBTO
and the
Lakes Region to Contribute to Sustainable
Y
Development
Y.
Popov
Lares LLC, St. Petersburg, Russian Federation
D. Birimwiragi Namogo
Contact:
yurys_popov@mail.ru
Goma Volcano
Observatory, Goma, DR Congo

Contact:
didiernamogo02@gmail.com
Unfortunately only
Xe133
is usually detected in the air samples on IMS Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
The Great Lakes
is hit by
thatitdisrupt
sustainable
development
in the
region.
Most
of
concentrations
areregion
a few orders
of geological
magnitiudehazards
lower and
is therefore
only possible
to detect
them
within
short
the
cities
in
the
region
are
located
in
the
East
African
Rift.
This
is
the
case
of
some
cities
in
which
the
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
-5 in Uganda.
vulnerability
is on
a high
CTBTO
has Xe133m
installed and
two Xe135
seismographic
and10
one
Bq/m3. We
Xe)
resulting in
MDCs
forlevel.
Xe131m,
Xe133,
in everystations
sample inofKenya
less than
The
ongoing
maintenance
of
these
stations
by
CTBTO
has
provided
a
good
scientific
contribution
to the
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
understanding
of
this
region.
However,
the
part
of
the
Great
Lakes
remains
empty,
so
that,
it
would
be
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During very
the
important that
network
be sample
extendedpreparation
by establishing
stations
in the DRC,
Rwanda and
Burundi,
which
can
presentation
thethe
design
of the
unit, the
beta-gamma
spectrometer
suitable
for big
sample
help
to
allow
the
region
and
contribute
to
sustainable
regional
development.
This
regional
collaboration
will
measurement together with the first achieved practical results will be presented.
contribute to: - Awakening of the consciousness of those governments that seem to have forgotten CTBT, - The
establishment of some seismic stations in the region which can help now to assess weakness areas in which
buildings must be restricted, and to assess the seismic risks in the region. - Strengthen peace in the region
T3.1-O6
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Systemnetwork.
through the inter-institutional
and intergovernmental
cooperation
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as USA
a Method of Monitoring Nuclear
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Northwest
Laboratory,
Richland, WA,

Explosions
Contact:
jc.hayes@pnnl.gov

V. Grichuk,
PNNL is exploring
the useR.ofBessonov
37Ar for detecting nuclear explosion, including for use in the International
National
Research
University
MEPhI, Moscow,
Russian Federation
Monitoring System
(IMS).
A high Nuclear
throughput
37Ar separation
and measurement
system was developed at
Pacific Northwest
National
Laboratory
(PNNL)
to
detect
37Ar
activity
generated
from an underground nuclear
Contact: vadimgrig22@gmail.com
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
In many respects,
the antineutrino
emittedAs
bya anoble
nuclear
is the
signaland
for migrates
a nuclearthrough
detonation.
surrounding
an underground
nuclearburst
explosion.
gas,test
argon
is ideal
unreactive
the
Modern
technologies
and
methods
allow
hiding
radioactive
isotopes
after
an
explosion
or
camouflage
seismic
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during
a
signals,explosion.
but meansDetection
and methods
of masking
antineutrinos measurement
do not exist. for
In each
nuclear
1024
nuclear
of 37Ar
can be a confirmatory
a nuclear
test,explosion
and whenabout
combined
133
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Atmospheric
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Layer
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forinterval
Modeling
Infrasound
antineutrinos
are produced
per kilowatt
energy released
during
fission in a time
of about
10 seconds.
The emission of antineutrinos
is unaffected
by the in
environment
in which the explosion occurred. The
Propagation
and Scattering
the Atmosphere
antineutrinos signal spreads long distances
from the1 location of the1detonation 1through different2 environments. 2
1
I. Chunchuzov
, S. Kulichkov
, V. Perepelkin
Popov of
, A.detecting
Vardanyan
, G. tests.
Ayvazyan
We propose to build
a 1 km3 detector
at the South
Pole for the, O.
purpose
nuclear
The
1
A.M. Obukhov
Institute
of Atmospheric
Physics, System
Russiancould
Academy
Moscow,
Russian
introduction of antineutrino
sensors into
the International
Monitoring
helpoftoScience,
unequivocally
detect
nuclear weapon tests.2 Federation
Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
In-Situ
Identification
of Radioisotopes
boundary
layer (ABL)
on fluctuations
of the parameters of acoustic pulses generated with a certain period (1

min) byM.D.
an artificial
detonation
source
are presented.
vertical profiles of wind velocity fluctuations in the
Allendorf,
P. Doty,
T. Wang,
A. Benin, The
J. Greathouse
thin layers
of
the
ABL
have
been
retrieved
using
the
wave
Sandia National Laboratories, Albuquerque, NM, USAforms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Contact:
mdallen@sandia.gov
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
This work was supported by RFBR N 18-55-05002
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalOrganic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
T1.1-O4selective
Climate
Change
Through
the Eyes
Radioisotopes
areas facilitate
adsorption
of weakly
interacting
gases of
such
as xenon. Second, established structurefunction relationships governing
MOF gas uptake
enable rational
design
of materials optimized for specific
1
2
3
4
Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
applications (e.g., to L.
1selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
xenon isotopes virtually
in real time when used in a novel high-pressure detection system we designed. Our
2
CTBTO Preparatory Commission, Vienna, Austria
MOF-enabled detection
concept could dramatically improve the reliability, timeliness, and information content
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
of systems used for CTBT
verification.
4
TU Wien Atominstitut, Vienna, Austria
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High Sensitive Xe Measurements

Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Y. Popov
Cosmogenic
beryllium-7
and Federation
sodium-22 are known atmospheric tracers and can be used together
Laresradionuclides
LLC, St. Petersburg,
Russian
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
yurys_popov@mail.ru
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
forecast.
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
T1.1-O5
Detection
Efficiency
of the results
IMS for
measurement
together
with the first
achieved practical
will Bolides
be presented.

T3.1-O6

P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

High Throughput Argon-37 Field System

Contact: pbrown@uwo.ca
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
In thisD. study
we R.
examined
344
bolides (airbursts) reported on the JPL CNEOS website
Stephenson,
Suarez, G.
Whyatt
(https://cneos.jpl.nasa.gov/fireballs/)
between
andUSA
attempt to correlate these with infrasound
Pacific Northwest National Laboratory, 2007-2018
Richland, WA,
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Contact:
jc.hayes@pnnl.gov
automatically
registered
as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
complete above 15 kT with the automated detection system not having reported at least four airbursts with
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
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earthemission
and can be
into theisatmosphere
fission
gases that
also produced
during
of released
antineutrinos
unaffected with
by the radioxenon
environment
in which
the are
explosion
occurred.
Thea
The
nuclear
explosion.
Detection
of
37Ar
can
be
a
confirmatory
measurement
for
a
nuclear
test,
and
when
combined
antineutrinos signal spreads long distances from the location of the detonation through different environments.
withpropose
radioxenon
isotopes
same atsample
the confidence
thatpurpose
a nuclear
occurredtests.
improves
We
to build
a 1 from
km3 the
detector
the South
Pole for the
of explosion
detecting nuclear
The
significantly.ofPNNL
has performed
a large
number of soil
gas and System
atmospheric
measurements
to
introduction
antineutrino
sensors into
the International
Monitoring
couldbackground
help to unequivocally
detect
understand
gas tests.
migration of naturally occurring Ar-37 in the soil and for experiments where 37Ar and 127Xe
nuclear
weapon
were injected into a nuclear test cavity. PNNL will present on the newly developed Argon-37 High Throughput
system as well as discuss measurements made at locations throughout the northwest region of the United States.
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of Birmingham, United Kingdom
Radioactive xenon
isotopes
are signatures of clandestine underground nuclear tests. Their low concentrations
Contact:
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remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
Gravitational field
is permitted
paragraph
69 of the
Treaty
UNto A/50/1027)
to be
Unfortunately,
due tomapping
their short
half-lives, by
large
dilution factors,
andCTBT
the long
times(1996;
required
remotely acquire
deployed
during
the
continuation
period
of
an
on-site
inspection
(OSI)
to
look
for
features
relevant
to
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
underground
nuclear
explosions
(UNEs).
Examples
of
features
of
interest
include
tunnels
used
for
horizontal
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
emplacements,
and underground
voids andbycollapse
features
caused byinvertical
emplacements.
Whilst
current
describe
in-situ radioisotope
identification
beta-gamma
coincidence
a portable
system enabled
by Metal2
spring based
gravity instruments
usedhighly
are limited
both class
by their
resolution
andsurface
by sources
noise
/g.
Organic
Frameworks
(MOFs), a new,
tailorable
of sorbents
with
areasofasenvironmental
high as 7000 m
superimposed
the measurements,
the imminent
quantum technology
sensors based
on
MOFs
possess on
a combination
of properties
uniquearrival
amongofnanoporous
materials.(QT)
First,gravity
their ultrahigh
surface
atom facilitate
interferometry
promise
both aoffarweakly
greaterinteracting
resolutiongases
and the
to suppress
noise by
areas
selective
adsorption
suchability
as xenon.
Second,environmental
established structuremeasuring
a gravity gradient,
creating
usefulenable
in fieldrational
applications
as during an
OSI. This
will
function
relationships
governing
MOFa sensor
gas uptake
designsuch
of materials
optimized
forpaper
specific
present computer
simulations
mathematical
forward
of buried
UNE relevant
targets and
applications
(e.g., to
selectivelybased
adsorbonXe).
We demonstrate
thatmodelling
MOFs enable
the identification
of radioactive
realistic
noise sources
thewhen
potential
thesehigh-pressure
new sensors detection
in an OSIsystem
context.
will allow
xenon
isotopes
virtuallytoinexplore
real time
useduses
in aofnovel
weThis
designed.
Our
quantification
of
the
overall
improvements
to
detectability
of
UNE
observables
in
terms
of
the
depth
and
size of
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
resolvable
features
when utilising
QT sensors.
of
systems used
for CTBT
verification.
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Seismically
Cued
Detectors Have Limited Potential to Monitor
High
Sensitive
Xe Antineutrino
Measurements
Nuclear Explosions

Y. Popov
1
Lares
LLC,
St. Petersburg,
Russian2, Federation
A. Bernstein3
R. Carr
, J.R.F.
Dalnoki Veress
1 MIT, Cambridge, MA, USA
Contact:
yurys_popov@mail.ru
2
James Martin Center for Nonproliferation Studies (CNS), Monteray, CA, USA
3
Lawrence
Livermore,
Unfortunately only
Xe133Livermore
is usuallyNational
detectedLaboratory,
in the air samples
on CA,
IMSUSA
Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
concentrations Contact:
are a few recarr@mit.edu
orders of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
In this
presentation
wefor
discuss
findings
from
a studyand
to test
theinsensitivity
of large
gadolinium-doped
. We
Xe)
resulting
in MDCs
Xe131m,
Xe133,
Xe133m
Xe135
every sample
of less
than 10-5 Bq/m3water
detectors to
antineutrinos
released
nuclear-fission
explosions,
signal and
developed
a system
to purify
the Xeby
sample
from a Xe-Kr
mixture using
whichupdated
is accumulated
as abackground
by-product models
during
and taking
of the capacity
for seismic observations
to types
provide
trigger.
find that
oxygen
and advantage
nitrogen production
from atmospheric
air at different
of an
air analysis
separation
plants.We
During
the
advances in seismic
monitoring
and neutrino
physicsunit,
havethe
made
the detection
of explosion-derived
presentation
the design
of the sample
preparation
beta-gamma
spectrometer
suitable forantineutrinos
big sample
more conceivable
thanwith
previously
the size
and will
costbeofpresented.
sufficiently sensitive detectors continue to
measurement
together
the first asserted,
achieved but
practical
results
seriously limit applications. Under certain conditions, the antineutrino signature of a 250-kton pure-fission
explosion could be identified several hundred kilometers away, in a detector about the size of the largest module
proposed for aHigh
basic physics
experiment.
However,Field
for anSystem
explosion two orders of magnitude less yield and more
T3.1-O6
Throughput
Argon-37
of interest because it is harder to verify as being nuclear in nature, the standoff distance shrinks by an order of
magnitude likely
locating
theC.
detector
in-country.
In principle,
such
observation
could
provide rapid
J. C.requiring
Hayes, K.
Silvers,
Aalseth,
T. Alexander,
H. Back,
M.anFoxe,
L. Lidey,
J. Mendez,
confirmation that
the seismic signal
coincided
with a fission event, possibly useful for cooperative monitoring of
D. Stephenson,
R. Suarez,
G. Whyatt
nuclear-weapon
test sites
but unlikely
for Laboratory,
detecting explosions
longUSA
stand-off distances.
Pacific
Northwest
National
Richland,atWA,
Contact: jc.hayes@pnnl.gov
PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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The Feasibility
of Using
MEMS
Technology
for Monitoring
LargeInfrasound
T1.1-O3
Atmospheric
Boundary
Layer
as a Laboratory
for Modeling
Earthquakes
Propagation and Scattering in the Atmosphere
1
A. Ansari,
E. Karkooti
I. Chunchuzov
, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
International
Institute
Earthquake
Engineering
and Seismology
(IIEES),ofTehran,
A.M. Obukhov of
Institute
of Atmospheric
Physics,
Russian Academy
Science,Iran
Moscow, Russian
Federation
Contact:
a.ansari@iiees.ac.ir
2
Barva Innovation Center, Talin, Armenia
Small low-cost microelectromechanical system (MEMS) triaxial sensors provide ground-acceleration
Contact: igor.chunchuzov@gmail.com
measurements of moderate to large earthquakes. However, the common challenge of such sensors are low
dynamic
which isresults
because
of high self
noise of
ofathese
systems.
In this
paper,ofaa new
for
Therange
experimental
of studying
the effect
fine-scale
layered
structure
stablyconfiguration
stratified atmospheric
reducing
self-noise
MEMS
accelerationofsensors
is provided.
Usingpulses
this configuration,
three-axial
boundary
layer of
(ABL)
on fluctuations
the parameters
of acoustic
generated with aa certain
period (1
acceleration
sensor
was build.
Five sensors
of are
thispresented.
type were The
installed
at aprofiles
concreteofdam
to velocity
monitor the
response in the
min) by
an artificial
detonation
source
vertical
wind
fluctuations
of thethin
damlayers
against
earthquake.
During
12 November
2017 forms
Mw 7.3
Zahabof(Iran–Iraq
Border)
of large
the ABL
have been
retrieved
using the wave
andSarpol-e
travel times
the recorded
arrivals of
earthquake,
this
system
recorded
the
earthquake
in
different
locations
of
the
dam.
In
this
paper,
the
results
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratifiedofABL is
such recordings
are presented.
the of
results
of shaking
table surface
tests of explosions
this acceleration
recording
system
similar to the
mechanismMoreover,
of scattering
signals
from ground
by layered
nonhomogeneities
collocated
with
other
acceleration
sensors
are
also
presented.
The
results
shows
that
new
configuration
of
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
MEMShere
acceleration
could bethickness
used to record
seismicnonhomogeneous
motion of large earthquakes.
place the sensors
dimensionless
of the the
reflecting
layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals
is studied.
The estimation
of the error in localization
of Fiber
pulsed sources
given.
Acknowledgement:
T3.1-O10
Using
the Existing
Telecommunication
Optical
Cablesisas
Underwater
This work
was
supported
by
RFBR
N
18-55-05002
Seismic Events Detectors

Y. Pashkov
Main Centre
of Special
Monitoring,
Malin,
T1.1-O4
Climate
Change
Through
theUkraine
Eyes of

Radioisotopes

Contact: yapashkov@gmail.com
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian
(SCK•CEN),
Mol, of
Belgium
Detecting ocean-floor
seismicNuclear
activityResearch
is crucialCenter
for our
understanding
the interior structure and dynamic
2
CTBTO
Preparatory
Commission,
Vienna,
Austria
behavior of the Earth.
However,
70%
of
the
planet's
surface
is
covered
by
water
and seismometers coverage is
3
Institution
for Meteorology
Austria
limited to a handful ofCentral
permanent
ocean bottom
stations. Itand
canGeodynamics
be shown that(ZAMG),
existing Vienna,
telecommunication
optical
4
Wien Atominstitut,
Austria
fiber cables can detectTU
seismic
events when Vienna,
combined
with state-of-the-art frequency metrology techniques by
5
of Natural
Applied
Life Sciences
(BOKU),
Vienna, Austriaoptical
using the fiber itself asUniversity
the sensing
element.Resources
As it was and
found,
the existing
underwater
telecommunication
6
Health
ProtectiontoBureau,
ON, having
Canadato make any changes to
fiber cables could be used
in Canada,
this way Radiation
without disruptions
service Ottawa,
and without
the cables. All that would
be lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
needed would be to gain access to one of a group of channels on both ends of a
Contact:
cable. Each side would be fitted with a special laser-based detector to continually monitor the signal. The
Cosmogenic
and
sodium-22
are were
known
atmospheric
andthey
can could
be used
together
researchers
suggestradionuclides
that if enoughberyllium-7
of the cables
under
the oceans
used
as seismictracers
monitors
offer
lock-in technique
trace vertical airthat
masses
on to
surface
This technique
accessintoaunprecedented
typestoofeffectively
information—information
couldbased
be used
predictmeasurements.
tsunamis, for example,
allowsunderstand
to study progression
andactivity
speed of
cells.shifting
Data show
that the cells are decelerating during the
or to better
global seismic
asatmospheric
it relates to plate
and volcanism.
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Poster
Presentations
Europe
with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.A Differential Highly Sensitivity Sensor for Accounting of Seismic Devices
T3.1-P1

Instrumental Thermal Noise
1

2

1

V. Gravirov
, K. Kislov
, D. Likhodeev
T1.1-O5
Detection
Efficiency
of the IMS for Bolides
1

Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS),
P. Brown,
N. Federation
Gi
Moscow,
Russian
2
University
of Western
Ontario,Theory
London,
Canada Geophysics of the Russian Academy
Institute
of Earthquake
Prediction
andON,
Mathematical
of Science (IEPT RAS), Moscow, Russian Federation
Contact: pbrown@uwo.ca
Contact: gravirov@mail.ru;grav.1965@yandex.ru;gravirov@rambler.ru
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
between
attempt seismometers
to correlate isthese
with infrasound
One of(https://cneos.jpl.nasa.gov/fireballs/)
the main factors causing noise in the
records 2007-2018
of precisionand
long-period
the temperature
detections.
found 206elements
of these of
bolides
were detectable
at least
one infrasound
stationbywhile
only 42 were
fluctuations
of theWe
mechanical
the seismometers
andbytheir
sensitive
sensors caused
temperature
automatically
registered
as part
ReviewedofEvent
Bulletin
(REB)
issued daily
by CTBTO.
However, this
fluctuations
in their internal
space
due of
to the presence
local heat
sources.
Electronic
components,
for example,
globalamplifiers,
REB detection
rate and
of ~10%
averaged
less than of
thesuch
"modern"
ratecan
(from
2014-2018)
operational
resistors
inductances
thatfrom
are 2007-2018
part of the is
electronics
devices,
be act
as
which
approaches
20%.
Aboveduring
the 1 kT
design
threshold,elements
we find that
of airbursts
reported in
local heat
sources.
Heat is
generated
theCTBTO
operation
of mechanical
too. 40%
A very
complex are
dynamic
the REB,
while
than
90%internal
are detectable
at one
or moreTo
infrasound
airbursts
energy
temperature
pattern
is more
created
in the
volume of
the device.
reduce thestations.
effect ofAll
this
type of with
noise,
we > 2
kTusing
reported
on the
fireball
site since
2007 signals
have been
detected
infrasonically.
However,recording
the REBofis only
suggest
adaptive
andJPL
optimal
filtering
of seismic
based
on high-precision
temperature
complete
kT with the
havingcapable
reported
at least four
airbursts with
key elements
of above
seismic15instruments.
Toautomated
date, theredetection
were not system
so smallnot
systems
of recording
temperature
137
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changes
inside of
seismic
instruments
sufficiently
highenvironment
accuracy. Theinhighly
thermometer
developed
emission
antineutrinos
is with
unaffected
by the
whichsensitive
the explosion
occurred.
The
The
by
us
is
capable
of
simultaneously
monitoring
the
temperature
at
several
of
the
most
important
points
of any
antineutrinos signal spreads long distances from the location of the detonation through different environments.
seismic
device
an aaccuracy
up to 0.005
We
propose
towith
build
1 km3 of
detector
at thedegrees
SouthCelsius
Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.

T3.1-P2

A New Gamma Camcorder

T3.1-O4

P.C. Florido,the
M. Marchioni,
Nuñes, E. L. Nassif,
R. Pino, I. Scarinci
Exploiting
TailorableM.Nanoporosity
of Metal-Organic
Frameworks for
INVAP S.E., Bariloche, Argentina
In-Situ Identification of Radioisotopes

Contact: pflorido@invap.com.ar
M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
Nowadays, gamma
rate images
are created
by "gamma
cameras",
Sandiadose
National
Laboratories,
Albuquerque,
NM,
USA commercially available, unsuitable to be
used in many cases of verification of undeclared activities and detection of radioactive hot spots. The new
Contact:
mdallen@sandia.gov
gamma camcorder
developed
by INVAP, change the way you see gamma radiation fields, allowing to scan and
film
a
gamma
radiation
field
1 frame/second,
with a compact,
affordable,
efficient
Radioactive xenon isotopes areatsignatures
of clandestine
underground
nuclear lightweight
tests. Their and
low highly
concentrations
device.
Unlike
current
gamma
cameras,
the
device
is
not
used
to
form
the
classic
concepts
of
lens
and
focus.
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
INVAP
concept
was
tested
using
experimental
measurements
in
a
nuclear
reactor.
Design
flexibility
enables
the
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
use
of
several
types
of
detectors.
The
gamma
field
was
reconstructed
with
very
good
resolution
in
those
gamma
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
doseConsequently,
rate ranges suitable
for Nuclear
Plants,that
namely
from
10µSv/h
to 1Sv/h.
the technology
lost.
detection
strategiesPower
are needed
enable
much
more up
rapid
isotopeBut
identification.
We does
will
not
limit
camcorder
velocity,
and
presented
results
shows
that
a
real
time
image
could
be
obtained
from
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by nuclear
Metalreactor up
to natural (MOFs),
background.
Camera
could
to with
neutron
fields
also.
concept,
Organic
Frameworks
a new,
highlyconcept
tailorable
classbeofapplied
sorbents
surface
areas
as Using
high asthis
7000
m2/g.
production
of
a
remote
equipment
for
mapping
and
monitoring
high
gamma
radiation
fields
is
currently
in
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
progress,
aiming
to
provide
real
time
information
of
radiation
fields
inside
Nuclear
Power
Plants.
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
T3.1-P3
New Process
Design
Separation
System
xenon
isotopesAvirtually
in real time
whenfor
usedCompact
in a novelRadioxenon
high-pressure detection
system
we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
Monpezat,
A. Cagniant, O. Delaune, V. Thomas, S. Topin
of systems usedA.for
CTBT verification.
Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France

Contact: arnaud.monpezat@cea.fr

T3.1-O5
High Sensitive Xe Measurements
In the context of the Comprehensive Nuclear-Test-Ban Treaty, the CEA developed the SPALAX system about

15 years ago.Y.It Popov
is currently implemented in the International Monitoring System to detect and characterize
xenon releasesLares
following
a nuclear
explosion.
system is still under continuous improvement; in order to
LLC, St.
Petersburg,
RussianThis
Federation
reduce the footprint and the energy consumption, the separation and purification steps can be optimized further.
yurys_popov@mail.ru
The internallyContact:
developed
Ag@ZSM-5 zeolite adsorbent can be an ideal candidate given its site of strong
interaction
with
xenon
at
low
has unmatched
at partial
pressures
of xenon
Unfortunately only Xe133 is partial
usuallypressures.
detected This
in thezeolite
air samples
on IMS capacity
Noble Gas
installations.
Due
to its
in
air.
This
material
is
now
tested
with
a
new
and
more
compact
design
of
the
process.
This
system
can
relatively higher concentration in comparison with metastable xenon isotopes. The metastable separate
xenon
directly xenon are
from
air without
nitrogen membranes,
thus with
a limited
pressure
and energy
concentrations
a few
orders ofany
magnitiude
lower and it and
is therefore
only
possibleworking
to detect
them within
short
requirement.
System
and
its
performances
will
be
illustrated.
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure

Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen
and nitrogen
from atmospheric
air atAccelerometer
different types of air separation plants. During the
T3.1-P4
A Newproduction
Three-Component
Optical
presentation the design of1 the sample1 preparation unit, 2the beta-gamma spectrometer suitable for big sample
S. Esmaeili
A. first
Ansari
, H. Emamipour
measurement together
with ,the
achieved
practical results will be presented.
1
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran
2
Ilam University, Ilam, Iran
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Contact:
shams_esm@yahoo.com
High
Throughput
Argon-37 Field System

This experimental
study K.
demonstrates
new three-component
thatL. is
basedJ. Mendez,
on the moiré
J. C. Hayes,
Silvers, C. aAalseth,
T. Alexander, H.accelerometer
Back, M. Foxe,
Lidey,
technique. Our
was to build
an optical
accelerometer whose performance is similar to that of seismic
D. goal
Stephenson,
R. Suarez,
G. Whyatt
sensors yet can
operate.
The oscillation
system of the
sensor WA,
is a USA
spring-suspended mass whose position is
Pacific
Northwest
National Laboratory,
Richland,
monitored by moiré technique. We used two similar overlaid gratings at a small angle that, one of them is fixed
Contact:
jc.hayes@pnnl.gov
to the frame and
the other
one is attached to the suspended mass. The gratings are installed close to each other
with
no
physical
contact.
Moiré
patternfor
is illuminated
with a explosion,
1 mW diode
laser andfor
its use
beaminpasses
through the
PNNL is exploring the use of 37Ar
detecting nuclear
including
the International
moiré
pattern
and
a
narrow
slit
and
hits
on
a
light
detector.
Due
to
a
typical
impulse
and
the
fringes
movements,
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
the light
intensityNational
on the detector
varies
and isto recorded
as voltage.
A digital from
signalanprocessor
samples
the
Pacific
Northwest
Laboratory
(PNNL)
detect 37Ar
activity generated
underground
nuclear
interference
fringes
signal
and
produces
a
200
samples/sec
record
of
the
accelerometer
output
signals.
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
Experimentsan
to underground
test this idea have
been
performedAsonaour
optical
and a calibrated
accelerometer
as
surrounding
nuclear
explosion.
noble
gas,accelerometer
argon is unreactive
and migrates
through the
a
reference
accelerometer
in
identical
conditions.
Investigations
and
Comparisons
show
that,
our
accelerometer
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
is quite explosion.
reliable andDetection
has someofadvantages.
nuclear
37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Antineutrino
Detectors:
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Their Use for
for Modeling
Monitoring
of
T1.1-O3
Atmospheric
Boundary
Layer as a of
Laboratory
Infrasound
Nuclear
Explosions
Propagation and Scattering in the Atmosphere
1
M. Foxe,
T. Bowyer, 1J.
B. VanDevender
I. Chunchuzov
, S.Orrell,
Kulichkov
, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
Pacific1 A.M.
Northwest
National
Laboratory,
Richland,
WA, USA
Obukhov Institute of Atmospheric
Physics,
Russian Academy of Science, Moscow, Russian
Federation
Contact:
Michael.Foxe@pnnl.gov
2
Barva Innovation Center, Talin, Armenia
Historically, nuclear explosion monitoring has been performed via atmospheric transport of radionuclides. In this
Contact: igor.chunchuzov@gmail.com
paper, we aim to answer the question "Is there a role for antineutrino detectors for monitoring of nuclear
explosions?"
The International
(IMS)
is a network
detectors
under
the
The experimental
results ofMonitoring
studying theSystem
effect of
a fine-scale
layered of
structure
of a established
stably stratified
atmospheric
Comprehensive
Treaty that of
continuously
monitors
the world
for nuclear
explosions.
While period
the
boundary Nuclear-Test-Ban
layer (ABL) on fluctuations
the parameters
of acoustic
pulses
generated
with a certain
(1
IMS utilizes
conventional
techniques
(seismic,
infrasound,
hydroacoustic,
airborne
radionuclides),
min) by
an artificialdetection
detonation
source are
presented.
The vertical
profiles ofand
wind
velocity
fluctuations in the
there isthin
often
discussion
of thehave
potential
antineutrino
detectand
a nuclear
explosion.
Werecorded
suggest arrivals
that
layers
of the ABL
beenfor
retrieved
usingdetectors
the wavetoforms
travel times
of the
of
the current
generation
detector
capabilities
and
cost
associated
with
antineutrino
detectors
make
their
use
within
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
the IMS-like
monitoring
infrastructure
prohibitive
at from
this time,
especially
when compared
to an
expanded
similar to
the mechanism
of scattering
of signals
ground
surface explosions
by layered
nonhomogeneities
capability
of
current
IMS
technologies.
Throughout
this
paper,
we
discuss
the
capabilities
and
requirements
of
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
antineutrino
detectors
and provide the
information
utilized
in arriving
at the above layers,
conclusion.
here place
the dimensionless
thickness
of the
reflecting
nonhomogeneous
which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals
is studied. The
estimation of
the error to
in localization
pulsed sources
is given. Acknowledgement:
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This work
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Federation
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
Contact:
TUgravirov@mail.ru;grav.1965@yandex.ru;gravirov@rambler.ru
Wien Atominstitut, Vienna, Austria
5
University
of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
This paper is devoted
6 to the use of the optimal filtering technique for the correction of seismic signal records,
Health
Canada,
Radiation with
Protection
Bureau, Ottawa,
ON, Canada
where there may also be some noise associated
both fluctuations
in atmospheric
pressure and temperature.

It is not possible toContact:
record lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
seismic true information about the movement of the soil by modern seismic
instruments due to the considerable sensitivity of these instruments to fluctuations of atmospheric pressure and
Cosmogenic
beryllium-7
sodium-22
are known
atmospheric
tracers andofcan
be usedthe
together
temperature
both ofradionuclides
the surrounding
space andand
within
the instruments
themselves.
Consideration
changing
in temperature
a lock-in technique
to effectively
air masses
on surface
technique
internal
of seismic
instrumentstrace
is a vertical
very difficult
task based
too, since
unevenmeasurements.
heating of theThis
internal
to by
study
progression
andwhich
speed may
of atmospheric
cells.
Data showforthat
the cellsoperational
are decelerating
during the
volumeallows
caused
local
heat sources,
be electronic
components,
example,
amplifiers,
summer
period which
extending
in time. This
caused device,
by warming
whole
increased
resistors
and inductances
thatisare
part of electronics
anyismodern
must of
be the
taken
into troposphere
account. Theand
effect
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
of this kind of noise of non-seismic origin on the instruments increases with the expansion of its frequency over
Europe
with low
pressure
gradients
led to almost
stationary
thunderstorms
areofcorrelated
with the
observed
response
for longer
periods.
In the
course ofthat
research,
we have
demonstrated
that the use
optimal filters
for the
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
correction of long-period channels records of seismic instruments can significantly improve the signal-to- noise for
confirming
several
effects
climate
change
whilebyproviding
a new
modelling tool in seasonal weather
ratio, which
will allow
the side
detection
of of
seismic
signals
masked
similar types
of noise.
forecast.

T3.1-P7 Applying an Anti-Coincidence System Plastic-HPGe to Lower the MDA of
T1.1-O5
Detection
Efficiency of the IMS for Bolides
Radioxenon
Measurement
P. Brown, N. Gi
F. Rossi1, P. Bartolomei2, R. Lorenzelli2, S. Salvi2, A. Rizzo2, C. Telloli2, D. Mostacci1
University of Western Ontario, London, ON, Canada
1
University of Bologna, Italy
2
Italian
National
Agency for New Technologies, Energy and Sustainable Economic Development
Contact:
pbrown@uwo.ca
(ENEA), Bologna Research Centre, Bologna, Italy
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Contact:
antonietta.rizzo@enea.it;a.rizzo.enea@gmail.com
detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
The systems developed to detect the emissions of xenon isotopes, for the verification of the CTBT treaty are
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
required
to have a very sensitive detection limit, having to reach specific values of minimum detectable activity
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
(MDA). To improve the sensitivity of the measurements and to decrease the minimum detectable activity
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
(MDA) values it is important to reduce, among other factors, the background detected by the system. At ENEA
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
Noble Gas laboratory an anticoincidence system has been developed to support the measurement of radio xenon
complete above 15 kT with the automated detection system not having reported at least four airbursts with
isotopes in atmospheric samples. The system consists of a HPGe coaxial detector p-type installed inside a low-
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background
of old lead (150
mm) withby
a layer
of electrolyticin copper
Two NUVIA
emissionshield
of antineutrinos
is unaffected
the environment
which (35
the mm).
explosion
occurred.plastic
The
The
scintillators
were
placed
above
the
shielding
to
detect
coincident
cosmic-ray
interactions.
The
electronics
antineutrinos signal spreads long distances from the location of the detonation through different environments.
associated
the detector
amplifies
theatsignal
and passes
it through
an analogue-to-digital
converter.
We
proposewith
to build
a 1 km3
detector
the South
Pole for
the purpose
of detecting nuclear
tests. Tests
The
conducted with
the anticoincidence
system
have shown aMonitoring
reduction of
the Compton
continuum
that contributes
introduction
of antineutrino
sensors into
the International
System
could help
to unequivocally
detect
to the spectrum
background. In addition, the measured MDA values, compared to those obtained using the
nuclear
weapon tests.
standard system, decreased for all the radioxenon isotopes.

T3.1-O4
T3.1-P9

Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
Calibration
of Infrasound
Sensors in a Long-Term Field Study
In-Situ
Identification
of Radioisotopes

B. J. Merchant,
G.Doty,
Slad, T.
R. Wang,
Rembold
M.D.
Allendorf, P.
A. Benin, J. Greathouse
Sandia
National
Laboratories,
Albuquerque,NM,
NM,USA
USA
Sandia National Laboratories, Albuquerque,
Contact: bjmerch@sandia.gov
Contact: mdallen@sandia.gov
A long-termxenon
field isotopes
study is are
being
performed
at Sandia National
Laboratories
Facility
Acceptance,
Radioactive
signatures
of clandestine
underground
nuclear (SNL)
tests. Their
lowfor
concentrations
Calibration,
and
Testing
(FACT)
to
compare
the
performance
of
five
infrasound
sensors
in
active
use.
The goal
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
of
this
study,
which
was
initiated
at
the
beginning
of
2018
and
is
continuing
into
2019,
is
to
evaluate
the
relative
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
performance
of
the
sensors
in
a
field
environment
in
which
the
sensors
are
subject
to
dynamic
environmental
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
conditions
and to evaluate
changes
in the
performance
laboratory conditions.
lost.
Consequently,
detection
strategies
aresensor’s
needed absolute
that enable
much moreunder
rapidcontrolled
isotope identification.
We will
The
results
of
the
laboratory
calibrations,
performed
at
3-month
intervals,
are
presented
here.
We examine
the
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled
by Metallaboratory
measurements
of
self-noise,
sensitivity,
and
amplitude
and
phase
response
to
determine
to
what
extent
2
Organic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m /g.
the sensor
performance
has changed
over theunique
course among
of the field
study. materials. First, their ultrahigh surface
MOFs
possess
a combination
of properties
nanoporous
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
T3.1-P10 (e.g.,
Characterization
of Xe).
the We
Microbarometer’s
Sensitivity
the Environment
applications
to selectively adsorb
demonstrate that MOFs
enable thetoidentification
of radioactive
xenon isotopes virtually in
real
time
when
used
in
a
novel
high-pressure
detection
system
we
designed.
Our
1
1
1
1
P. Vincentconcept
, S. Denis
, A.
Hue2, G. Rouille
, L.
MOF-enabled detection
could
dramatically
improve
theLeclair
reliability, timeliness, and information content
1
à l’énergie atomique et aux énergies alternatives (CEA), France
of systems used2 Commissariat
for CTBT verification.
SEISMO WAVE, Rospez, France

Contact: paul.vincent@cea.fr

T3.1-O5
High Sensitive Xe Measurements
The French Atomic Energy Commission (CEA) has developed microbarometers to measure infrasonic waves in

the atmosphere.
To characterize its sensors and validate their requirements, several test equipment have been
Y. Popov
developed. AnLares
infrasound
generator
is used
to determine
the sensitivity of the microbarometer in the frequency
LLC, St.
Petersburg,
Russian
Federation
range from 0.0001 Hz to 300 Hz. In addition, a sealed enclosure regulated in static pressure as well as a
Contact:enclosure
yurys_popov@mail.ru
temperature regulated
allows to characterize the microbarometer’s sensitivity to the environment. The
covered
temperature
range
is
-10°C
50°C and
theaircovered
pressure
range
650 hPa to Due
1030tohPa.
Unfortunately only Xe133 is usually to
detected
in the
samplesstatic
on IMS
Noble
Gas isinstallations.
its
Results
obtained
with
microbarometers
type
MB3
and
MB2005
are
presented.
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon

concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
-5
T3.1-P11
of PSD
Methods
in and
Simultaneous
Discrimination
of 10
AlphaBq/m3. We
Xe)
resulting inComparison
MDCs for Xe131m,
Xe133,
Xe133m
Xe135 in every
sample of less than
developed a system
to purify
the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
Gamma
Radiations
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
R.design
Panahi,
Feghhi,
S. Rajabiunit,
Moghadam
presentation the
ofS.A.H.
the sample
preparation
the beta-gamma spectrometer suitable for big sample
Shahid Beheshti
University,
Tehran,
Iran
measurement together
with the first
achieved
practical
results will be presented.

Contact: s10solaris@yahoo.com
Radiation spectroscopy
of radionuclides
is of concern
in various
T3.1-O6
High Throughput
Argon-37
Field
Systemapplications. Many radionuclides of interest can

be attributed as alpha-gamma-emitters which makes it possible to be distinguished by alpha-gamma coincidence
methods. Phoswich
is a technique
which
is based on
making a coincidence
between
behaviors of
J. C. Hayes,
K. Silvers,
C. Aalseth,
T. Alexander,
H. Back, M.
Foxe, different
L. Lidey,time
J. Mendez,
sandwiched fast
and slow scintillators.
a phoswich system is presented constructed by making use of a
D. Stephenson,
R. Suarez,Here,
G. Whyatt
BC400 scintillator
the fast National
signal, and
a CsI(Tl)Richland,
for the slow
signal. A GEANT4 application has been
PacificasNorthwest
Laboratory,
WA, USA
developed for simulation studies in the design phase to optimize various factors dealing with the efficiency and
Contact: jc.hayes@pnnl.gov
resolution of detector. Pulse shape discrimination (PSD) is an essential part of the procedure and can be
performed
with analog
digital
methods.
In this project
alpha
and gamma
discrimination
performed
using
PNNL
is exploring
theoruse
of 37Ar
for detecting
nuclear
explosion,
including
for use was
in the
International
phoswich detector
digital
PSDthroughput
method. Three
digital
PSD methods system
have been
Monitoring
System and
(IMS).
A high
37Ardifferent
separation
and measurement
wascompared:
developedRise
at Time
Discrimination
Time
Discrimination
(CTD),
andgenerated
Charge from
Comparison
methodnuclear
(CC).
Pacific
Northwest(RTD),
NationalConstant
Laboratory
(PNNL)
to detect 37Ar
activity
an underground
Experiments
have
shown
that
the
CTD
method
with
less
than
0.25%
error
has
a
better
performance
in
gamma
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
classificationanthan
other methods.
surrounding
underground
nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T3.1-P12
Deployment
of Portable
Infrasound
Array
in Costa Rica
T1.1-O3
Atmospheric
Boundary
Layer as
a Laboratory
for Modeling Infrasound
Propagation
andR.Scattering
H. Villalobos
Villalobos,
Quintero in the Atmosphere

Observatorio
Vulcanológico
y Sismológico
de Costa Rica
Costa Rica2, G. Ayvazyan2
1
1
1
I. Chunchuzov
, S. Kulichkov
, V. Perepelkin
, O.(OVSICORI),
Popov1, A. Vardanyan
1
A.M.
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
hairo.villalobos.villalobos@una.cr;hvillal4@gmail.com
Federation
2
The proposed collaboration
be an important
contribution
Barva will
Innovation
Center, Talin,
Armeniafrom OVSICORI-UNA to the volcanic monitoring
in Costa Rica as it will expand the spatial coverage beyond that of the permanent International Monitoring
Contact: igor.chunchuzov@gmail.com
System infrasound component
in Latin America and the Caribbean.The installation of the portable infrasound
array station
by
PTS-CTBTO
and
OVSICORI-UNA
month oflayered
November
2018,ofinathe
North-East
of
The experimental results of studying
the effect in
ofthe
a fine-scale
structure
stably
stratifiedZone
atmospheric
Costa boundary
Rica in the
Selva
Biological
Station
Reserve.
The
deployment
and
installation
of
CTBTO
infrasound
layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
mobilemin)
system
Ricadetonation
(I69CR), would
forThe
advancing
understanding
of infrasonic
sources in the
by in
an Costa
artificial
source be
arebeneficial
presented.
verticalthe
profiles
of wind velocity
fluctuations
in Central,
Latin
American
and
Caribbean
regions.
Some
data
analyzes
of
seismic
events
near
Costa
Rica
and
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals
of
volcanic
activity
detected
close
to
the
place
of
the
portable
infrasound
station
I69CR
are
presented
with
software
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
DTK-GPMCC
NDC in boxofSHI-NIAB
2018, from
CentOS
6.9, ver
4.3. explosions by layered nonhomogeneities
similar to5.7.3,
the mechanism
scattering Mar
of signals
ground
surface
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
T3.1-P14
Mobiledifference
Radiation
Detection
System
the layerDevelopment
multiplied by of
thearelative
in effective
sound
velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
I. Miakota,
Bystrov,
V. Kozhemyakin
the signals
is studied.E.The
estimation
of the error in localization of pulsed sources is given. Acknowledgement:
ATOMTEX
SPE,
Minsk,
Belarus
This work was supported by RFBR N 18-55-05002
Contact: miakota@atomtex.com

Following the success of AT6101C Backpack-based Radiation Detector ATOMTEX SPE developed a highly
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
sensitive system AT6103 that can be used for locating the sites of nuclear incidents among other applications.
2
3 was to 4use detection devices
6
The System was supposed
to1,be
movable.
decision
based
on protected
L. Terzi
M.easily
Kalinowski
, G.The
Wotawa
, P. Saey , M. Schoeppner5, I. T.
Hoffman
1
cases integrating up toBelgian
three gamma
neutron
radiation
detection
units
and a communication device. The
Nuclearand/or
Research
Center
(SCK•CEN),
Mol,
Belgium
maximum number of2 CTBTO
detectionPreparatory
devices in one
System isVienna,
six. Connection
Commission,
Austria between the cases and the tablet PC is
3
realised by wireless technology.
It was possible
to build the
high response
by increasing the
Central Institution
for Meteorology
andrequired
Geodynamics
(ZAMG),instrument
Vienna, Austria
number of detection 4units
in
the
System
and
applying
special
data
consolidation
algorithms.
To
date the System
TU Wien Atominstitut, Vienna, Austria
5
has been developed and
certified.
The
System
is
designed
for
radiation
detection
on
land,
cargo
or
facilities with
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
GPS mapping. The System
functions
include
measurement
with
GPS
mapping,
detection,
alarm,
identification
of
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
radionuclides, extended analysis of data by GARM software, and online data transfer by ARMS software. Test
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
operation of the System
on board
a helicopter and a vehicle were successfully held as part of field tests of
CTBTO
in
radiation
contaminated
area
due toand
Chernobyl
NPPareaccident
Radiation
Cosmogenic radionuclides beryllium-7
sodium-22
known (Polesye
atmospheric
tracersEcological
and can beReserve,
used together
Belarus).
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique

allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
T3.1-P15
Development
a New
Photon/Electron
for
Radioxenon
tropopause
height due to of
rising
CO2 Compact
concentrations.
Aestival episodes Detector
of persistent
high-pressure
systems over
Europe with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the observed
Measurement
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
V. Thomas,
O. Delaune,
Topin change while providing a new modelling tool in seasonal weather
confirming
several side
effects ofS.climate
forecast.Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France

Contact: vincent.thomas31@hotmail.fr
An ultra-compact
unshielded
spectrometer
for detection
and analysis of atmospheric radioxenons has
T1.1-O5 lightweight
Detection
Efficiency
of the IMS
for Bolides
been developped. This system works at ambient temperature and has a 58 cm3 inner active volume. Atmospheric
radioxenon activitiesP.are
determined
Brown,
N. Gi with beta/gamma coincidence technique using both NaI(Tl) detectors and
large pixellized Si-PIN
detectors.
The concept
of London,
this detection
system, especially the gas cell, is partially
University
of Western
Ontario,
ON, Canada
inspired by the PIPSBox detector integrated into the SPALAX-NG (SPALAX New Generation). Carbon window
Contact: pbrown@uwo.ca
suppression allows to operate over atmospheric pressure (~2 bar) in order to enhance the detection sensivity at
the price
a slight
of the energy
performances
of the on
detection
in terms of
In ofthis
studydecrease
we examined
344resolution.
bolides The
(airbursts)
reported
the system
JPL CNEOS
website
Minimal
Detectable Activities are below 20between
mBq (12h
acquisition,
all radioxenon
of interest
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
andunshielded),
attempt toforcorrelate
these with
infrasound
(131m-Xe,133-Xe,133m-Xe
andof135-Xe).
Coupled
the SPALAX-NG
gasinfrasound
enrichment
system,
detections. We found 206
these bolides
werewith
detectable
by at least one
station
whileMinimal
only 42 were
Detectable
Concentrations
of
this
spectrometer
are
lower
than
1
mBq/m3
for
the
four
radioxenon
of
interest
(12h this
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO.
However,
acquisition,
60
m3
sampled
volume).
This
new
system
and
its
performances
will
be
presented.
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Development
of antineutrinosofisan
unaffected
by the Precipitator
environment inSystem
which for
the Radionuclide
explosion occurred. The
The
T3.1-P16
Electrostatic
antineutrinos signal
spreads
long distances from the location of the detonation through different environments.
Particle
Collection
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
E. Swanwick,
A. into
B. Chepko,
S. Stokes,Monitoring
C. Devoy, System
P. Magari
introduction ofM.
antineutrino
sensors
the International
could help to unequivocally detect
nuclear weaponCreare
tests. LLC, Hanover, NH, USA

Contact: Swanwick@creare.com
Electrostatic precipitation
an approach toNanoporosity
aerosol collection
can provide greater
operational flexibility
T3.1-O4
Exploitingoffers
the Tailorable
ofthat
Metal-Organic
Frameworks
for
and improved instrument sensitivity to accommodate future radionuclide aerosol monitoring requirements. Due
In-Situ
Identification
of
Radioisotopes
to inherently low pressure drops through the aerosol collector, an electrostatic precipitator (ESP) can

accommodate M.D.
muchAllendorf,
higher sample
flowT.rates
thanA.comparable
filter-based systems. The performance can be
P. Doty,
Wang,
Benin, J. Greathouse
dynamically adjusted
by controlling
independent
parameters,
Sandia National
Laboratories,
Albuquerque,
NM,such
USA as flow rate and the electric field strength
within the precipitator. This control allows operators to enhance or reduce particle collection in real time,
Contact:radionuclide
mdallen@sandia.gov
adjusting to changing
load conditions, and operate in a low-power mode during times of limited
power
availability.
We
present
the
development
of a new radionuclide
system
thatlow
employs
a custom
Radioactive xenon isotopes are signatures of clandestine
underground collection
nuclear tests.
Their
concentrations
electrostatic
precipitator
and
sample
handling
system
to
interface
with
existing
and
new
detector
systems.
Our
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
aerosol
collector
realizes
significant
power
savings
over
existing
radionuclide
aerosol
collection
systems,
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
minimizes
sample cross-contamination,
provides
opportunity
to enhance
detection
instrument
sensitivity
samples,
information
concerning the time,and
location,
abundance
of specific
isotopes
produced
in the event
can be
through
more
compact
samples
and
higher
sampling
flow
rates.
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will

describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalOrganic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs
possessDistributed
a combinationFiber
of properties
among
nanoporous
materials. Noise
First, their
ultrahigh surface
T3.1-P17
Optic unique
Seismic
Sensors
with Seismic
Floor
areas facilitatePerformance
selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
C. Minto
applications (e.g.,
to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
Ltd,
Farnbrough,
xenon isotopesOptaSense
virtually in
real
time whenUnited
used inKingdom
a novel high-pressure detection system we designed. Our
MOF-enabled Contact:
detection chris.minto@optasense.com
concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.
Fiber Optic Sensors for Seismic monitoring are commonplace in the oil and gas community and are used for
understanding seismic profiles in well bores and from one dimensional surface measurements. Recently they
have been used
in high
profile Xe
academic
work to monitor and measure the effect of earthquakes with the
T3.1-O5
High
Sensitive
Measurements
proposal being to exploit existing the infrastructure of telecommunications fiber optics as an early warning
systems in theY.San
Andreas fault, California. Current advances in interrogator design bring the performance of
Popov
Lares to
LLC,
Petersburg,
Russian
Federation
such devices down
the St.
seismic
noise floor
in the
sub Hz region with dedicated designs indicating a route to
performance significantly below the seismic noise floor. Additionally, over 30,000 km of installed monitoring
Contact: yurys_popov@mail.ru
capability now exists of installed vibrational monitoring capability in a wide range of geographic locations with
extended baselines
routinely
delivers
earthquake
to asset
owners
suchGas
as pipelines
or railroads.
Unfortunately
only that
Xe133
is usually
detected
in theevidence
air samples
on IMS
Noble
installations.
Due to We
its
present thehigher
conceptconcentration
of using this sensing
base as a with
potential,
additional,
lowerisotopes.
performance
widespread
and
relatively
in comparison
metastable
xenon
The but
metastable
xenon
growing resource
listening
sensors.
concentrations
areof
a few
orders
of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed
to purify theSetup
Xe sample
a Xe-Kr
is accumulated
as a by-product
during
T3.1-P18a system
Experimental
andfrom
Results
of mixture
Xenonwhich
Sorption
Characteristics
Research
oxygen and nitrogen
production
from
atmospheric
air
at
different
types
of
air
separation
plants.
During
the
for a Number of Adsorbents
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement together
with the
achieved
results N.
willGoryacheva,
be presented.M. Orlov, V. Probylov,
M. Chernov,
D. first
Ergashev,
O.practical
Gerasimchuk,
N. Sidorov, A. Simutin, D. Timofeev, O. Tkachev, V. Udalov
All-Russia Research Institute of Automatics named after N.L. Dukhov (VNIIA), Moscow, Russian
Federation
T3.1-O6 High Throughput Argon-37 Field System

Contact: myuchernov@hotmail.com
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
Stephenson,
R. Suarez,
G. Whyatt
A comparativeD.study
of methods
for extracting
xenon from atmospheric air led to the choice of Pressure Swing
Pacific
Northwest
National
Laboratory,
Richland,
USA system for noble gas field sampling
Adsorption (PSA) technology as the basis for development
of aWA,
prototype
directly on traps
during jc.hayes@pnnl.gov
on-site inspection. The choice of sorbent to use in the system prototype was proposed to
Contact:
be carried out experimentally, by comparative measurements of the sorbing properties of various sorbents. A
PNNL
is exploring
37Ar for
detecting
nuclear explosion,
for use inwhich
the International
description
of the testthe
beduse
andofresearch
program
is provided.
The resultsincluding
of the experiments,
make allow
Monitoring
System
(IMS).
A highofthroughput
separation
and measurement
system was have
developed
at
evaluating the
sorbing
properties
a number 37Ar
of sorbents
for xenon,
are given. Conclusions
been made
that
Pacific
Northwest National
Laboratory (PNNL)
to detect
37Arand
activity
generated solutions
from an underground
nuclear
allow proceeding
to the development
of appropriate
design
technological
for the design
of a
explosion.
Argon-37
is angas
activation
product
generated
when
neutrons
with calcium in the soil
prototype system
for noble
field sampling
directly
on traps
during
on-site interact
inspection.
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T3.1-P19
FaultAtmospheric
IdentificationBoundary
Using Seismic
Indonesia
T1.1-O3
LayerData
as a Monitoring
Laboratory in
forJakarta,
Modeling
Infrasound
Propagation
Scattering
in theH.Atmosphere
W. Setyonegoro,
A.A.and
Martha,
Y.H. Perdana,
Sulistyo

1
2
Indonesian
Agency for1,Meteorology,
and 1Geophysics
National
I. Chunchuzov
S. KulichkovClimatology
, V. Perepelkin
, O. Popov1(BMKG),
, A. Vardanyan
, G. Ayvazyan2
1
Seismological
Center,
Jakarta,
Indonesia
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian

Federation
Contact:
wiko_setyonegoro@yahoo.co.id;wiko.setyonegoro@bmkg.go.id
2
Barva Innovation Center, Talin, Armenia
For the seismic activity monitoring and verification of the existence of faults in the Jakarta area, site surveys
igor.chunchuzov@gmail.com
have been conducted,Contact:
signal background
noise test (signal feasibility monitoring), permission and installation of
17 seismograph
type
Lennartz
in
DKI
Jakarta,
and layered
Bekasi Regency
performed.
Activities
The experimental results of studying the South
effect Tangerang
of a fine-scale
structure were
of a stably
stratified
atmospheric
startedboundary
with sitelayer
surveys
(location
selection
coordinates
placement
of
seismograph
Lennartz
equipment
for
(ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period
(1
earthquake
monitoring)
from
June
26
2018
to
November
30
2018.
Data
processing
was
carried
out
using
signals
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
from 26
microtremor
signal
samples
alongretrieved
the location
of the
faultwave
fault forms
management
fromtimes
Tangerang
thin
layers of the
ABL
have been
using
and travel
of the Selatan,
recordedSouth
arrivals of
Jakartapulses
and Bekasi
Regency.
Until
December
3,
2018,
the
earthquake
monitoring
data
were
processed
andABL is
from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified
searched
for
earthquake
events
using
Lassie
software
and
quality
control
was
carried
out
using
SeiscomP.
The
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
resultsofofwind
thisvelocity
data processing
were in
verified
with results
research ofThe
Landsat
and temperature
the stratosphere
and from
lower the
thermosphere.
role of imagery
similarityfrom
parameter
Harsolumakso,
and verified also
with Baribis
fault identification
from Koulali,
andis validated
with
here place2001,
the dimensionless
thickness
of the reflecting
nonhomogeneous
layers,2016
which
the vertical
scale of
contour
microgravity
density
and relative
geological
and fault in
conditions
Jakartavelocity
from Koulali,
2017.
theof layer
multiplied
by the
difference
effectiveinsound
and normalized
by the vertical

wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work
was supported
by RFBR
N 18-55-05002
T3.1-P20
Future
of Aerosol
Radionuclide
Monitoring

H. Miley1, J. Burnett1, A. B. Chepko2, C. Devoy2, P. Eslinger1, J. Forrester1, J. Friese1,
L. Lidey1, S. Morris1, B. Schrom1, J. Smart1, S. Stokes2, M. E. Swanwick2, G. Warren1
1
T1.1-O4
Climate
Change
the
Eyes ofWA,
Radioisotopes
Pacific
Northwest
NationalThrough
Laboratory,
Richland,
USA
2
1
2
3
4
Creare
LLC,
Hanover,
NH,
USA
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6

1
Belgian
Nuclear Research Center (SCK•CEN), Mol, Belgium
Contact:
harry.miley@pnnl.gov
2
CTBTO Preparatory Commission, Vienna, Austria
3 Northwest National Laboratory (PNNL) developed the Radionuclide Aerosol Sampler
In the 1990s, Pacific
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4 worldwide aerosol monitoring. For the last several years, staff of PNNL and Creare have
Analyzer (RASA) for
TU Wien Atominstitut, Vienna, Austria
made investigations 5 into
aspectsof of
upgrading
the RASA.
Key Life
themes
have(BOKU),
been a Vienna,
modularAustria
approach to
University
Natural
Resources
and Applied
Sciences
6
additional radionuclide
measurements,
optimizing
the
sampling/analyzing
times
to
improve
detection
and
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
location capability, and improving the power consumption via the use of electrostatic collection versus classic
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
filtration. These individual
efforts
have been made in the context of retrofits to the existing RASA. In in this
work, Cosmogenic
we consider aradionuclides
complete RASA
redesignand
at asodium-22
notional level.
Individual
studies reported
contain
theory
beryllium-7
are known
atmospheric
tracers here
and can
be used
together
and experimental
investigations,
but
none
of
these
has
been
tested
with
the
others,
and
further
work
is
needed
to
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
verify allows
these gains.
With
these caveats,
this work
shows thatcells.
substantial
optimization
of detection
and location
to study
progression
and speed
of atmospheric
Data show
that the cells
are decelerating
during the
capability
of
a
network
of
RASA
systems
is
possible,
multiple
mission
spaces
can
be
addressed
with
additional
summer period which is extending in time. This is caused by warming of the whole troposphere
and increased
measurements,
and
electrostatic
collection
is a practical advantage,
althoughofmore
work high-pressure
is needed. Thesystems
quite over
tropopause
height
due to rising
CO2 concentrations.
Aestival episodes
persistent
unexpected
result
of
this
study
is
that
some
optimization
of
the
existing
RASA
is
possible
without
any
hardware
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
changes
at all.
deceleration
of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for

confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T3.1-P22 Hyper-Sensitive Gamma Spectrometry – Approaching the Ultimate Limit
R. Britton, A. Davies

T1.1-O5
Detection Efficiency
of the
IMS for Bolides
AWE Aldermaston,
Reading, United
Kingdom
P. Brown,
N. Gi
Contact:
rich.britton@awe.co.uk
University of Western Ontario, London, ON, Canada
The Comprehensive Nuclear Test-Ban Treaty (CTBT) International Monitoring System (IMS) provides a
Contact: pbrown@uwo.ca
network of 120 Radionuclide
detection systems, strategically positioned around the globe with the aim of
detecting
radionuclide
emissions
from nuclear
The UK CTBT
laboratory
(GBL15,
at the
In this study we examined
344 explosions.
bolides (airbursts)
reported
on the
JPL based
CNEOS
website
Atomic(https://cneos.jpl.nasa.gov/fireballs/)
Weapons Establishment, UK) routinely
monitors
this
network
for
the
UK
government,
assessing
events,
between 2007-2018 and attempt to correlate these with infrasound
reviewing
data, and
re-measuring
IMSbolides
samples
from
aroundbythe
world.
laboratory
alsowhile
undertakes
detections.
We found
206 of these
were
detectable
at least
oneThe
infrasound
station
only 42 were
substantial
research,
with
the
aim
of
increasing
the
overall
sensitivity
of
the
monitoring
regime.
This
submission
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
will discuss
the monitoring
regime, is
andless
thethan
potential
gains that
yet 2014-2018)
to be
global the
REBimprovements
detection ratepossible
of ~10%for
averaged
from 2007-2018
the "modern"
rateare
(from
made. which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Improvement
of antineutrinos of
is Energy
unaffectedResolution
by the environment
in which in
theRadioxenon
explosion occurred. The
The
T3.1-P23
of Beta Detector
antineutrinos signal
spreadsSystem
long distances
from the location of the detonation through different environments.
Detection
(INGAS)
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
Doost Mohammadi,
Afarideh
introduction ofV.
antineutrino
sensors intoH.the
International Monitoring System could help to unequivocally detect
University of Technology, Tehran, Iran
nuclear weaponAmirkabir
tests.

Contact: v.doostmohammadi@gmail.com
The INGAS Exploiting
detection system
for measurement
of radioxenon
isotopes has been
developed. for
In this
T3.1-O4
the Tailorable
Nanoporosity
of Metal-Organic
Frameworks
system, gamma-rays and beta particles are detected by a well-type NaI(Tl) crystals and plastic scintillator,
In-Situ Identification of Radioisotopes
respectively. The beta detector is a hollow cylindrical plastic scintillator that contains gaseous radioactive
source. This M.D.
geometry
can affect
the energy
resolution
of J.
theGreathouse
beta detector. The capability of GATE 7.0 to
Allendorf,
P. Doty,
T. Wang,
A. Benin,
transport the Sandia
optical National
photon was
used to study
and improve
energy resolution. The effects of main optical
Laboratories,
Albuquerque,
NM,the
USA
parameters such as reflector type and detector dimension on the energy resolution were considered by injection
of 131mXe inContact:
the beta mdallen@sandia.gov
cell. The results show that the improved energy resolution of beta detector at the
energy
of
129
keV
conversion
electron is of
37%.
Radioactive xenon isotopes are signatures
clandestine underground nuclear tests. Their low concentrations

remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
T3.1-P25
Investigating
Detection
Atmospheric
Radioxenon
samples,
information
concerningNew
the time,
location,Mediums
abundance for
of specific
isotopes produced
in the event can be
lost. Consequently,
detection strategies are needed that enable much more rapid isotope identification. We will
Measurements
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalA. Farsoni,
S. Czyz,
Gadeytailorable class of sorbents with surface areas as high as 7000 m2/g.
Organic Frameworks
(MOFs),
a new,H.highly
State University,
Corvallis,
USA nanoporous materials. First, their ultrahigh surface
MOFs possess Oregon
a combination
of properties
uniqueOR,
among
areas facilitate Contact:
selective abi.farsoni@oregonstate.edu;abi.farsoni@gmail.com
adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications
(e.g., to selectively
adsorb Xe).
We demonstrate
MOFsare
enable
the identification
of radioactive
Several radioxenon
isotopes (Xe-131m,
Xe-133,
Xe-133m, that
Xe-135)
characteristic
byproducts
of nuclear
xenon
isotopes
in real
usedininspecific
a novelratios
high-pressure
detectionacts
system
designed.
Our
explosions,
andvirtually
the presence
of time
thesewhen
isotopes
in the atmosphere
as a we
clear
tracer which
MOF-enabled
detection concept
could dramatically
the reliability,
timeliness,
content
allows the Comprehensive
Nuclear-Test-Ban
Treatyimprove
Organization
(CTBTO)
to verifyand
the information
nuclear nature
of a
of
systems used
for CTBT
verification.
clandestine
explosion.
These
isotopes can be discriminated from background and detected at extremely low
concentrations (< 1 mBq/m3 air) via exploitation of their distinct beta-gamma coincidence decay signatures. At
Oregon State University, we have recently developed three compact and relatively low-cost radioxenon detectors
to improve reliability
and maintainability
of current radioxenon detection systems employed at the International
T3.1-O5
High Sensitive
Xe Measurements
Monitoring System. Our detectors utilize new detection mediums (Stilbene+SiPM, SrI2+SiPM, co-planar CZT,
and PIPS detectors)
to measure xenon radioisotopes via beta-gamma coincidence technique. In this presentation,
Y. Popov
we will present
the design
detectors and
also discuss
our preliminary experimental results using (1) StilbeneLares
LLC, St.ofPetersburg,
Russian
Federation
CZT, (2) PIPS-CZT, and (3) PIPS-SrI2 radioxenon detectors.
Contact: yurys_popov@mail.ru
Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
relatively
in comparison
with metastable
xenon Applications
isotopes. The metastable xenon
T3.1-P26higher
Newconcentration
Lobular Detection
Technology
and Possible
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
P. C. Florido,
Nuñes,
L. Nassif
distances. The M.
newMarchioni,
proposed method
uses Xe M.
samples
of E.
large
volumeINVAP
for each measurement (>100 ccm of pure
S.E.,
Bariloche,
Argentina
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
Contact:
mmarchioni@invap.com.ar;martmarchioni@gmail.com
oxygen and nitrogen
production
from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
Accurate knowledge
of gamma
fields generated
by strategic materials, orphan sources,
measurement
together with
the first radiation
achieved practical
results willeither
be presented.
environmental natural radiation (NORMS), decommissioning activities, as well as monitoring of radiation
leakages, is essential for national regulatory agencies, border safety controls and custom administrations.
Currently existing gamma cameras are not yet fully useful to meet the necessary conditions for most of these
T3.1-O6
High
Throughput
Field System
activities. A new
concept
of "gammaArgon-37
vision", developed
by INVAP, uses lobular detection geometry for real
time reconstruction of gamma radiation fields. This technology enables the application of the main design
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
concept with several types of detectors, which allow to actually see dose rate from the background levels,
D. Stephenson, R. Suarez, G. Whyatt
tipically 0.1µSv/h, up to values of 1Sv/h. In this work, some applications using the presented technology are
Pacific Northwest National Laboratory, Richland, WA, USA
shown and described, among them: Radiation Image Portal Monitors, to detect illicit traffic of radioactive
Contact:
jc.hayes@pnnl.gov
sources. Our new
concept
allows to detect said sources and reconstruct, on real time, the image of the radiation
field and accurately locate smuggled radiation sources. Gamma Handheld or Mobile Camcorders allowing to
PNNL
is exploring
the use of
37Ar
detecting
nuclear
explosion,
including
for use inshift
theinInternational
know the
real time absorbed
dose
and for
to track
hot spots
in real
time, triggering
a paradigm
radiological
Monitoring
System
(IMS).
A
high
throughput
37Ar
separation
and
measurement
system
was
developed
at
protection as we know it today.
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Boundary Layer
a Laboratory
for Modeling
T3.1-P27
Next Atmospheric
Generation Low-Power
HPGeas
Gamma-Ray
Spectrometer
to Infrasound
Improve
Propagation
and
Scattering
in
the
Atmosphere
IMS Particulate Radionuclide Station Reliability
1
1
I. Chunchuzov
, S.Drury,
Kulichkov
, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
S. Kreek,
M. Burks, O.
G. Kim
1
A.M.
ObukhovNational
InstituteLaboratory,
of Atmospheric
Physics,CA,
Russian
Lawrence
Livermore
Livermore,
USA Academy of Science, Moscow, Russian
Federation
2
Contact:
kreek1@llnl.gov;mulleda1@llnl.gov
Barva
Innovation Center, Talin, Armenia

Contact: igor.chunchuzov@gmail.com
LLNL developed a low-power
and long-lifetime solution to improve reliability of high-purity germanium-based
(HPGe) gamma-ray detectors in International Monitoring System (IMS) particulate radionuclide stations. HPGe
The experimental
results
studyingunder
the effect
of a fine-scale
layeredtemperatures
structure of (77
a stably
atmospheric
is a semiconductor
that must
beofoperated
high vacuum
at cryogenic
- 100stratified
K) for energyboundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
resolution analysis of gamma-rays emitted by radionuclides. The challenge is that HPGe detectors often fail after
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
a station power outage because, with the return of power/cooling, impurities condense on the semiconductor in the
layers
the ABL
have been
and travel
of thepower
recorded
arrivals of
surfacethin
inside
theofvacuum
cryostat.
Oneretrieved
solution using
is to the
not wave
let theforms
detector
warm times
up during
failures,
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
however, existing HPGe detectors require too much power. LLNL has developed a high-efficiency (140%)ABL is
the mechanism
scattering
signals
from
surfacethe
explosions
by layered nonhomogeneities
HPGe similar
detectortowhich
requires asoflittle
as 12-20ofW
cooling
andground
could replace
higher-power-requiring
detector
of
wind
velocity
and
temperature
in
the
stratosphere
and
lower
thermosphere.
The
role of similarity
parameter
component in IMS stations. The LLNL system requires only 10-25% of the power of current
mechanicallyplace
dimensionless
thickness
of the
nonhomogeneous
layers, which
the verticalthe
scale of
cooledhere
HPGe
of the
similar
size and could
be kept
coldreflecting
via a small
solar cell and battery,
therebyis improving
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
likelihood the IMS station will fully recover with restoration of power. Engineered for space applications andvertical
wavelength.
effect
such inhomogeneities
the HPGe
temporal
fluctuations
of the azimuth
and arrivaland
times of
environments,
this The
poster
will of
discuss
the current state on
of the
systems,
the operational
characteristics,
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
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T3.1-P28 Project PIM: A Low-Cost Mobile Seismo-Acoustic Sensor for Geophysical
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
Deployments

L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
O.F.C.1 Belgian
den Ouden,
C. Oudshoorn, J. Assink, L. Evers
Nuclear Research Center (SCK•CEN), Mol, Belgium
Royal 2Netherlands Meteorological Institute (KNMI), De Bilt, the Netherlands
CTBTO Preparatory Commission, Vienna, Austria
3
Contact:
olivierdenouden@gmail.com
Central
Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
In this work, we present
the "Pressure
and Initial
Measurement"
measurement
board.
The goal
of project
University
of Natural
Resources
and Applied(PIM)
Life Sciences
(BOKU),
Vienna,
Austria
PIM is to develop a6low-cost
measurement
board
with
multiple
seismo-acoustic
digital
sensor
and
to
compare
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
them with existing high-fidelity equipment. PIM is designed using Micro-electromechanical Systems (MEMS)
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
sensors. The sensorsContact:
on the measurement
board are an absolute pressure sensor, differential pressure sensor and
an accelerometer. The board can be placed on top of a Raspberry Pi which serves as a datalogger. Printed circuit
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
boards (PCB) have been designed to connect MEMS to the Raspberry Pi. All components of PIM are cheap,
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
have a low energy consumption and have a small dimension. This allows for a versatile sensor that can be used
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
for geophysical field studies, i.e. as mobile sensor arrays or in areas where the security of a deployed sensor is
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
less guaranteed. Besides introducing a low-cost seismo-acoustic mobile sensor, we present the outcome of
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
several calibration tests. The calibration protocol for PIM is based on the calibration protocol of the Royal
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
Netherlands Meteorological Institute.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T3.1-P29 PVA Nanofibers Based Microfluidics Chip for Detection and Absorption of
Nuclear Radioactive Solutions Y
T1.1-O5
Detection Efficiency of the IMS for Bolides
M. Qasim1, A. Aziz2
1

Konkuk
University
, Seoul, Republic of Korea
P. Brown,
N. Gi
SmartUniversity
City and Construction
Engineering
Department,
Korea Institute of Civil Engineering and
of Western Ontario,
London,
ON, Canada
Building Technologies, UST, Goyang-si, Republic of Korea
Contact: pbrown@uwo.ca
Contact: qasimattock@gmail.com
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
Radioactive
wastes are usually by-productsbetween
of nuclear
power generation
andtoother
applications
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
and attempt
correlate
these of
withnuclear
infrasound
technology,
such
as
research
and
medicine.
Previous
sampling
techniques
required
sample
volumes
ranging
detections. We found 206 of these bolides were detectable by at least one infrasound station while
only in
42 were
the tens
of millilitersregistered
and posesasapart
highoflevel
risk of radiation
exposure(REB)
to analytical
personnel
and equipment.
automatically
the Reviewed
Event Bulletin
issued daily
by CTBTO.
However, this
Nanotechnology
provided
structures
oxidative
engineering
global REBhas
detection
ratevarious
of ~10%
averagedwhich
from reduce
2007-2018
is lessdamage
than thein"modern"
rate applications
(from 2014-2018)
with great
efficiency.
Here
we
have
developed
water
stable
PVA
nanofibers
and
used
them
for
two purpose,
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts
are reported in
adsorption
of nuclear
radioactive
waste
coating their
with
a naturalstations.
zeolite All
(clinoptilolite)
to energy
treat > 2
the REB,
while more
than 90%
areby
detectable
at onesurface
or more
infrasound
airbursts with
contaminated
wateron
and
we patterned
PVA2007
nanofibers
in nano
rods and
labeled themHowever,
with radiotracer
kT reported
thesecond
JPL fireball
site since
have been
detected
infrasonically.
the REB(2-is only
[18F] complete
fluoro-2-deoxy-Dglucose
([18F]FDG)
) and closed
them
in microfluidics
for the
testingfour
of positron
above 15 kT with
the automated
detection
system
not having chip
reported
at least
airbursts with
emission tomography (PET) radiopharmaceuticals. When fluid baths these nano roads emit positrons and they
2
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bind emission
with radiotracer.
Radio signals
are detectedbybythe
dosimeters.
Our nanofibers
system
showed occurred.
a significantly
of antineutrinos
is unaffected
environment
in which the
explosion
The
The
enhanced
ions
exchange
absorption
by
clinoptilolite,
for
the
treatment/decontamination
of
water
contaminated
antineutrinos signal spreads long distances from the location of the detonation through different environments.
withpropose
radionuclides
andatdetected
radioactivity
signal
whenof radioactive
fluid injected
in
We
to builde.g.134Cs,137Cs
a 1 km3 detector
the South
Pole for the
purpose
detecting nuclear
tests. The
microliters. This
technologysensors
can help
to the
clean
drinking water
and detection
radioactive
compound withdetect
very
introduction
of antineutrino
into
International
Monitoring
System of
could
help to unequivocally
small volume
sample and reduce exposure time.
nuclear
weaponoftests.

T3.1-P30 Exploiting
Radiation Detection
for OSI
- A Study of
Neutron
Detectors for
T3.1-O4
the Tailorable
Nanoporosity
ofNon-He-3
Metal-Organic
Frameworks
In-Situ
Identification
M.C. Bornhöft,
T. Köble, of
O. Radioisotopes
Schumann, M. Risse, H. Friedrich, W. Berky, W. Rosenstock
Fraunhofer-Institut
Naturwissenschaftlich-Technische
Trendanalysen INT, Euskirchen,
M.D.
Allendorf, P. für
Doty,
T. Wang, A. Benin, J. Greathouse
Germany
Sandia National Laboratories, Albuquerque, NM, USA
Contact: mdallen@sandia.gov
marie.charlotte.bornhoeft@int.fraunhofer.de
Contact:

Within the past
a significant
shortage
of He-3 and
consequently
an tests.
enormous
in cost has
Radioactive
xenondecade
isotopes
are signatures
of clandestine
underground
nuclear
Theirincrease
low concentrations
occurred.
Detectors
equipped
with
He-3
are
widely
used
in
neutron
detection
applications,
e.g.
by first
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
responders,
during
on-site
inspections,
and
in
other
applications
where
nuclear
and
radioactive
material
has
to be
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
detected,
localized
and
possibly
identified.
Therefore
replacement
materials
need
to
be
considered,
selected,
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
implemented
in corresponding
detectors,
thoroughly
tested.much
Another
the field of hand-held
lost.
Consequently,
detection strategies
areand
needed
that enable
moredevelopment
rapid isotopeinidentification.
We will
radiation
detection
devices
focuses
on
simultaneous
neutron
and
gamma
ray
detection
with
single scintillator.
describe in-situ radioisotope identification by beta-gamma coincidence in a portable systemaenabled
by Metal2
This mayFrameworks
lead to a new
type ofa small
and efficient
hand-held
non-He-3
/g.
Organic
(MOFs),
new, highly
tailorable
class ofdevices,
sorbentsutilizing
with surface
areasneutron
as high detection.
as 7000 mThe
outcome
of
a
study
of
the
scintillators
CLYC
and
CLLB
which
allow
a
simultaneous
measurement
of
gamma
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
and neutron
be presented
in this
contribution.
with
a neutronstructuredetector
areas
facilitateradiation
selectivewill
adsorption
of weakly
interacting
gases Additionally,
such as xenon.results
Second,
established
implemented
in
a
wearable
Radiation
Isotope
Identifier
Device
(RIID),
the
D3S
from
Kromek,
will
be
shown.
function relationships governing MOF gas uptake enable rational design of materials optimized for specific
Differences
in
the
detection
of
neutron
radiation
will
be
explored
and
analyzed
regarding
their
potential
use in
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
on-site
inspections.
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.

T3.1-P31 Radioactive Gas Metrology at NPL and the Development of Short-Lived Gas
Standards
T3.1-O5 High Sensitive
Xe Measurements
1
1
1
1
1
1
1

S.J. Bell , M. Abilama , T. Bacquart , A. Boso , S. Collins , F. Farrow-Dunn , P. Ivanov ,
2
3
1
1
4
1
S. Jerome
Y.
Popov , Y. Morimoto , N. Roberts , B. Russell , Y. Sakakibara , P. Salvador-Castineira ,
4
1
4
3
R. Petersburg,
Shearman ,Russian
T. Shibutani
, Y. Toriyabe
K. Sasaki
Lares
LLC,, St.
Federation
1
National Physical Laboratory, Teddington, United Kingdom
2
Contact:
yurys_popov@mail.ru
International
Atomic Energy Agency, Vienna, Austria
3
Hitachi-GE
Nuclear
Wilmington,
USA on IMS Noble Gas installations. Due to its
Unfortunately 4only Xe133 is usuallyEnergy,
detected
in the air NC,
samples
Hitachi,
Tokyo,
Japan
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon

concentrations Contact:
are a few steven.bell@npl.co.uk
orders of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
NPLresulting
maintaininthe
UK’s for
primary
standards
of Xe133m
radioactivity;
including
radioactive
gasofstandards.
of
Bq/m3. We
Xe)
MDCs
Xe131m,
Xe133,
and Xe135
in every
sample
less than Gas
10-5 standards
H-3, C-11,a system
C-14, Kr-85
andtheXe-133
are realised
by means
of which
absolute
counting using
series of lengthdeveloped
to purify
Xe sample
from a Xe-Kr
mixture
is accumulated
as aaby-product
during
compensated
internal-gas
proportional
These
aretypes
used of
forair
theseparation
calibrationplants.
of stack,
area and
oxygen
and nitrogen
production
from counters.
atmospheric
air standards
at different
During
the
environmental
an overview
capability
in the areas
of radioactive
gas
presentation
the monitors.
design of Presented
the sampleispreparation
unit,oftheNPL’s
beta-gamma
spectrometer
suitable
for big sample
measurement together
and radioactivity-in-air
monitoring.
overview
will include details of a planned intermeasurement
with the first achieved
practicalThe
results
will be presented.
comparison of Xe-133 and recent work to produce and standardise the short lived fission and activation product
gases Ar-41, Kr-85m, Kr-87, Kr-88 and Xe-135 for the calibration of a Fukushima NPP criticality monitor.

T3.1-O6

High Throughput Argon-37 Field System

C. Hayes, K. Collection
Silvers, C. Aalseth,
Alexander, H.Xenon-Adsorbing
Back, M. Foxe, L. Lidey,
J. Mendez,
T3.1-P32 J.Radioxenon
UsingT.Synthetized
Material
for
D.
Stephenson,
Suarez, G. Whyatt
Nuclear
TestR.Monitoring

Pacific Northwest National Laboratory, Richland, WA, USA
S. Kreek,jc.hayes@pnnl.gov
S. Sangiorgio
Contact:
Lawrence Livermore National Laboratory, Livermore, CA, USA
PNNL is exploring
the kreek1@llnl.gov;mulleda1@llnl.gov
use of 37Ar for detecting nuclear explosion, including for use in the International
Contact:
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific
National
Laboratory (PNNL)
to detect
37Arfor
activity
generated
from an xenon
underground
nuclear
LLNL Northwest
is researching
a metal-organic
framework
material
collecting
radioactive
isotopes
from
explosion.
is applications
an activationin product
generated
when
interact
with acalcium
in the soil
atmosphericArgon-37
raw air for
the context
of nuclear
testneutrons
monitoring.
By using
recently-synthetized
surrounding
an underground
explosion.
gas, adsorption
argon is unreactive
andcycle
migrates
the
xenon-adsorbing
material, innuclear
combination
withAsana noble
advanced
processing
in athrough
structured
earth
and can
into the has
atmosphere
with of
thereducing
radioxenon
fission gases
that are also
during a
adsorbent
bed,bethereleased
LLNL concept
the potential
the footprint
and improving
theproduced
energy-efficiency
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Atmospheric
Boundary
Layer
as a Laboratory
for ModelingThe
Infrasound
of radioxenon
systems
by allowing operation
at room
temperature
and with no pre-processing.
high-xenon
selectivity of the adsorbent
material and
and its
insensitivityintothe
water
are key enabling features in adsorbing xenon
Propagation
Scattering
Atmosphere
from raw unprocessed air at room1 temperature. 1This poster will1 discuss the
current state of the material
1
Chunchuzov
, S.
Kulichkov
, V. Perepelkin
, O. Popov
, A. Vardanyan2, G. Ayvazyan2
characterization, the I.
system
modeling,
and
possible applications
of relevance
to CTBT.
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
2
Barva Innovation Center, Talin, Armenia
T3.1-P33 Report on SPALAX-NG Validation Tests and Performances

Contact: igor.chunchuzov@gmail.com
S. Topin, G. Le Petit, T. Philippe, A. Cagniant, O. Delaune, P. Gross, G. Douysset, C. Moulin
The experimental
results
of studying
the effect
of aénergies
fine-scale
layered structure
of a stably stratified atmospheric
Commissariat
à l’énergie
atomique
et aux
alternatives
(CEA), France
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
sylvain.topin@cea.fr
min) byContact:
an artificial
detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin
layers
of
the
ABL
beenGeneration
retrieved using
the wave
forms
and travel times
of the
recorded
arrivals of
The first industrial prototype ofhave
the new
SPALAX
system
(SPALAX-NG)
has been
delivered
at CEA
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
in December 2017. This system is dedicated to continuous detection and measurement of xenon radioisotopes inABL is
similar to It
thehas
mechanism
of scattering
of signals
fromSPALAX
ground surface
layeredAfter
nonhomogeneities
the atmosphere.
been designed
to upgrade
the current
system explosions
on the IMSby
network.
several
velocity and
in the stratosphere
andbeen
lowerlaunched
thermosphere.
Theinrole
of similarity
parameter
monthsofofwind
optimization,
an temperature
official validation
test period has
with PTS
October
2018 for
6
place
the dimensionless
thicknessAfter
of thecompletion
reflecting of
nonhomogeneous
which is the
vertical scale of
monthshere
at the
developer
facility (CEA/DIF).
this first period,layers,
the outstanding
performances
layer
by thewith
relative
difference
sound
velocity
and normalized
the vertical
of the the
system
aremultiplied
well established
detection
limits ofin~ effective
0.2 mBq.m-3
(8 hour
collection)
for the fourbyrelevant
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times of
radioxenon isotopes. Taking benefit of the high resolution and the low background of the new spectrometer, the
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
system is able to separate unambiguously the contribution of each isotope. These performances give a new
This work
supportedbackground
by RFBR Nknowledge
18-55-05002
perspective
on thewas
radioxenon
in Western Europe.

T1.1-O4
Climate
Through
the Eyes
T3.1-P34
Results
from aChange
6-Month
Acceptance
TestofofRadioisotopes
the SAUNA III - Prototype
1

2

3

4

5

6

L. TerziA., M.
Kalinowski
, G. Wotawa
, P. SaeyH., M.
Schoeppner
, I. T. Hoffman
A. Ringbom,
Axelsson,
T. Fritioff,
J. Kastlander,
Olsson,
M. Aldener
1
Belgian
Nuclear
Research
Center
(SCK•CEN),
Mol, Belgium
Swedish
Defence
Research
Agency
(FOI),
Stockholm,
Sweden
2
CTBTO Preparatory Commission, Vienna, Austria
3
Contact:
anders.ringbom@foi.se
Central
Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
In compliance with5 the acceptance process for the next generation noble gas systems, the SAUNA III –
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
prototype at FOI has6undergone a six-month evaluation in cooperation with the PTS. The system was allowed to
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
run in routine operation, and was also further tested using radioactive xenon injections at the beginning and at
the end of the test period.
Results
from the tests will be presented.
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
T3.1-P35
The
First
Prototype cells.
for aData
Noble
Adapted
for an
allows toSAUNA-CUBE:
study progression and
speed
of atmospheric
showGas
that System
the cells are
decelerating
during the
summer Array-Network
period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due
concentrations.
Aestival 1episodes of persistent
high-pressure
systems over
1 to rising CO2
1
1
A. Ringbom
, M. gradients
Aldener1,that
A. Axelsson
, T. Fritioff
, C.
F. Hellesen1,are
L. Karlkvist
,
Europe with
low pressure
led
to
almost
stationary
thunderstorms
correlated
with
the observed
1
1
2
2
, H. Olsson
, H. Berglund
, V. Höglin2, that
O. Petterson
J. Kastlander
deceleration
of
atmospheric
cell
movement.
This
demonstrates
7Be
and
22Na
can
be
used
as
indicators
for
1
Swedish
Research
Agencychange
(FOI), Stockholm,
Sweden
confirming
severalDefence
side effects
of climate
while providing
a new modelling tool in seasonal weather
2
forecast. Scienta Sensor Systems, Uppsala, Sweden
Contact: anders.ringbom@foi.se

A detection network consisting of arrays of less complex noble gas measurement systems at selected sites,
Detection
Efficiency
of the
IMS for
Bolides
would,T1.1-O5
at comparable
cost, have
a verification
capability
superior
to the current IMS noble gas network
configuration. Such aP.network
would
also
be
more
reliable,
redundant,
and
easier to maintain. The first industrial
Brown, N. Gi
prototype of a nobleUniversity
gas system
adapted
for
an
array
network
SAUNA-CUBE
– has been manufactured and
of Western Ontario, London, ON, Canada
tested. Although the system design is based on many years of operation of the SAUNA concept, the concept is in
pbrown@uwo.ca
many ways new, andContact:
presented
many challenges.The system design and functionality will be presented, along
with the initial test results and further plans.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Status
of antineutrinos
is unaffected
by the environment
The
T3.1-P36
of Infrasound
and Seismic
Metrology in
at which
CEA the explosion occurred. The
antineutrinos signal spreads long distances from the location of the detonation through different environments.
Larsonnier
We propose toF.build
a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
à l’énergie
et aux énergies
alternatives
(CEA),
France
introduction ofCommissariat
antineutrino sensors
into atomique
the International
Monitoring
System could
help
to unequivocally detect
nuclear weaponContact:
tests. franck.larsonnier@cea.fr

The level of confidence expected by the measurement produced by geophysical measurement chains is a
guarantee of quality for the data that are processed in the subsequent analysis process and the elements necessary
T3.1-O4
Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
for the resulting decision-making. The CEA's metrology activity in the infrasound and seismic fields has
In-Situ Identification
of Radioisotopes
historically contributed
to the development
of this confidence. The fields of low-frequency dynamic
environmentalM.D.
metrology
are
not
for
the
most
part
byGreathouse
the international metrology organizations, both
Allendorf, P. Doty, T. Wang, A.covered
Benin, J.
private and public,
responsible
for
materializing
and
ensuring
Sandia National Laboratories, Albuquerque, NM, USA the connection of measurements to the
international system of units, although this is a fundamental part of the guarantee of measurement control. In
Contact:
order to respond
to thismdallen@sandia.gov
lack, the CEA has been developing for several years an R&D activity in metrology
aimed at equipping itself with laboratories, standards and calibration methods designed to meet current and
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
future metrological challenges. This presentation will focus on CEA's metrology activity through its new
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
measurement and testing facilities dedicated to infrasound and seismic sensors as well as its R&D work in
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
metrology.
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalT3.1-P37
Status(MOFs),
of the aStack
Monitor
for the
Project
Organic
Frameworks
new, highly
tailorable
classSTAX
of sorbents
with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
M. di Tada, R. Pino, I. Scarinci, E. Nassif, R. Sagarzazu
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structureINVAP S.E., Bariloche, Argentina
function relationships governing MOF gas uptake enable rational design of materials optimized for specific
Contact:
mditada@invap.com.ar;mlditada@hotmail.com
applications (e.g.,
to selectively
adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
We present thedetection
manufacturing
INVAP´s stack
monitor
the STAX
(Source Term
Analysis of content
Xenon)
MOF-enabled
conceptstatus
couldofdramatically
improve
thefor
reliability,
timeliness,
and information
project.
INVAP
has
designed
a
stack
monitor
based
on
a
HPGe
detector
that
meets
the
Hardware
and
Software
of systems used for CTBT verification.
requirements defined by STAX project. Emphasis is put in the fact that it can be adapted to broad emissions
regimes of the different MIPFs. The monitor has a modular design which allows for an easy installation,
fulfilling the different requirements that facilities that already have a system for the monitoring of the stack may
T3.1-O5
High Sensitive
Xe Measurements
have. In the framework
of a contract
with PNNL, INVAP is manufacturing the stack monitor. The hardware is
described, andY.the
status
of
the
manufacturing
of the measuring chamber, shielding and sampling system is
Popov
shown.
Lares LLC, St. Petersburg, Russian Federation
Contact: yurys_popov@mail.ru

T3.1-P38 Study
of Materials
for Improved
of Xenon
at IMS
Radionuclide
Unfortunately
only Xe133
is usually detected
in the airAdsorption
samples on IMS
Noble Gas
installations.
Due to its
relatively higher
concentration in comparison with metastable xenon isotopes. The metastable xenon
Stations
concentrations are a few orders
of magnitiude lower
and it is therefore
only possible to detect them within short
1
1
2
Gueibe
, J. method
Rutten1uses
, J. Camps
, R. Plenteda
distances. The C.
new
proposed
Xe
samples
of
large
volume
for
each measurement (>100 ccm of pure
1
Nuclear
Research
Center
(SCK•CEN),
Mol,inBelgium
Xe) resulting in2 Belgian
MDCs for
Xe131m,
Xe133,
Xe133m
and Xe135
every sample of less than 10-5 Bq/m3. We
CTBTO
Preparatory
Commission,
Austria which is accumulated as a by-product during
developed a system
to purify
the Xe sample
from aVienna,
Xe-Kr mixture
oxygen and nitrogen
production
from
atmospheric
air
at
different types of air separation plants. During the
Contact: christophe.gueibe@sckcen.be
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
A crucial parttogether
of the verification
system
of the
CTBT results
are the will
radioxenon
monitoring systems that are monitoring
measurement
with the first
achieved
practical
be presented.
the atmosphere for potential xenon releases from nuclear explosions. The efficient adsorption and desorption of
radioxenon in adsorbent materials is essential for the detection capability of these systems. Recent studies on
xenon adsorption in porous materials have shown promising results for the further improvement of the detection
T3.1-O6
High Throughput Argon-37 Field System
capability of the IMS noble gas systems. In the framework of the two previous EU JA programs, SCK•CEN
developed a J.
laboratory
to perform
breakthrough
experiments
onM.different
materials and
C. Hayes,set-up
K. Silvers,
C. Aalseth,
T. Alexander,
H. Back,
Foxe, L.adsorbent
Lidey, J. Mendez,
developed a model
for the simulation
of the
D. Stephenson,
R. Suarez,
G.adsorption
Whyatt process. Although this research was in another context, it
was obvious Pacific
that theNorthwest
studies performed
and the methods
developed
National Laboratory,
Richland,
WA, USA were also very promising for xenon
monitoring purposes. The SCK•CEN has been contracted by the CTBTO under the EU JA VII program to
Contact: jc.hayes@pnnl.gov
perform a fundamental
study of xenon adsorption materials (activated carbons, silver doped zeolites, metalorganic
frameworks)
for
a more
efficient
noble gas nuclear
monitoring
at IMSincluding
stations, which
be International
translated in
PNNL is exploring the use
of 37Ar
for detecting
explosion,
for usecould
in the
lower
detection
limits
or
shorter
collection
and
processing
times.
The
project
as
well
as
the
first
results
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at will be
presented.
Pacific
Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T3.1-P39
Testing
of Cosmic Boundary
Veto for RASA
and MDC
Reduction
T1.1-O3
Atmospheric
LayerBackground
as a Laboratory
for Modeling
Infrasound
Propagation
and Scattering
Atmosphere
E. Tillistrand,
B. Hosticka,
G. Shipman,in
M.the
Wright,
G. Kline, R. Hong

1
1
1
General
Dynamics Mission
Systems, Chantilly,
VA, USA
I. Chunchuzov
, S. Kulichkov
, V. Perepelkin
, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M.
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
edward.tillistrand@gd-ms.com
Federation
2
One factor affecting
Radionuclide
AerosolTalin,
Sampler/Analyzer
(RASA) detector minimum detectable
Barva
Innovation Center,
Armenia
concentration (MDC) is the level of background counts in the spectrum. Interactions between cosmic rays and
Contact:
igor.chunchuzov@gmail.com
high-purity germanium
detectors
result in increased detector background counts, which reduce detector
sensitivity.
Anti-coincidence
systems
eliminate
counts
which originate
shielding.
By
The experimental results of studying
the effect
of a fine-scale
layered outside
structurethe
of adetector
stably stratified
atmospheric
eliminating
these
counts,
significant
improvements
in
MDC
could
be
achieved.
To
investigate
the
possible
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
effectsmin)
of cosmic
on RASA
performance,
General
Dynamics
Mission
Systems
testedfluctuations
an off-the- in the
by an veto
artificial
detonation
source are
presented.
The vertical
profiles
of (GDMS)
wind velocity
shelf Canberra
CosmicGuard
system
on
a
testbed
RASA
system
in
Chantilly,
Virginia.
After
tuning
the
system,
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded
arrivals of
GDMSpulses
performed
72-hour
blank
filter
measurements
to
measure
the
effect
on
detector
sensitivity.
Using
from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified aABL is
Canberra
Lynxtomulti-channel
analyzer,
GDMSofcaptured
both gated
ungated
spectra for
observation
of
similar
the mechanism
of scattering
signals from
groundand
surface
explosions
by direct
layered
nonhomogeneities
the effect
of
the
cosmic
veto.
Using
an
unmodified
RASA
geometry,
GDMS
measured
a
3%
reduction
in
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
background
counts,
a 2% reduction
in MDC.
Further
improvement
could be seen
with
a custom
here place
theand
dimensionless
thickness
of the
reflecting
nonhomogeneous
layers,
which
is the scintillator
vertical scale of
designthe
to more
surroundbythetheRASA
detector,
or testing
at a location
withvelocity
a higherand
cosmic
background.
layerfully
multiplied
relative
difference
in effective
sound
normalized
by the vertical

wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work
wasGas
supported
by RFBR
N 18-55-05002
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Processing
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M. Aldener, T. Fritioff, J. Kastlander, L. Karlkvist, A. Axelsson, H. Olsson, C. Hellesen,
A. Ringbom
T1.1-O4
Climate
Through
theStockholm,
Eyes of Sweden
Radioisotopes
Swedish
Defence Change
Research Agency
(FOI),
1
L. Terzi
, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
Contact:
lindsay.karlkvist@foi.se
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
A new concept in radioxenon
based
on the deployment
of smaller and less complex systems compared
CTBTO detection,
Preparatory
Commission,
Vienna, Austria
to the ones presently3 Central
used in Institution
IMS, is being
developed atand
FOI.
The new radioxenon
systems,
named SAUNA
for Meteorology
Geodynamics
(ZAMG), Vienna,
Austria
4
CUBE, will be deployed
in
an
array
configuration
consisting
of
4-5
units.
A
first
prototype
of
the CUBE gas
TU Wien Atominstitut, Vienna, Austria
5 been constructed in the laboratory and its performance has been tested and evaluated. The
processing system has
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
xenon yield was determined
a thermal
conductivity
a fairly
stable result of about 80%.
Health using
Canada,
Radiation
Protectiondetector,
Bureau, showing
Ottawa, ON,
Canada
The removal of carbon dioxide and water from xenon was analysed using a mass spectrometer and the peaks
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
were found to be clearly
separated,
indicating an effective separation process. The gas system has been operated
in continuous
mode
for
about
40
days
in order
investigateare
system
stability.
The retention
timecan
andbethe
peak
Cosmogenic radionuclides beryllium-7
andto sodium-22
known
atmospheric
tracers and
used
together
widthsinshowed
small
variations.
In
addition,
the
radon
removal
capability
was
studied.
a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique

allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause
due toAffinity
rising CO2
Aestival
episodes
of persistent high-pressure systems over
T3.1-P42
Theheight
Güralp
as concentrations.
a Replacement
for the
DM24SxAM
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
E.M.ofPassey
deceleration
atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
Guralp
Systems
Reading,
confirming
several
side Limited,
effects of
climateUnited
changeKingdom
while providing a new modelling tool in seasonal weather
forecast.Contact: lpassey@guralp.com;sales@guralp.com

The Affinity is presented as a replacement for the long-running DM24-based digitizer products incorporating
Authentication capability. A key design concept is that the operator experience should be the same as far as
T1.1-O5 Detection Efficiency of the IMS for Bolides
possible, in order to minimise the learning curve, and maximise the existing investment in knowledge and
experience. Both devices
are compared,
and the commonalities and differences highlighted in the areas of the
P. Brown,
N. Gi
hardware interfaces, University
the software
theOntario,
featuresLondon,
and the ON,
performance.
of usage,
Western
Canada The Affinity is a drop-in replacement
for the existing digitizers, whilst adding new functionality. Therefore, it is ideally suited to the long term
Contact:
pbrown@uwo.ca
sustainment and technology
refreshment
of IMS stations.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
T3.1-P43
The
Dose
NetworkbySystem
in ainfrasound
Coastalstation
Area while only 42 were
detections.
WeRadiation
found 206 of
theseMonitoring
bolides were detectable
at least one
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
S. Hirota,
Y. Hiroshi
global REB
detection
rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Research
Institute
of Radiation
Medicine,
Hiroshima
University,
which approaches 20%. Above
the 1 kTBiology
CTBTOand
design
threshold,
we find
that 40% Japan
of airbursts are reported in
the REB,Contact:
while more
than
90%
are
detectable
at
one
or
more
infrasound
stations.
All airbursts with energy > 2
hirota-seiko@hiroshima-u.ac.jp
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
We propose
a real
time
radiation
dosedetection
network system
of marine
by reported
using buoys
and four
drones.
This with
complete
above
15monitoring
kT with the
automated
not area
having
at least
airbursts
system will be provide 2-dimensional dose distribution and estimation of health risk for people who move in the
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area covered
system. This issystem
has been
to keep safety
of evacuees
from radiation
accident
emissionbyoftheantineutrinos
unaffected
bydeveloped
the environment
in which
the explosion
occurred.
The
The
and
resident
around
nuclear
power
plant
in
case.
There
is
also
the
possibility
to
use
this
system
for
monitoring
of
antineutrinos signal spreads long distances from the location of the detonation through different environments.
nuclear
tests
by
additional
analysis
of
data
from
this
sensor
network.
The
monitoring
network
consists
of
buoys
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
and drones of
equipped
with sensors
a spectrometer
for radiationMonitoring
and environmental
sensors.
These
components
are
introduction
antineutrino
into the International
System could
help to
unequivocally
detect
connected
each tests.
other by IoT network and satellite communication. The program for nuclear identification from
nuclear
weapon
energy spectrum should be optimized for nuclidesi which are assumed to be detected. Additionally, the
correction function for dose calculation needs to be optimized because buoys and drones will move. These
optimization and predicted usability of the system will be shown in this presentation.
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
In-Situ Identification of Radioisotopes

T3.1-P44 M.D.
Three
FutureP.Filters
for
IMSA.Radionuclide
Particulate Operations
Allendorf,
Doty, T.
Wang,
Benin, J. Greathouse
Sandia National Laboratories, Albuquerque, NM, USA
N. H. Hermanspahn, B. Nadalut, A. Tarasov, R. Plenteda
Contact:
mdallen@sandia.gov
CTBTO Preparatory
Commission, Vienna, Austria

Contact:
nikolaus.hermanspahn@ctbto.org
Radioactive xenon
isotopes
are signatures of clandestine underground nuclear tests. Their low concentrations
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
The radionuclide
of the
IMS islarge
required
to factors,
achieveand
a minimum
of 95%
datatoavailability
while
Unfortunately,
due segment
to their short
half-lives,
dilution
the long times
required
remotely acquire
maintaining
high
sensitivity
for
detection
of
nuclear
explosions.
These
consistent
levels
of
performance
can
samples, information concerning the time, location, abundance of specific isotopes produced in the event canonly
be
be achieved
with the
continued
use of are
high-quality
andenable
reliable
equipment
and isotope
consumables.
To manage
and
lost.
Consequently,
detection
strategies
needed that
much
more rapid
identification.
We will
ensure the
futureradioisotope
supply of filter
media needed
to sustain longer-term
IMS
particulate
sampling,
the
describe
in-situ
identification
by beta-gamma
coincidence
in radionuclide
a portable system
enabled
by MetalPTS is preparing
for (MOFs),
the testing
and qualification
of the
future
supply of
IMS
filter areas
materials.
In preparation
of
Organic
Frameworks
a new,
highly tailorable
class
of sorbents
with
surface
as high
as 7000 m2/g.
identifying
and
validating
future
suppliers,
an
optimised
test
protocol
for
the
acceptance
testing
of
filter
materials
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
and for
batch selective
testing have
been developed.
testsuch
protocols
andSecond,
test results
for existing
and
areas
facilitate
adsorption
of weakly Requirements,
interacting gases
as xenon.
established
structurecandidate
material
will
be
presented.
function relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
T3.1-P45 Towards
Disaster
Earthquakes
andtimeliness,
Tsunamis
Off Shore
MOF-enabled
detection concept
couldMitigation
dramaticallyon
improve
the reliability,
andUsing
information
content
of systems usedReal
for CTBT
Timeverification.
Monitoring Data
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1
Kagawa
University,
Japan
High
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XeKagawa,
Measurements
2
National Research Institute for Earth Science and Disaster Resilience (NIED), Tsukuba, Ibaraki,
Japan
Y.
Popov
3
Japan
Agency
for Marine-Earth
and Technology, Yokosuka, Kanagawa, Japan
Lares
LLC,
St. Petersburg,
RussianScience
Federation
Contact: yurys_popov@mail.ru
kanedaykg@cc.kagawa-u.ac.jp
Contact:

Recently, manyonly
destructive
earthquakes
and tsunamis
in the
such asGas
2011
Tohoku earthquake
in
Unfortunately
Xe133 is
usually detected
in the occurred
air samples
on world
IMS Noble
installations.
Due to its
Japan, 2018
Palu concentration
earthquake/ tsunami
at Sulawesi
in Indonesia
Therefore,
shore realxenon
time
relatively
higher
in comparison
withIsland
metastable
xenon etc.
isotopes.
The off
metastable
monitoring systems
seismogenic
zones lower
are very
for early
tsunamis.
concentrations
are a around
few orders
of magnitiude
andimportant
it is therefore
onlydetection
possible of
to earthquake
detect themand
within
short
Furthermore,
these
system
are
also
indispensable
to
understand
crustal
activities
and
phenomena
as
precursors.
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
-5 prediction
In Japan,
Ocean
floor network
systemsXe133,
as DONET
and and
S-NET
already
deployed
for of
early
Bq/m3. We
Xe)
resulting
in MDCs
for Xe131m,
Xe133m
Xe135
in every
sample
lesswarning
than 10and
researches.aRecently,
willXe
besample
developed
deployed
around
western
part of Nankai
seismozenic
developed
system toN-NET
purify the
fromand
a Xe-Kr
mixture
which
is accumulated
as atrough
by-product
during
zone in and
southwestern
Japan. In DONET
system, DONET1
and DONET2
on the
Nankai
Trough
oxygen
nitrogen production
from atmospheric
air at different
types ofareairfocusing
separation
plants.
During
the
seismogenic the
zonedesign
southwestern
Japan, S-NET
is focusing
on beta-gamma
off east Japanspectrometer
based on lessons
learned
from
2011
presentation
of the sample
preparation
unit, the
suitable
for big
sample
Tohoku earthquake.
system
of N-NET
be developed
as the
system of DONET and S-NET. For
measurement
togetherThe
with
the first
achievedwill
practical
results will
behighbrid
presented.
disaster mitigation, not only real time data but also advanced simulation are indispensable. We developed the
recurrence simulation of mega thrust earthquakes, data assimilation and real time inundation simulation using
real time data in Nankai trough seismozenic zone. In this presentation, we explain Japanese ocean floor networks
T3.1-O6
High Throughput Argon-37 Field System
and advanced simulation researches.
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
D. Stephenson, R. Suarez, G. Whyatt
Pacific Northwest National Laboratory, Richland, WA, USA
Contact: jc.hayes@pnnl.gov
PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Ultra-Sensitive
Measurements
of Large-Volume
Radioxenon
Samples
Using
T1.1-O3
Atmospheric
Boundary Layer
as a Laboratory
for Modeling
Infrasound
an Ultra-Low-Background
Proportional
Counter
Propagation and Scattering in the Atmosphere
1 E. Edwards, M.
1
1
H. Seifert,
C. Aalseth,
B. Fulsom,
E. Mace,
Panisko, 2, G. Ayvazyan2
I. Chunchuzov
, S. Kulichkov1, V.Foxe,
Perepelkin
, O. Popov
, A.M.
Vardanyan
1
K. Thommasson
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Pacific Northwest
FederationNational Laboratory, Richland, WA, USA
2
Barva
Innovation Center, Talin, Armenia
Contact: allen.seifert@pnnl.gov

Contact: igor.chunchuzov@gmail.com
The PTS and the international community have expressed interest in the ability to obtain xenon samples using
the output
of industrial results
oxygenofplants,
which
could of
bea three
orderslayered
of magnitude
larger
than xenon
The experimental
studying
the effect
fine-scale
structureor
of more
a stably
stratified
atmospheric
samples
currently
collected
System
(IMS) stations.
Precise characterization
of
boundary
layer
(ABL) by
on International
fluctuations ofMonitoring
the parameters
of acoustic
pulses generated
with a certain period
(1
regional
backgrounds
is a motivation
for veryarelarge
volumeThe
samples
andprofiles
the enhanced
they could in the
min)
by an artificial
detonation source
presented.
vertical
of wind sensitivity
velocity fluctuations
provide.
samples
toobeen
largeretrieved
for measurement
the existing
detection
such, a arrivals
new
thinSuch
layers
of thewould
ABL be
have
using theinwave
forms and
travelsystems
times ofand,
the as
recorded
of
optimized
method
for
analysis
needs
to
be
investigated.
For
many
years
the
Pacific
Northwest
National
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Laboratory
has been of
developing
gas by
proportional
counters
similar(PNNL)
to the mechanism
scattering ultra-low-background
of signals from groundinternal-source
surface explosions
layered nonhomogeneities
(ULBPCs)
for
use
in
a
variety
of
applications;
these
ULBPCs
function
as
beta
spectrometers
and
have
the
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
capacity
analyze
gas samples
than thenonhomogeneous
traditional detectors
used
in the
IMSvertical
and the
heretoplace
the significantly
dimensionlesslarger
thickness
of the reflecting
layers,
which
is the
scale of
potential
offermultiplied
significantly
sensitivity.
PNNL
has investigated
the use of
for measuring
the tolayer
by improved
the relative
difference
in effective
sound velocity
andULBPCs
normalized
by the vertical
large-volume
radioxenon
samples
to assess
optimal performance
parameters
(e.g. operating
pressure,
wavelength.
The effect
of such
inhomogeneities
on the temporal
fluctuations
of the azimuth
and count
arrivalgas
times of
blend, the
etc.),
sensitivity
levels,
ability of
to the
discriminate
multiple radioxenon
isotopes.
ResultsAcknowledgement:
from these
signals
is studied.
Theand
estimation
error in localization
of pulsed sources
is given.
investigations
will
be supported
presented.by RFBR N 18-55-05002
This work
was
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TU Wien
Atominstitut,
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University
of
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Applied Life Sciences (BOKU), Vienna, Austria
Contact:
laurel.sinclair@canada.ca
6
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Under the Comprehensive-Nuclear-Test-Ban-Treaty
a State Party can request an on-site inspection (OSI) to
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
establish whether a nuclear explosion has taken place. Gamma spectroscopy measurements are key to OSI and
aerial radiometric
has beenberyllium-7
demonstrated
provide efficient
coverage
of large tracers
areas. We
developed
Cosmogenicsurvey
radionuclides
andtosodium-22
are known
atmospheric
andhave
can be
used together
the Advanced
Radiation
Detector
for Unmanned
Aerial air
Vehicle
(UAV)
ThisThis
gamma
in a lock-in
technique
to effectively
trace vertical
masses
based Operations
on surface (ARDUO).
measurements.
technique
spectrometer
canstudy
pointprogression
out the direction
to aofradiation
source
while
flightthat
to the
permit
evolutionduring
of the
allows to
and speed
atmospheric
cells.
Datainshow
cellsreal-time
are decelerating
flight summer
plans. We
havewhich
collected
data with
this system
a varietyofofthepoint
and
extended and
sources
period
is extending
in time.
This is flown
causedover
by warming
whole
troposphere
increased
Here we will present
including
a controlled
release
ofrising
40 GBq
of 140La
in an L-shape
pattern
covering
3,200 m2. high-pressure
tropopause
height
due to
CO2
concentrations.
Aestival
episodes
of persistent
systems over
these results
how thegradients
directional
from
the system
can be used
improvewith
the the
spatial
Europe and
withshow
low pressure
thatinformation
led to almost
stationary
thunderstorms
are to
correlated
observed
precision
of an aerial
map. In
anmovement.
OSI UAVsThis
can provide
advantages
overand
manned
by keeping
the for
deceleration
of survey
atmospheric
cell
demonstrates
that 7Be
22Na vehicles
can be used
as indicators
pilot out
of hazardous
situations,
flyingoflower
and change
slower for
improved
sensitivity
and by removing
need for
confirming
several
side effects
climate
while
providing
a new modelling
tool inthe
seasonal
weather
the Inspected
forecast.State party to supply an aircraft. We will discuss how directional techniques could be applied to
improve the spatial precision of traditional manned aerial survey in on-site inspection.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T3.1-P48 Updated Results from Long-Term Infrasound Sensor Comparison
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D. FeeUniversity
, S. Albertof2,Western
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, B. London,
J. Merchant
, G. Slad2, C. Szuberla1, J. Helmericks1,
1
1
1
G. Tytgat , L. Blom , A. Winkelman , H. Buurman1
Contact: pbrown@uwo.ca
1
University of Alaska Fairbanks, AK, USA
2
Laboratories,
NM, USA reported on the JPL CNEOS website
In this Sandia
study National
we examined
344Albuquerque,
bolides (airbursts)
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Contact:
caszuberla@alaska.edu
detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Previous
testing
hasdetection
shown that
sensors deployed
in the field
deviations
from2014-2018)
their
global
REB
rateinfrasound
of ~10% averaged
from 2007-2018
is can
less exhibit
than thenotable
"modern"
rate (from
lab-based
calibrations.
These
variations
may
in-part
be
due
to
changes
in
environmental
conditions,
long-term
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
sensorthe
drift,
or other
features.
In early 2018
weorinstalled
two identical
test All
elements
at the
Sandia
REB,
while unresolved
more than 90%
are detectable
at one
more infrasound
stations.
airbursts
with
energy > 2
National
FACT
with fireball
five infrasound
(Chaparral
M50A, Chaparral
M64,However,
MB2005, the
MB3,
andis only
kT Labs
reported
on site
the JPL
site sincesensors
2007 have
been detected
infrasonically.
REB
Hyperion
IFS-5100)
to a the
single
port to the
atmosphere,
wellhaving
as internal
and at
external
temperature,
complete
aboveconnected
15 kT with
automated
detection
systemasnot
reported
least four
airbursts with
humidity, and absolute pressure sensors. Using the MB2005 as the reference, we examine the sensor response a
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function
of time
compare it isto unaffected
lab-based calibrations
and environmental
Previous
preliminary
emission
of and
antineutrinos
by the environment
in whichconditions.
the explosion
occurred.
The
The
results
have
shown
that
all
of
the
sensors
have
exhibited
some
variability,
with
the
amplitude
variations
often
antineutrinos signal spreads long distances from the location of the detonation through different environments.
>5%.propose
The variations
both long-term
(months)
(diurnal)
timescales.
The tests.
short-term
We
to build occurred
a 1 km3ondetector
at the South
Poleand
forshort-term
the purpose
of detecting
nuclear
The
variability appears
related tosensors
changes
in the
environmental
has been
significant
(up to 20%) for
the
introduction
of antineutrino
into
Internationalconditions,
Monitoringand
System
could
help to unequivocally
detect
Chaparral
50A tests.
and somewhat for the MB3 (~5%). The other sensors have shown some long-term sensitivity
nuclear
weapon
offsets. Here we present updated results from our ongoing testing and discuss potential sources of response
variability and how they may affect station performance.
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
In-Situ Identification of Radioisotopes
T3.1-P49 Xenon International

M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
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M.Laboratories,
Cooper, W. Harper,
M. Panisko,
J. Slack
Sandia
National
Albuquerque,
NM, USA
Pacific Northwest National Laboratory, Richland, WA, USA
Contact: mdallen@sandia.gov
Contact: jc.hayes@pnnl.gov
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
Xenon from
International
a next-generation
ground-based
radioxenon
measurement
system
developed
Pacific
remote
the eventisrequire
collection and
separation from
large quantities
of air using
porous
carbonby
sorbents.
Northwest National
in collaboration
with Teledyne
(TBE). Xenon
International
Unfortunately,
due toLaboratory
their short half-lives,
large dilution
factors,Brown
and theEngineering
long times required
to remotely
acquire
processesinformation
samples every
6 hours the
andtime,
collects
more than
2.5 times
the amount
of xenon
gas over
first-generation
samples,
concerning
location,
abundance
of specific
isotopes
produced
in the
event can be
systems
improving detection sensitivity
by nearly
factor
of two.
During
field identification.
test at the International
lost.
Consequently,
strategies are
neededa that
enable
much
morea one-year
rapid isotope
We will
Monitoring
System
(IMS) identification
station RN75byinbeta-gamma
Charlottesville,
VA, U.S.A.,
Xenon
International
measured
describe
in-situ
radioisotope
coincidence
in a portable
system
enabled by
Metal2
atmospheric
radioxenon
samples
while
located
next to class
the U.S.
IMS system
– a SAUNA
/g.
Organic
Frameworks
(MOFs),
a new,
highly
tailorable
of sorbents
with USX75
surface areas
as high system
as 7000−mfrom
July 2018
through
July 2019. The
goal of theunique
field test
was nanoporous
to determinematerials.
system reliability
andultrahigh
uptime, and
data
MOFs
possess
a combination
of properties
among
First, their
surface
flow to
the U.S.selective
Nationaladsorption
Data Center
the systemgases
whilesuch
operated
by U.S.
IMS station
operators.
This
areas
facilitate
of (NDC)
weakly of
interacting
as xenon.
Second,
established
structurepresentation
reviews the
field testing
results
dataenable
evaluation
between
theofXenon
International
system
and the
function
relationships
governing
MOF
gas and
uptake
rational
design
materials
optimized
for specific
USX75 system
of the development
to achievethat
manufacturing
Comparison
of the data
applications
(e.g.,astopart
selectively
adsorb Xe). process
We demonstrate
MOFs enablematurity.
the identification
of radioactive
from the
two systems
areinpresented
highlight
theasignificance
of shorterdetection
processingsystem
time and
detection
xenon
isotopes
virtually
real timethat
when
used in
novel high-pressure
we lower
designed.
Our
limits.
MOF-enabled
detection concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.
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High Sensitive Xe Measurements
Y. Popov
Lares LLC, St. Petersburg, Russian Federation
Contact: yurys_popov@mail.ru

Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement together with the first achieved practical results will be presented.

T3.1-O6

High Throughput Argon-37 Field System
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
D. Stephenson, R. Suarez, G. Whyatt
Pacific Northwest National Laboratory, Richland, WA, USA
Contact: jc.hayes@pnnl.gov

PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
152
133

Theme 3: Verification Technologies and Technique Application

T1.1-O3

CTBT: Science and Technology 2019

Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere

T3.2 Laboratories Including Mobile and Field Based
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
Facilities
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian

Oral

Federation
Barva
Presentations Innovation Center, Talin, Armenia
2

Contact: igor.chunchuzov@gmail.com

The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
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the Characteristics
of Installation
for generated
the Measurement
ofperiod (1
boundaryInvestigations
layer (ABL) on of
fluctuations
of the parameters
of acoustic pulses
with a certain
Activities
of 37Ar
Based
on the Detection
Liquid
Argon
Scintillation
min) by Low
an artificial
detonation
source
are presented.
The vertical of
profiles
of wind
velocity
fluctuations in the

thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
S. Pakhomov, T. Kuzmina, G. Shakhetov
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Khlopin Radium Institute, St Petersburg, Russian Federation
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
S_A_Pakhomov@mail.ru
of wind Contact:
velocity and
temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
One ofthethelayer
mostmultiplied
conclusivebyevidences
of a difference
violation of
is the
presence
in the
air ofby
elevated
the relative
in CTBT
effective
sound
velocity
and subsoil
normalized
the vertical
concentrations
of
37Ar
radionuclide,
which
is
formed
in
large
quantities
in
the
interaction
of
neutrons
with
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival
times of
calcium
in
rocks.
Traditionally,
to
measure
the
activity
of
37Ar,
proportional
gas
counters
are
used,
which
are
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
filled with
counting
gas prepared
from samples
of argon with the addition of methane. Further reduction of the
This awork
was supported
by RFBR
N 18-55-05002
detection limit of 37Ar is limited by the difficulty of a significant increase of argon sample volume placed in a
proportional counter. Installation for the detection of argon-37 low activities based on the liquid scintillation
principle is being developed at the Radium Khlopin Institute under contract with the CTBTO. The role of the
T1.1-O4
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of Radioisotopes
scintillator
in this installation
performed
by the liquefied
preparation
of extracted from soil air argon itself.
The use of liquefied
argon
the
volume
of the measured
samples without
1 samples allows 2one to multiply
3
4
5
6
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner
, I. T. Hoffman
increasing the size of1 Belgian
the measuring
cell
and
shield
elements,
and
allows
significant
reduction
of
detection
limits
Nuclear Research Center (SCK•CEN), Mol, Belgium
of 37Ar. Installation 2isCTBTO
currently
being
tested
and
the
results
are
given
in
this
presentation.
Preparatory Commission, Vienna, Austria
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Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
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Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
1
1
A. Davies
, R. Britton
, J. Burnett2, H. Miley2
1
AWE
Aldermaston,
Reading, United
Kingdom are known atmospheric tracers and can be used together
Cosmogenic
radionuclides
beryllium-7
and sodium-22
2
Pacific
Northwest
National
Laboratory,
WA,based
USA on surface measurements. This technique
in a lock-in technique to effectively trace verticalRichland,
air masses
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
ashley.davies@awe.co.uk
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Advanced
gamma-spectrometry
systems
potential Aestival
for higher-sensitivity
analysishigh-pressure
of CTBT relevant
tropopause
height due to rising
CO2 have
concentrations.
episodes of persistent
systems over
radionuclides
IMS
samples.
systems
sophisticated
multi-detector
configurations
thatwith
are capable
Europe in
with
low
pressureThese
gradients
thatinclude
led to almost
stationary
thunderstorms
are correlated
the observed
of coincidence
measurements
withcell
Compton
and This
cosmic
rejection. They
can and
provide
sensitivity
2-4 for
deceleration
of atmospheric
movement.
demonstrates
that 7Be
22Nadetection
can be used
as indicators
ordersconfirming
of magnitude
higher
than
conventional
gamma-spectrometry
used for
IMS modelling
samples. Such
could
several
side
effects
of climate
change while providing
a new
tool systems
in seasonal
weather
be utilized
for the re-analysis of selected IMS samples, to provide more accurate measurements with lower
forecast.
uncertainty, improved isotopic ratios, and potentially detect radionuclides not detectable using station or
laboratory systems. The advantages of these next-generation systems has been investigated by a collaboration
between the Pacific Northwest National Laboratory (PNNL, U.S.A.) and Atomic Weapons Establishment (AWE,
T1.1-O5 Detection Efficiency of the IMS for Bolides
UK), host to USL16 and GBL15.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

T3.2-O3

Sample
Throughput
Improvements for the U.S. Noble Gas Laboratory
Contact:
pbrown@uwo.ca

Foxe, M.
J. Mendez,
Slack, T.(airbursts)
Bowyer, I. reported
Cameron, on
M. Cooper,
J. C.CNEOS
Hayes, website
In thisM.study
weMayer,
examined
344 J.bolides
the JPL
L. Lidey
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
Pacific
Northwest
National
Laboratory,
Richland, WA,
detections.
We found
206 of
these bolides
were detectable
by atUSA
least one infrasound station while only 42 were
automatically
registered
as
part
of
the
Reviewed
Event
Bulletin
(REB) issued daily by CTBTO. However, this
Contact: Michael.Foxe@pnnl.gov
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches
20%.
Above the
1 kTthe
CTBTO
threshold,
find that
40% ofofairbursts
reported
in
As radioxenon
samples are
collected
around
world design
at the CTBT
IMSwe
stations,
a subset
those arearesent
to
the REB,
while more
than the
90%world
are detectable
at onePNNL
or more
infrasound
stations.
AllGas
airbursts
with (USenergy > 2
radionuclide
laboratories
around
for re-analysis.
operates
the U.S.
Noble
Laboratory
reported
on the JPL
fireball siteofsince
been currently
detected infrasonically.
However,
NGL),kT
which
was certified
in December
2016.2007
The have
laboratory
has one certified
detector,the
butREB
thereis only
complete
above
15
kT
with
the
automated
detection
system
not
having
reported
at
least
four
airbursts
are potential scenarios where additional throughput is desired. Two examples of this desired throughput are with
when multiple samples arrive at once, such as during a Proficiency Test Exercise (PTE) or from an event at a
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station.
Alternatively,
if there wasis aunaffected
calibration by
or PTE
shortly
before the
station
samples,occurred.
it is desirable
emission
of antineutrinos
the performed
environment
in which
explosion
The
The
to
have
a
subset
of
pristine
detectors
with
no
additional
backgrounds
from
the
radioxenon
spikes.
We have
antineutrinos signal spreads long distances from the location of the detonation through different environments.
installed
a detector
bank
four detector
additionalatdetectors
forPole
US-NGL.
The
gas handling
system nuclear
for thesetests.
detectors
We
propose
to build
a 1ofkm3
the South
for the
purpose
of detecting
The
has been optimized
to minimize
theinto
dead
allowing
the detectors
meet help
the CTBTO
requirement
for
introduction
of antineutrino
sensors
thevolumes,
International
Monitoring
Systemtocould
to unequivocally
detect
transferweapon
efficiency.
nuclear
tests.The detectors have undergone initial testing and are in the process of being certified for
operation. We present the detector calibration and gas handling mechanism for the new detector bank.
Additionally, we present operational scenarios for the added sample throughput of the US-NGL.
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for

In-Situ Identification of Radioisotopes
Poster Presentations
T3.2-P1

M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
Sandia National Laboratories, Albuquerque, NM, USA

Accuracy of Particulate Sample Analysis with a BEGe Detector

Contact: mdallen@sandia.gov
M.M. Rapetsoa, D. Kotze
Radioactive xenon
signatures
clandestine Ltd
underground
Their
low concentrations
Southisotopes
African are
Nuclear
EnergyofCorporation
(NECSA), nuclear
Pretoria,tests.
South
Africa
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
monnicca.rapetsoa@necsa.co.za;metsemonicca@yahoo.com
Unfortunately, Contact:
due to their
short half-lives, large dilution factors, and the long times required to remotely acquire
samples,
information
concerning
the time, location,
abundance
of specific
produced
in the
event
can beis
Accurate gamma spectrometric measurements
depended
on correct
values isotopes
of several
parameters.
One
of these
lost.
Consequently,
detection
strategies
are
needed
that
enable
much
more
rapid
isotope
identification.
We
will
corrections for true summing coincidences of the gamma radiation emitted by the assayed radionuclides.
describe
in-situ
radioisotope
identification
by
beta-gamma
coincidence
in
a
portable
system
enabled
by
MetalCoincidence summing correction factors are nuclide specific and should be applied to relevant measured peak
Organic
(MOFs),
a new,
highly
tailorable
class of
sorbents with
areas
as high as Data
7000Centre
m2/g.
areas to Frameworks
obtain accurate
activity
results.
In the
study several
radionuclides
forsurface
CTBTO
International
MOFs
a combination
of properties
unique
among
nanoporous
First,
their ultrahigh
(IDC) possess
event screening
from particulate
samples
were
analysed
looking materials.
at summing
coincidence
effects.surface
These
areas
facilitate
selective
adsorption
of
weakly
interacting
gases
such
as
xenon.
Second,
established
samples contain fission and activation products measured using BEGe detector. Correction factors arestructureobtained
function
relationships
governing
MOF
gas uptake
enable rational
design of materials
for specific
by software
based on Monte
Carlo
calculations.
A comparison
of coincidence
summing optimized
correction factors
were
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
made between an available commercial software package (LabSOCS) and a specifically developed software
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
package (VGSL), developed by Radionuclide Development Unit of the IDC. VGSL is designed to provide
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
quality assessment of the data delivered by eighty (80) international monitoring stations around the world to
of
systems
used for
CTBT verification.
monitor
nuclide
emissions
after nuclear tests, in the atmosphere or underground. The results of the coincidence

summing correction factors from relevant radionuclides of particulate samples indicate the accuracy of the
activity results, if the factors generated by LabSOCS are identical or may be complemented by VGSL software
T3.1-O5
High Sensitive Xe Measurements
factors.
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Y. Popov
Lares LLC, St. Petersburg, Russian Federation

Developing a Laboratory-Based Beta-Gamma Coincidence Detection System

Contact: yurys_popov@mail.ru
M. Goodwin1, A. Davies1, R. Britton1, P. Regan2, S. Bell3
Unfortunately 1only
is usually
detected
in theKingdom
air samples on IMS Noble Gas installations. Due to its
AWEXe133
Aldermaston,
Reading,
United
2
relatively higher
concentration
in
comparison
with
University of Surrey, United Kingdom metastable xenon isotopes. The metastable xenon
concentrations 3are
a few orders
of Laboratory,
magnitiude lower
and it is
therefore
only possible to detect them within short
National
Physical
Teddington,
United
Kingdom
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
mattgoodwin93@gmail.com;m.goodwin@surrey.ac.uk
Xe) resulting inContact:
MDCs for
Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed
a system
to purify
the Xe sample
from
a Xe-Kr
mixture
which ispart
accumulated
as a by-product
during
Beta-gamma
coincidence
detection
methods
have
become
an integral
of the International
Monitoring
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
System (IMS), particularly with regards to radioxenon detection. The UK Radionuclide Laboratory (GBL15) is
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
currently working with partners at the University of Surrey and NPL in developing a laboratory-based system for
measurement together with the first achieved practical results will be presented.
beta-gamma coincidence measurements, aiming to reduce detection limits for radionuclides of interest, as well as
future-proof the UK Noble Gas analysis capability in support of the Verification Regime.
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High Throughput Argon-37 Field System
Efficiency
ofSilvers,
Ion Exchange
for Precipitation
Sampling
J.
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C. Aalseth,Columns
T. Alexander,
H. Back, M. Foxe,
L. Lidey, J. Mendez,
D. Stephenson, R. Suarez, G. Whyatt
C. Söderström, J. Kastlander, P. Lagerkvist, S. Jonsson
Pacific
National Laboratory,
Richland,
WA,Sweden
USA
SwedishNorthwest
Defence Research
Agency (FOI),
Stockholm,

Contact:
Contact:jc.hayes@pnnl.gov
catharina.soderstrom@foi.se
PNNL
is
exploring
the
use of 37Ar offorradioactivity
detecting nuclear
for use inofthe
International
As a complement to measurement
in air,explosion,
collection including
and measurement
radioactivity
in
Monitoring
System
(IMS).
A
high
throughput
37Ar
separation
and
measurement
system
was
developed
deposition is performed within many national surveillance systems. Deposited radioactivity can give anatestimate
Pacific
Northwest
Laboratory
(PNNL)
to detect
37Ar activity
generated
an underground
of external
dose toNational
the public
and can also
be used
to calculate
transport
factors from
for radionuclides.
Thenuclear
system
explosion.
Argon-37
is
an
activation
product
generated
when
neutrons
interact
with
calcium
in
the soil
used in Sweden consists of a collection funnel, from which the precipitation is passed through an ion-exchange
surrounding
underground
noble gas,byargon
is unreactive
andtomigrates
through
the
column. Theancontents
of the nuclear
column explosion.
are ashed As
andameasured
gamma
spectroscopy
determine
deposited
earth
and
can
be
released
into
the
atmosphere
with
the
radioxenon
fission
gases
that
are
also
produced
during
a
radioactivity. In order to have control of the method used within the national surveillance system, and a possible
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Atmospheric
Layer asofathe
Laboratory
Modeling
Infrasound
future T1.1-O3
modification of
the method, theBoundary
collection efficiency
ion exchangefor
columns
has been
investigated
together with tests ofPropagation
a new ion exchange
resin. The effects
of Atmosphere
ashing at different temperatures have also been
and Scattering
in the
investigated for the two types of ion
exchange columns.
The collection
efficiency
was high2 for all tested 2
1
1
1
1
I. Chunchuzov
, S. Kulichkov
, V.small,
Perepelkin
Popovcould
, A. Vardanyan
, G. Ayvazyan
nuclides. For most nuclides,
losses during
ashing were
but loss, O.
of iodine
be seen at temperatures
as
1
A.M.ofObukhov
Institute
of Atmospheric
Physics,
of in
Science,
Moscow,
Russian
low as 60 °C. Deposition
Ru-106 during
autumn
2017 revealed
thatRussian
activity Academy
can remain
the funnel
and lead
Federation
to cross-contamination
of subsequent samples.
2
Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com
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Further Development of the SAUNA-FIELD System for Rapid Deployment
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
and
Improved
boundary layer
(ABL) on Operation
fluctuations of the parameters of acoustic pulses generated with a certain period (1

min) byM.
an Aldener,
artificial detonation
are presented.
The vertical profiles of wind velocity fluctuations in the
T. Fritioff,source
L. Karlkvist,
J. Kastlander
thin layers
of
the
ABL
have
been
retrieved
using
the
wave forms
Swedish Defence Research Agency (FOI), Stockholm,
Swedenand travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
Contact:
mattias.aldener@foi.se
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
The measurement
of dimensionless
xenon was successfully
incorporated
in an
on site inspection
(OSI)
exercise
the first
here place the
thickness of
the reflecting
nonhomogeneous
layers,
which
is theforvertical
scale of
time during
the integrated
exercise
in difference
Jordan 2014
of the
systems
was the SAUNAthe layer
multiplied field
by the
relative
in (IFE14).
effectiveOne
sound
velocity
andused
normalized
by the vertical
FIELD,
designed toThe
process
analyse
radioactive xenon
sub-soil
samples with
theazimuth
purposeand
of arrival
detecting
wavelength.
effectand
of such
inhomogeneities
on thefrom
temporal
fluctuations
of the
times of
nuclearthe
explosions.
years FOIofhas,
learnt
fromisexercises
and outputs
signals is During
studied.the
Thelast
estimation
the built
error on
in experience,
localization lessons
of pulsed
sources
given. Acknowledgement:
from workshops,
re-designed
systemNto18-55-05002
improve the functionality during an OSI. The aim has been to
This work was
supportedthe
by RFBR
simplify the deployment of the system and to further improve the automation of the process when handling subsoil samples to reduce the amount of manual labour needed. A new design, enabling the system to be installed in
a container suitable for air transport, has been made which drastically simplifies the deployment of the system.
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
The software and gas handling capacity has also been improved for the operator.
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Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
The sole purpose of an on-site inspection is to clarify whether a nuclear weapon test explosion has been carried
out in Cosmogenic
violation of radionuclides
the CTBT. To
ensure thatand
credible
results
delivered
from the
in-field
of the
beryllium-7
sodium-22
areare
known
atmospheric
tracers
and analysis
can be used
together
environmental
samples
collected
during
an
inspection,
the
On-Site
Inspection
Division
are
developing
the
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
underlying
identifying and
key speed
performance
indicators,
documenting
thecells
equipment
and resource
allowsprocesses,
to study progression
of atmospheric
cells.and
Data
show that the
are decelerating
during the
preparation
steps
of the
FieldisRadionuclide
close coordination
with
Divisions.
Thisand
poster
summer
period
which
extending in Laboratory,
time. This isincaused
by warming of
theother
whole
troposphere
increased
reviews
the challenges
faced,
describes
status of progresses
made inof the
development
of thesystems
Field over
tropopause
height due
to rising
CO2 the
concentrations.
Aestival episodes
persistent
high-pressure
radionuclide
and documents
objectives
for the
training thunderstorms
of surrogate inspectors
and readiness
EuropeLaboratory,
with low pressure
gradientsthe
that
led to almost
stationary
are correlated
with the for
observed
the 2020
Buildup
Exercises.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Radioxenon Spiked Air for Field Testing
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Detection Efficiency of the IMS for Bolides
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P. Brown,
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University
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A trusted known test sample is vital to working with measurement systems regarding diagnostics and quality
control.
the laboratory
setting,
diagnostic
quality measurements
have beenonessential
to troubleshooting
In In this
study we
examined
344andbolides
(airbursts) reported
the JPL
CNEOS website
and performance
demonstration, respectively.
The ability
to make
types
measurements
is justinfrasound
as
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and these
attempt
to of
correlate
these with
powerful
and
necessary
in
the
field.
The
measurement
of
radioactive
xenon
by
the
International
Monitoring
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Systemautomatically
(IMS) of the
Preparatory
for the
CTBTO
Preparatory
Commission,
Vienna, However,
Austria this
registered
as partCommission
of the Reviewed
Event
Bulletin
(REB) issued
daily by CTBTO.
(CTBTO
PrepCom)
could
benefit
from
the
ability
to
make
diagnostic
and
quality
control
measurements
at
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
established
monitoring
stations.
The
test
sample
or
measurement
sample
must
be
available
at
the
field
locations
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
to takethe
advantage
of themore
power
of 90%
diagnostic
and quality
control
measurements.
National
Laboratory
REB, while
than
are detectable
at one
or more
infrasoundIdaho
stations.
All airbursts
with(INL)
energy > 2
has demonstrated
ability
prepare
and2007
quality
of radioactive
xenon However,
in variousthe
matrices.
kT reported the
on the
JPL to
fireball
sitetest
since
havesamples
been detected
infrasonically.
REB is only
Partnering
with the
Swedish
Agency
(FOI)system
has lednot
to the
demonstration
the measurement
complete
above
15 kTDefence
with theResearch
automated
detection
having
reported atofleast
four airbursts with
of an air sample spiked with radioactive xenon provided by INL. The preparation, measurement and results of
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emissioniterations
of antineutrinos
is unaffected
by the environment
the explosion
The
the multiple
will be presented
to demonstrate
the capabilityin ofwhich
producing
and using occurred.
diagnostic The
and
antineutrinos
signal
spreads
long
distances
from
the
location
of
the
detonation
through
different
environments.
quality samples.
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.
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Status and Results of Xenon Proficiency Test Exercises

T3.1-O4
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H. Gohla, N. Inoue, N. H. Hermanspahn, R. Plenteda

M.D.ofAllendorf,
Doty, T. Wang, control
A. Benin,
J. Greathouse
One key element
the qualityP.assurance/quality
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results will be detection
presented.strategies are needed that enable much more rapid isotope identification. We will
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalOrganic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.
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Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement together with the first achieved practical results will be presented.
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PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere

T3.3 Remote Sensing, Satellite Imagery and Data Acquisition
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
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small device designed to accommodate these needs and provide the flexibility needed to configure measurement,
data collection, and data analysis for a variety of applications. Continuous acquisition is accomplished with
novel software and hardware which allows for unattended acquisition, analysis, and storage of data over multiple
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
International Atomic Energy Agency, Vienna, Austria
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
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Different types of minerals /rocks were mapped by studying spectral anomalies in processed Landsat 8 and 7
data using band ratio 6/7, 6/5, 4/2, color composite, PCA and supervised classification.
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A New Method to Identifying Radioactivity in the Region of Infrared
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Susceptibility Mapping at Rawalakot, Azad Jammu Kashmir, Pakistan.

Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
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GIS environment. All the parameter layers were assigned weights with 0.04 threshold consistency ratio (CR)
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PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Operational weather radar data from eruption of Mt. Krakatoa in Sunda strait located between Sumatra and Java
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place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
increasing
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
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era where Commission,
more and more
states Austria
may be interested in pursuing nuclear weapons.
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Vienna,
3 limit the sharing of technology and knowledge related to nuclear weapons development,
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held state secret; even for states that report production levels to the IAEA. Having a firm grasp on a state's fissile
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
material production, Contact:
capabilities,
and activities can further inform whether a state has or is planning to develop
and test nuclear devices. Uranium production can be difficult to verify without on-the-ground inspections. As
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
more multispectral (MS) and hyperspectral (HS) sensors are developed and launched, data from these sensors
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
can help verify uranium mining and milling activities. We did a proof-of-concept study on how MS and HS data
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
can be used to monitor front-end uranium production and the potential for this to be implemented as a
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
verification mechanism.
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
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Contact: kornel.szalay@gmail.com

Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
To support the development of airborne OSI equipment configurations in a realistic setting prior to actual testing
In-Situ
ofsimulator
Radioisotopes
on board an aircraft,
an Identification
airborne techniques
has been designed and constructed. As well as providing a

means to support
theAllendorf,
development
of OSI
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National Laboratories, Albuquerque, NM, USA
on the ground before embarking on in-flight training. The simulator has the look and feel of an actual helicopter,
Contact:
with appropriate
seatingmdallen@sandia.gov
and harnesses as well as cabin hard points. The simulator is built on an Mi-2 helicopter
airframe but has been heavily customised to simulate different aspects of various airframes. For example, a hatch
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
has been created inside the cabin to simulate openings in the Sikorsky UH 60 Black Hawk and Eurocopter
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
AS332 Super Puma. Similarly, external hard points have been added to allow the mounting of utility pods
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
designed for the Bell 212 and Eurocopter AS350, which are typically used to house multi-spectral sensors. The
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
flexible nature of the simulator allows different OSI scenarios to be tested and trained, which can incorporate
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
interactions with pilots and OSI representatives on-board the airframe.
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalOrganic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
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CTBTO Standard Station Interface (SSI) is a set of executable programs and application programming interfaces
for acquisition, authentication, archiving, and telemetry of seismic, infrasound, and hydroacoustic data acquired
T3.1-O5
High Sensitive Xe Measurements
by the stations of the IMS nuclear monitoring network. The State of Health(SoH) module of the SSI is the
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developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
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I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
inspection area.
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
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It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
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compliance with the Treaty and therefore practical application of specific spectral regions should be wellgrounded. Based on the IFE-2014 the CTBTO Preparatory Commission developed the OSI Action Plan for
2016-2019 which includes Project 3.1 for examination of integrated airborne systems for MSIR, gamma
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
spectroscopy and magnetic field mapping. One of the problem issues is optimization of all such equipment
1
3
4
5
6 task.
within a limited space
an aircraft.
Therefore2,MSIR
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Cosmogenic
radionuclides
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Contact:
lipeng7221@sohu.com;lipeng101@gmail.com
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
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change
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toolsolution
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weather
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political awareness and technical reliability together to meet the factual OSI requirements. - Field
Communication: Customized field communication system solutions meeting the fundamental requirements of
individual inspectors, inspection teams, base-of-operation, and headquarters, including potential encryption
capability. This would provide an additional option for OSI equipment selection. - UAVs: Potential system
T1.1-O5 Detection Efficiency of the IMS for Bolides
solution and customization based on OSI to keep balance between technical efficiency and least intrusiveness.
While the argumentsP.
in Brown,
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Gitaking place from session to session, technical discussion could continue in
parallel. - Chain of Custody
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University of Western
Ontario,
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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The emission of antineutrinos is unaffected by the environment in which the explosion occurred. The
T3.3-P12 The Significance of Publicly Available Commercial Satellite Imagery for
antineutrinos signal spreads long distances from the location of the detonation through different environments.
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andsorbents.
visually
Unfortunately,
to their short
half-lives,
large dilution
factors,
and the and
longare
times
required
to remotely
acquire
exposing manydue
clandestine
facilities
and unlawful
activities
worldwide
therefore
capable
of monitoring
samples,
information
concerning
time,disasters.
location, Visual
abundance
of specific
isotopes
produced
in thealong
eventwith
can the
be
nuclear weapon
proliferation
andthe
natural
imagery
from these
satellites
can work
lost.
detection
strategies
thatand
enable
much
more rapid
isotope
identification.
IMSConsequently,
data in monitoring
nuclear
weaponare
testneeded
activities
natural
disasters.
Therefore,
satellite
imagery,We
big will
data
describe
radioisotope
identification
coincidence
in a portable
enabled
by Metalanalyticsin-situ
and social
media reporting
couldby
bebeta-gamma
put into proper
use to improve
nuclearsystem
weapon
nonproliferation
Organic
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(MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
and natural
disasters monitoring.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.
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High Sensitive Xe Measurements
Y. Popov
Lares LLC, St. Petersburg, Russian Federation
Contact: yurys_popov@mail.ru

Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement together with the first achieved practical results will be presented.
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High Throughput Argon-37 Field System
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
D. Stephenson, R. Suarez, G. Whyatt
Pacific Northwest National Laboratory, Richland, WA, USA
Contact: jc.hayes@pnnl.gov

PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere

T3.4 Augmented Reality and Fusion of Data from Different
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
Monitoring Technologies
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Contact: igor.chunchuzov@gmail.com

The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
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thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
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pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
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minimum overburdens for the tests. We geolocated the map then extracted locations for the tests and adits by
using imagery from the event, a digital elevation model and satellite imagery. During the process 3D
visualisation software was used to reconstruct the test site, geolocate the adits and explore the site in immersive
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Measurements
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are known atmospheric
tracers and can be used together

in a lock-in
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effectively
trace vertical air masses based on surface measurements. This technique
E. Lipshtat,
M.toKahlon,
M. Kushnir
allows toSoreq
studyNuclear
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and speed
ofIsrael
atmospheric cells. Data show that the cells are decelerating during the
Research
Center,
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Contact:
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height eliezerli@soreq.gov.il
due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
Measurements of electromagnetic (EM) fields have been proposed as a means of supporting and aiding
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
infrasound (IS) signal analysis. As opposed to nuclear explosion, other natural and man-made IS sources do not
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
produce an EM signal. Thus, if an IS signal is not accompanied by an EM pulse, it is known that it is not
forecast.
originated from a nuclear explosion. Lightning discharges are the main source of EM pulses. Due to their high
abundance, fortuitous coincidence of lightning with an IS signal are a common situation. These events may be
mistakenly assumed as a nuclear explosion. To avoid this obstacle, a reliable method for lightning detection and
T1.1-O5
Detection
of the
IMS
for Bolides
identification
is required.
In this Efficiency
work we present
results
of continuous
measurements of EM fields, adjacent to
IAMR IS array at Mt. Meron, Israel. Lightning discharges are detected and analyzed, and their abundance is
P. Brown,
N. Gi We show how information about lightning location can be deduced from
compared with theoretical
predictions.
University
of
Western
Ontario,
London,
ON, Canada
recorded waveform. Correlation with
IS events
is being
examined
as well. We conclude that lightning signals
can be identified and
filtered pbrown@uwo.ca
out, and thus the EM signal can be fused with the IS records to provide better
Contact:
performance of the CTBT monitoring system.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with

163

3

Theme 3: Verification Technologies and Technique Application

CTBT Science and Techology 2019

The emission of antineutrinos is unaffected by the environment in which the explosion occurred. The
antineutrinos signal spreads long distances from the location of the detonation through different environments.
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction
antineutrino and
sensors
into the International
MonitoringEvents
System by
could
help to unequivocally
detect
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tests.
of Ukraine
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In recent years, Ukraine and the adjacent territory has been shaken by a large number of explosions. These are
Contact:fireball
mdallen@sandia.gov
industrial explosions,
explosions, man-made accidents and the consequences of military actions. The
geophysical network of the Main Center for Special Monitoring (MCSM) confidently records the signals from
Radioactive
xenonAdditionally,
isotopes aredata
signatures
clandestine
underground
tests. Their
all these events.
of the of
IMS
and national
networks nuclear
of neighboring
stateslow
areconcentrations
connected for
remote
from
the
event
require
collection
and
separation
from
large
quantities
of
air
using
porous
sorbents.
processing. In addition, satellite images of emergency regions are actively used to refine carbon
data verification
Unfortunately,
due
to
their
short
half-lives,
large
dilution
factors,
and
the
long
times
required
to
remotely
methods. At the same time, there is an urgent need to identify an event and calculate its spatial andacquire
energy
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information
concerning
the time,and
location,
abundance
isotopes for
produced
in theexplosions.
event can be
parameters.
Joint monitoring
of seismic
infrasound
data isofthespecific
most effective
monitoring
In
lost.
Consequently,
detection
strategies
needed
enablebymuch
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isotope
identification.
We will
this case,
with a ground
explosion,
the are
location
of that
the event
the seismic
method
is confirmed
by infrasound
describe
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identification
byan
beta-gamma
coincidence
in a portable
system enabled
by Metaldata. At in-situ
the same
time, the presence
of only
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indicates
an air explosion.
In addition,
such
Organic
Frameworks
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of
sorbents
with
surface
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as
7000
m2/g.
explosions are important for network calibration. To determine the energy of the explosions, empirical
MOFs
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uniqueofamong
First,
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surface
dependences
constructedofbased
on hundreds
signalsnanoporous
from careermaterials.
explosions,
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which
the coordinates
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adsorption
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weakly
interacting
gases
such
as
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Second,
established
structureand the amount of explosives are already known in advance. Subsequent evaluations for accidental explosions
function
relationships
governing MOF gas uptake enable rational design of materials optimized for specific
confirmed
their viability.
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
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and Location of an Earthquake Using Seismic, Infrasound and
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systems usedDetection
for CTBT verification.

Hydroacoustic Data: A Case Study of Botswana
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Strong earthquakes are rare in southern Africa. Botswana is located in the Southern Region of Africa. Botswana
Contact:
yurys_popov@mail.ru
experienced an
earthquake
on April 3, 2017 that was felt in South Africa, Zimbabwe and Swaziland. Data
collected
from
seismic,
infrasound
anddetected
hydroacoustic
(SHI)
stations
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onthat
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Due to its
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developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during

oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
T3.4-P5 together
National
Network
of Samoa
measurement
withSeismic
the first achieved
practical
results will be presented.
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processing system which based on network platform. We extend the functionality of AR
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record vibration
data. Seismic
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nuclear explosion,
including
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International
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motion
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Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
application
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JOPEN
software
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interest
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computer
application
and
human-machine
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
interaction.Argon-37
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is installedproduct
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to awhen
digitizer
to record
specified
explosion.
is an activation
generated
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interact
with frequency,
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the soil
accuracy
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direction
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other
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from
the
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surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates
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existing
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explosion. Detection
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We explored joined analysis
of seismic and
infrasonic
signals for improvement in automatic monitoring of small
events using collocated
seismic
and infrasonic networks operating in Israel during 2012-2017 within the BiContact:
igor.chunchuzov@gmail.com
national USA-Israel Science Foundation (BSF) project. The network covering Israel territory comprised 14
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the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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3
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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The emission of antineutrinos is unaffected by the environment in which the explosion occurred. The
antineutrinos signal spreads long distances from the location of the detonation through different environments.
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.

T3.5 Data Analysis Algorithms, Artificial Intelligence,
Big Data and Deep Learning

Oral Presentations
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
In-Situ Identification of Radioisotopes
A Methodology to Establish Bayesian Detection Limits for Radionuclide
M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
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Institut de Radioprotection et de Sûreté Nucléaire (IRSN), Fontenay-Aux-Roses, France
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
guillaume.manificat@irsn.fr
remote from theContact:
event require
collection and separation from large quantities of air using porous carbon sorbents.
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
The decision that a given detection level corresponds to the effective presence of a signal (i.e. a radionuclide
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
activity) is currently widely made on the basis of a classic hypothesis test. However, the classic framework
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
suffers several drawbacks, such as the impossibility to provide a probability of a given level of signal or a
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by Metallimitation on the type of distributions (ISO 11929). Furthermore, for heteroscedatic distributions, simulations
Organic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
have underlined the poor performance of these methods (Strom et al, Health Physics, 81(1), 2001). Several
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
attempts have been made in the past to use a bayesian framework in detection and decision problems. Most have
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurenot been able to overcome some hurdles in the definition of hypothesis testing with a point like null hypothesis.
function relationships governing MOF gas uptake enable rational design of materials optimized for specific
We propose a method having good performances in terms of false positive rates, which can be applied to various
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
type of distributions (analytically in some cases and at least numerically) and whose underlying principles are
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
easy to understand. It relies on the interval estimation of the difference between two signals (noise versus noise
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
added to the potential signal).
of systems used for CTBT verification.
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Unfortunately only
Xe133
is usually detected in the air samples on IMS Noble Gas installations. Due to its
Contact:
ileana.tibuleac@us.af.mil
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
In this study we
an improved
semi-automatic
methodonly
for estimating
depth
of very
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concentrations
aredescribe
a few orders
of magnitiude
lower andcepstral
it is therefore
possible tothe
detect
them
within
short
earthquakes
(depth
<
3km
)
and
explosions.
To
estimate
yield
and
location,
this
method
is
crucial,
especially
for
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
-5
3
explosions,
for
which
the
depth
phase
(pP)
is
not
easily
discernable
from
the
first
arrival
(P).
Unlike
previous
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10 Bq/m . We
cepstral studies,
novel the
procedure
utilizes
Power
and the
Complex
Cepstrums,
homomorphic
developed
a systemour
to purify
Xe sample
from the
a Xe-Kr
mixture
which
is accumulated
as a and
by-product
during
deconvolution
in
performing
these
estimates.
The
analysis
includes
two
steps:
at
first,
an
optimal
windowtheis
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During
chosen, usingthe
a reduced
setthe
of metrics;
second, metrics
to homomorphic
deconvolution
applied
on the
presentation
design of
sample preparation
unit,related
the beta-gamma
spectrometer
suitablearefor
big sample
best
data
windows,
and
a
statistically
most
probably
signal-echo
delay
is
chosen.
The
metrics
quantify:
measurement together with the first achieved practical results will be presented.
scalloping and unwrapping, power and complex cepstrum similarity; liftering adequacy; and success of the
homomorphic deconvolution, which includes delay lag recovery, and deconvolved waveform comparison to the
initial signal. Weights applied to each metric are set empirically, or based on the adequacy of the minimum –
T3.1-O6
High Throughput
Argon-37
Field
phase signal approximation.
The algorithms
are tested
onSystem
a ground-truth database, with well-known depth events
and on synthetic
waveforms.
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
D. Stephenson, R. Suarez, G. Whyatt
Pacific Northwest National Laboratory, Richland, WA, USA
Contact: jc.hayes@pnnl.gov
PNNL is exploring the use of 37Ar for detecting nuclear explosion, including for use in the International
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Numerous studies have
shown
for small regions monitored by a sparse network, that modern methods of
detecting and locating clusters of seismic events are orders-of-magnitude more effective that traditional methods
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the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
use the method of waveform cross correlation (WCC) for assessment of the similarity between events on stationContact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
by-station basis. A list
of master-events
(MEs) for the WCC currently includes ~450,000 REB events with high
and intermediate quality of waveforms templates. For automatic event hypotheses, only MEs within 15 degrees
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
are used. To corroborate a daily REB, which includes events reviewed after automatic processing and those
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
added manually, we also test all these events for similarity with MEs within 5 degrees. Two instances of the
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
WCC-based assessment implemented: (1) automatic dual REB-based comparison with the historical REB events,
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
and (2) an interactive spot check aimed at specific area, time period, event characteristics, stations, etc. The latter
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
can be used as a tool for the IDC interactive review, as well as an instrument for the Special Studies and Expert
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
Technical Analysis conducted under State’s Party and PTS, or On-Site Inspection request.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T3.5-O6

Earthquake Detection with Convolutional Neural Network and Precise
Earthquake Location with 3-D Velocity Model in the Southwest Sichuan,
China
T1.1-O5
Detection Efficiency of the IMS for Bolides
L. Fang
P. Brown, N. Gi
Institute
of Geophysics,
China
Seismology
Bureau,
Beijing, China
University
of Western
Ontario,
London,
ON, Canada
Contact:
flh@cea-igp.ac.cn;flh81@126.com
Contact:
pbrown@uwo.ca

We present
an earthquake
algorithm
the basis(airbursts)
of convolutional
neural
(CNN)CNEOS
for a local
In this
study wedetection
examined
344 onbolides
reported
onnetwork
the JPL
website
seismic(https://cneos.jpl.nasa.gov/fireballs/)
network in the southwest Sichuan, China.
The2007-2018
seismic network
is composed
of 30 stations.
CNN
is
between
and attempt
to correlate
theseThe
with
infrasound
traineddetections.
over 2900We
regional
earthquakes.
The performance
is tested
continuous
waveforms
found 206
of these bolides
were detectable
by atwith
least5-month
one infrasound
station
while onlyand
42 were
compared
with manually
picked
About 85%
differences
of CNN
phaseHowever,
onsets this
automatically
registered
as phase
part ofarrivals.
the Reviewed
Eventarrival
Bulletin
(REB) issued
dailypredicted
by CTBTO.
versusglobal
original
manual
picksrate
for the
test dataset
is less
than
0.1s. We is
construct
a 3-D
initial velocity
model2014-2018)
with
REB
detection
of ~10%
averaged
from
2007-2018
less than
the "modern"
rate (from
joint inversion
of surface20%.
waveAbove
dispersion
and teleseismic
P-wave receiver
Weairbursts
then determined
which approaches
the 1curves
kT CTBTO
design threshold,
we find functions.
that 40% of
are reported in
a fine the
3-DREB,
velocity
model
travel time
Thestations.
lateral velocity
modelwith
is about
while
morewith
thanbody
90%wave
are detectable
at tomography
one or more method.
infrasound
All airbursts
energy > 2
20km*20km,
whichonisthe
improved
greatlysite
compared
withhave
previous
we relocated
30 years'
kT reported
JPL fireball
since 2007
been studies.
detectedThen
infrasonically.
However,
theregional
REB is only
earthquakes
withabove
the 3-D
velocity
model.
The location
software
station elevation,
and the with
complete
15 kT
with the
automated
detection
systemtakes
not having
reported attopography
least four airbursts
Earth's ellipticity into consideration, and can use Pg, Pn, PmP, Sg, Sn, SmS and sPn phases simultaneously. The
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average
absolute
error isis less
than 1 km.
precision of the
emission
of location
antineutrinos
unaffected
by The
the environment
in earthquake
which the location
explosionis calibrated
occurred. by
Thea
The
dense
seismic
array
and
repeating
earthquakes.
Our
research
enhances
the
scientific
community's
ground
truth
antineutrinos signal spreads long distances from the location of the detonation through different environments.
datapropose
collections.
We
to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.

T3.5-O7

Identification of Repeating Seismic Events Using Diffusion Maps

T3.1-O4

Y. Bregman the
, N. Rabin
, Y. Ben
Horin
Exploiting
Tailorable
Nanoporosity
of Metal-Organic Frameworks for
1
Soreq Nuclear Research Center, Israel
2
In-Situ
Identification
of
Radioisotopes
Afeka - Tel Aviv Academic College of Engineering, Israel

1

2

1

M.D.
Allendorf,
P. Doty, T. Wang, A. Benin, J. Greathouse
Contact:
yuri@ndc.soreq-ndc.gov.il;yuri@soreq.gov.il
Sandia National Laboratories, Albuquerque, NM, USA
In this work, an advanced machine learning technique named diffusion maps is applied for automatic
mdallen@sandia.gov
identification Contact:
of repeating
seismic event clusters such as an aftershock sequence. Identification of such a
sequence
will
help
to
lighten
thesignatures
analysts’ burden
and to allow
for timely
production
reviewed
bulletins. The
Radioactive xenon isotopes are
of clandestine
underground
nuclear
tests. of
Their
low concentrations
proposed
methods
begin
with
a
pre-processing
stage
in
which
a
time–frequency
representation
is
extracted
from
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
each
seismogram
while
capturing
common
properties
of
seismic
events
and
overcoming
magnitude
differences.
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
Then diffusion
maps concerning
are used inthe
order
to location,
constructabundance
a low-dimensional
of the
original
In this
samples,
information
time,
of specificmodel
isotopes
produced
in data.
the event
cannew
be
low-dimensional
space,
classification
analysis
is
carried
out.
The
algorithm’s
performance
is
demonstrated
on
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
several
seismic
data
sets
that
were
recorded
at
the
IMS
stations,
as
the
identification
process
can
be
carried
out
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by Metal2
with no Frameworks
need of master
templates
forhighly
detecting
new aftershocks.
Moreover,
the proposed
bemused
/g.
Organic
(MOFs),
a new,
tailorable
class of sorbents
with surface
areas asmethod
high ascan
7000
together
with
the
waveform
cross-correlation
detector
as
a
verification
tool
for
reducing
the
number
of
false
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
alarms.
areas
facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
T3.5-O9
for Emulation
of Seismic-Phase
Travel
Times
3-D Our
xenon
isotopesMachine
virtually inLearning
real time when
used in a novel
high-pressure detection
system
we in
designed.
MOF-enabled detection
concept could dramatically improve the reliability, timeliness, and information content
Earth Models
of systems used for CTBT verification.
S. Myers, D. Jensen, N. Simmons
Lawrence Livermore National Laboratory, Livermore, CA, USA

T3.1-O5

High Sensitive Xe Measurements

Contact: myers30@llnl.gov
Y. Popov
We develop Lares
a machine
learning
approach
to emulate
seismic-phase travel time calculation through a 3LLC, St.
Petersburg,
Russian
Federation
dimentional (3-D) Earth model. Our goal is to establish a computationally efficient way to implement 3-D Earth
Contact:
yurys_popov@mail.ru
models in real-time
monitoring
systems and enable routine utilization of 3-D models in basic research. Seismicphase
travel
times
computed
using
a 3-D
Earthinmodel
cansamples
reduce on
travel-time
prediction
error to approximately
Unfortunately only Xe133 is usually
detected
the air
IMS Noble
Gas installations.
Due to its
0.6
seconds
on
average,
leading
to
median
event
epicenter
error
of
approximately
6
km
a networkxenon
with
relatively higher concentration in comparison with metastable xenon isotopes. The for
metastable
azimuth
gap
less
than
120°.
Computation
of
travel
times
through
a
3-D
model
can
take
0.1
to
1.0
seconds,
which
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
is orders of
too slow
for real-time
monitoring
systems.
Wefor
train
gradient-boosted
regressor
distances.
Themagnitude
new proposed
method
uses Xe samples
of large
volume
eacha measurement
(>100
ccm of using
pure
-5
3
travel
times
computed
through
the
LLNL-G3D
model.
The
training
set
is
millions
of
travel
times
from
randomly
. We
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10 Bq/m
selected event
locations
to each
station,
well asmixture
randomly
selected
station locations.
Preliminary
tests
developed
a system
to purify
thenetwork
Xe sample
fromasa Xe-Kr
which
is accumulated
as a by-product
during
find thatand
machine
learning
effectively
globalair
effects
like ellipticity
andair
event
depth. The
effects
of thethe
3oxygen
nitrogen
production
fromcaptures
atmospheric
at different
types of
separation
plants.
During
D
model
can
be
emulated
with
resulting
errors
dominated
by
the
3-D
model
itself,
and
computation
time
on
the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
order of 10 micro-seconds.
On-going
researchpractical
efforts include
optimization
of training-set sampling.
measurement
together with the
first achieved
results will
be presented.

T3.5-O10 High
NET-VISA:
Evaluation
of Event
T3.1-O6
Throughput
Argon-37
FieldLocation
System Performance Compared to SEL3,
and NEIC PDE

J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
1
2
3
I. Bondár
, N. Arora
, R. Le
D.
Stephenson,
R. Suarez,
G. Bras
Whyatt
1
Pacific
NorthwestCentre
National
Richland,
WA, USA Budapest, Hungary
MTA Research
for Laboratory,
Astronomy and
Earth Sciences,
2
Bayesian
Logic,
Inc.,
USA
Contact:
jc.hayes@pnnl.gov
3
CTBTO Preparatory Commission, Vienna, Austria
PNNL is exploring
the bondar@seismology.hu;ibondar2014@gmail.com;istvan@isc.ac.uk
use of 37Ar for detecting nuclear explosion, including for use in the International
Contact:
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
The CTBTO's
International
Data Centre(PNNL)
is in the
implementing
NET-VISA,
a new algorithm
to
Pacific
Northwest
National Laboratory
to final
detectstages
37Arofactivity
generated
from an underground
nuclear
perform theArgon-37
automaticisassociation
and location
in the when
next generation
software.
NET-VISA
explosion.
an activation
product steps
generated
neutrons IDC
interact
with calcium
in applies
the soila
Bayesian approach
with a forward
physical
model
probabilistic
propagation,
station
surrounding
an underground
nuclear
explosion.
Asusing
a noble
gas, argonrepresentations
is unreactive of
andthemigrates
through
the
capabilities,
and noise statistics
obtain thefission
maximum
posteriori
solution
to the
highly
earth
and canbackground
be released seismicity
into the atmosphere
with the to
radioxenon
gasesa that
are also
produced
during
a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Atmospheric
Boundary
asNET-VISA
a Laboratory
forrunning
Modeling
Infrasound
nonlinear
problems of
phase association
and eventLayer
location.
has been
operationally
at the
IDC in parallel with Propagation
SEL3 since August
2017. We compared
17 months between August 1, 2017 and January
and1,Scattering
in the Atmosphere
1, 2019 of NET-VISA and IDC Standard
Event List1(SEL3) bulletins1 to the USGS
Preliminary Determination
of 2
1
1
2
I. Chunchuzov
, S.
Kulichkov
V. Perepelkin
O. Popov
A. Vardanyan
G. Ayvazyan
Earthquakes (PDE) bulletin
as well as
relocations
of,NET-VISA
and ,IDC
SEL3 ,bulletins
with the, iLoc
location
1
A.M. Obukhov
Institute
Atmospheric
of Science,
Moscow,
algorithm using travel-time
predictions
from ofthe
global 3D Physics,
RegionalRussian
SesimicAcademy
Travel Times
(RSTT)
modelRussian
to
Federation
assess the performance
of
NET-VISA
in
terms
of
completeness
of
the
automatic
events
and
location
accuracy.
2
Barva Innovation
Center,
Talin, Armenia
We demonstrate that NET-VISA
achieves
improvements
over the IDC SEL3 on both accounts and thus provides
a more complete andContact:
accurate starting
bulletin for the IDC analyst review.
igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
T3.5-O11
Peak Identification in EDS Measurements Using Multiple Subset Sum
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Problem
Formulation
thin layers of the ABL
have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from
the
source.
It
is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
M. Maiza
similar to
the
mechanism
of scattering Alger,
of signals
from ground surface explosions by layered nonhomogeneities
Ecole Militaire Polytechnique,
Algeria
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Contact:
maiza_mohamed@yahoo.fr
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
In the framework of the everyday activity of NDCs analysts, accurate EDS analysis is generally achieved
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
through a correctly identification of various spectral peaks and other features of the spectrum. In practice,
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
however, it is easy to misidentify X-ray peaks based on preconceptions of the result and due to presence of
This work was supported by RFBR N 18-55-05002
cumulated peaks. In fact, one of the most common errors made by EDS novices is the failing to identify X-ray
peaks. One of the main reasons for the misidentification of X-ray peaks is due to the presence of the cumulated
peaks. Cumulated peak are generally caused by accumulation of different possible values of emitted energies for
T1.1-O4
Climate
ChangeofThrough
Eyes of Radioisotopes
a certain
nuclide present.
The matching
unidentifiedthe
or cumulated
peaks with adequate nuclides can be viewed
as a combinatorial problem. 1To solve this problem
and to identify
peaks, we propose in this work a compact
2
3
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey4, M. Schoeppner5, I. T. Hoffman6
formulation of the problem
as an integer linear program. The problem can be equivalently formulated as the
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
well-known decision2 problem called the multiple subset sum problem which it can easily be solved in pseudoCTBTO Preparatory Commission, Vienna, Austria
polynomial time using
3 dynamic programming.
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
T3.5-O12 Recent
Improvements
on the
Broadband
Network
Health
Canada, Radiation
Protection
Bureau,Seismic
Ottawa, ON,
Canadaof Iran

(Implementing
Tuned Seiscomp3 and Automatic Online Moment Tensor
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Inversion)

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
S. SoltaniMoghadam,
G. Javan
in a lock-in
technique to effectively
traceDoloei
vertical air masses based on surface measurements. This technique
International
Institute
of
Earthquake
Engineering
and
Seismology
(IIEES),
Tehran,
Iran
allows to study progression and speed of atmospheric
cells.
Data
show that
the cells
are decelerating
during the
summer Contact:
period which
is
extending
in
time.
This
is
caused
by
warming
of
the
whole
troposphere
and increased
saeed.soltani@iiees.ac.ir;saeed.sltm@gmail.com
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Iran plateau
known
one of the
highestthat
seismic
regions
in thethunderstorms
world. Therefore,
it is very important
to
Europeiswith
lowaspressure
gradients
led toactive
almost
stationary
are correlated
with the observed
know deceleration
quickly about
the location cell
andmovement.
the sourceThis
mechanism
of large
earthquakes.
of atmospheric
demonstrates
that 7Be
and 22NaThe
can broadband
be used as seismic
indicators for
network
of Iran was
established
sinceof1998
withchange
4 broadband
seismic stations
by International
confirming
several
side effects
climate
while providing
a new modelling
tool in Institute
seasonal of
weather
Earthquake
Engineering and Seismology (IIEES). During last few years the total number of active seismic
forecast.
stations reaches 28. This number is expected to be increased up to 48 stations by the end of 2030. The increasing
amount of seismic data receiving by the IIEES Data Center, has taken us to install and use the Seiscomp3 as an
acquisition
system to
process the
real-time data
since
2017.
T1.1-O5
Detection
Efficiency
of the
IMS
forSeiscomp3
Bolides leads to decreasing the time of 25
minutes manual event location to 5 minutes automatically. Moreover, we have utilized the Automatic Online
Moment Tensor Inversion
codeN.
(AOMTI)
successfully, since 2018. Within 30 min after occurrence of an event
P. Brown,
Gi
with Mw > 4.5, the AOMTI
starts
to calculate
the source.
results including main-shock epicenter, last
University
of Western
Ontario,
London,The
ON,final
Canada
one month seismicity, focal mechanism, and waveform fits as a map will be sent immediately to predefined
Contact: pbrown@uwo.ca
organizations.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Statistical
of antineutrinos
is unaffected
by theCommon
environment
in which the explosion
occurred.
The
T3.5-O13
Analysis
to Advance
Understanding
on SAUNA
False The
antineutrinos signal
spreads
long distances from the location of the detonation through different environments.
Positives
Hypothesis
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
Mulunda,
A. into
Gheddou,
M. Kalinowski,
B. LiuSystem could help to unequivocally detect
introduction ofR.D.N.
antineutrino
sensors
the International
Monitoring
nuclear weaponCTBTO
tests. Preparatory Commission, Vienna, Austria

Contact: daisy.mulunda@gmail.com
The Preparatory
Commission
the CTBTO,
Vienna, Austria
(CTBTO) is establishing
an International
T3.1-O4
Exploiting
the for
Tailorable
Nanoporosity
of Metal-Organic
Frameworks
for
Monitoring System (IMS) including 80 radionuclide stations, of which 40 will also be equipped with capabilities
In-Situ
Identification
of
Radioisotopes
for measuring CTBT relevant xenon isotopes (Xe-131m, Xe-133, Xe-133m and Xe-135). The CTBTO

International Data
(IDC)P.operates
for processing spectral data from the IMS
M.D.Centre
Allendorf,
Doty, T.dedicated
Wang, A.analysis
Benin, software
J. Greathouse
noble gas systems.
analysis
of beta-gamma
coincidence
Noble
SandiaThe
National
Laboratories,
Albuquerque,
NM,
USAGas data is based on Net Count Calculation
(NCC) method which, in its standard implementation, only performs interference corrections if a positive net
Contact:
mdallen@sandia.gov
signal is present.
A retrospective
analysis of reported detections seems to show overestimated rate of false
positives
for
some
isotopes.
With
the
aim of
of clandestine
improving the
analysis results,
new configuration
of the NCC
Radioactive xenon isotopes are signatures
underground
nucleara tests.
Their low concentrations
method
that
systematically
performs
interference
corrections
was
tested
and
the
results
are
statistically
remote from the event require collection and separation from large quantities of air using porous carbon compared
sorbents.
with the standard
Data half-lives,
for the period
from 7and
SAUNA
systems
was usedtofor
the analysis
of
Unfortunately,
duemethod.
to their short
large2014-2016
dilution factors,
the long
times required
remotely
acquire
detection
rates
per
detector
and
per
isotope.
Achieved
results
based
on
the
normality
test,
skewness
and
kurtosis
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
are visualized
through
QQ plots
and probability
density
graphs.much
The presentation
will compile
the findings
lost.
Consequently,
detection
strategies
are needed
that enable
more rapid isotope
identification.
Webased
will
on
these
statistical
Figures
Of
Merit.
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by Metal-

Organic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas
facilitate The
selective
adsorption of weakly
interacting
gases such
as Cradle
xenon. Second,
established
structureT3.5-O14
Machine-Learning
Tool
NET-VISA
from
to Adulthood
- The
function relationships
governing
MOF
gas
uptake
enable
rational
design
of
materials
optimized
for
specific
Next Generation System of the IDC and the SnT Process
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
1
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1
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, I. Bondár3,detection
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Le Brasin
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xenon isotopesR.virtually
realArora
time 2when
used in1, aP.novel
high-pressure
system
we designed.
Our
1
1
1
5
5
6
1
M.
Villarroel
,
B.
Vera
,
A.
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Russell
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Taylor
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
Preparatory
of systems used1 CTBTO
for CTBT
verification.Commission, Vienna, Austria
2
Bayesian Logic Inc., USA
3
MTA Research Centre for Astronomy and Earth Sciences, Budapest, Hungary
4
United
Nations Conference
on Trade and Development (UNCTAD), Geneva, Switzerland
T3.1-O5 High
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Xe Measurements
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Y.University
Popov of California, Berkeley, CA, USA
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LLC,ronan.lebras@ctbto.org
St. Petersburg, Russian Federation
Contact:

Contact: yurys_popov@mail.ru
A research concept presented on a poster at the very first SnT conference in 2011 has resulted in a fully-fledged
operational software
product
the Noble
tools used
the International
Unfortunately
only Xe133
is named
usuallyNET-VISA.
detected in Itthehasairbecome
samplesone
onofIMS
Gas by
installations.
Due toData
its
Centre (IDC)
waveform
analysts in
to review
and improve
the SEL3 bulletin
and produce
REB, one xenon
of the
relatively
higher
concentration
comparison
with metastable
xenon isotopes.
Thethemetastable
finest global seismological
bulletins,
and the only
seismic
hydroacoustic
The short
basic
concentrations
are a few orders
of magnitiude
lowerone
andtoitcombine
is therefore
onlyand
possible
to detect sensing.
them within
scientific
concepts
will
be
presented
but
the
emphasis
will
be
on
the
process
of
adopting,
developing,
adapting,
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
-5
testing,
bulletproofing,
andXe131m,
operationalizing
the initial
off-line
involving
Bq/m3.State
We
Xe)
resulting
in MDCs for
Xe133, Xe133m
andprototype.
Xe135 in Extensive
every sample
of lesstesting
than 10
Signatoriesa system
experts tohas
shown
one of from
the expected
benefits which
of NET-VISA
-- a substantial
reduction
in
developed
purify
the that
Xe sample
a Xe-Kr mixture
is accumulated
as a by-product
during
missed and
events
compared
to Global
Asociation
(GA)air-- athasdifferent
been realized.
NET-VISA
an
oxygen
nitrogen
production
from
atmospheric
types ofCurrently,
air separation
plants. generates
During the
automatic bulletin
VSEL3,
in parallel
to SEL3. Tounit,
takethe
advantage
of thespectrometer
reduced missed
eventforrate,
the
presentation
the design
of the
sample preparation
beta-gamma
suitable
big only
sample
events which together
are complementary
the reviewed
SEL3
are presented
to the analysts. VSEL3 has been in place
measurement
with the firsttoachieved
practical
results
will be presented.
since January 2018 and tracing the origin of the REB events confirmed the significant reduction in missed
events. If sufficient confidence is established, NET-VISA will replace GA in producing the SEL3.

T3.1-O6

High Throughput Argon-37 Field System

C. Hayes,
K. Silvers, C. Aalseth,
T. Alexander,
Back, M. Foxe,
Lidey,
J. Mendez,
T3.5-O15 J.Unified
Implementation
of NCC
AnalysisH.Algorithms
forL.Both
Current
and
D.
Stephenson,
R. Suarez,
G. Whyatt Coincidence Based Noble Gas Systems
Next
Generation
Beta-Gamma

Pacific Northwest National Laboratory, Richland, WA, USA
A. Gheddou,
M. Kalinowski
Contact:
jc.hayes@pnnl.gov
CTBTO Preparatory Commission, Vienna, Austria
PNNL is exploring
the abdelhakim.gheddou@ctbto.org
use of 37Ar for detecting nuclear explosion, including for use in the International
Contact:
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific
National Laboratory
detect 37Ar
activity
from
an underground
nuclear
AmongNorthwest
the most promising
technologies(PNNL)
for nexttogeneration
of noble
gasgenerated
systems are
those
based on Silicon
PIN
explosion.
is an
product
neutrons
withof calcium
in the soil
diodes for Argon-37
beta. It has
beenactivation
demonstrated
thatgenerated
the high when
electron
energyinteract
resolution
these detectors
can
surrounding
underground
nuclear explosion.
As a noble
gas, argon
is unreactive
and migrates
throughnoble
the
significantlyan
improve
the discrimination
power between
Xe-131m
and Xe-133m.
The first
next generation
earth
and can besystems
releasedSAUNA-III
into the atmosphere
with theNG
radioxenon
fission
gases thatbyareFOI
also(Sweden)
producedand
during
a
gas (NG-NG)
and SPALAXdeveloped,
respectively,
CEA
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Atmospheric
Layer astesting
a Laboratory
Modeling
Infrasound
(France)
are currently
undergoing theBoundary
one –year acceptance
by CTBTO. for
Xenon
International
(USA) and
MIKS (Russian Federation)
are following.
Each system
design features that improve on current
Propagation
and Scattering
inhas
thespecific
Atmosphere
operational systems, which require customized
software
solutions to1 process resulting
spectral data.
In order to 2
1
1
1
2
I. Chunchuzov
Kulichkov
, V.initiated
Perepelkin
, O.unified
Popovsoftware
, A. Vardanyan
, G. project
Ayvazyan
ensure smooth integration
of NG-NG, S.
systems,
the IDC
a new
development
for
1
A.M.
Institute
of Atmospheric
Physics,
Russian
of Science,
Moscow,
Russian
timely deployment into
the Obukhov
production
environment.
The software
is based
on Academy
the Net Count
Calculation
(NCC)
Federation
method. The implementation
allows data from all systems to be automatically processed using the same software
2
Barva
Innovation
Center, Talin,
Armenia
tool, taking into account inherent
specificities.
The new
software has been rapidly developed and is available
already during the acceptance
testing period. The contribution presents the key features of the new unified
Contact: igor.chunchuzov@gmail.com
implementation of NCC algorithms, for handling both current and next generation technologies.
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
T3.5-O16
Machine Learning to Categorize Radionuclide Spectra
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from
the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
T. Edwald
similar to
the mechanism
of scattering
of signals
ground surface explosions by layered nonhomogeneities
CTBTO
Preparatory
Commission,
Vienna,from
Austria
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Contact:
tryggvi.edwald@ctbto.org
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the
layer
multiplied
by
the
relative
in effective Convolutional
sound velocityNeural
and normalized
by the to
vertical
The presentation describes work using
one-difference
and two-dimensional
Networks (CNNs)
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
categorize radionuclide spectra. The aim of this work is to automatically recognize 'normal' spectra and thus
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
possibly reduce the work of the human analysts, which would need to focus on the unusual spectra which are
This work
supported by RFBR N 18-55-05002
more difficult
to was
categorize.

Poster
Presentations
T1.1-O4
Climate Change Through the Eyes of Radioisotopes
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian NuclearofResearch
Center
(SCK•CEN),
Mol, for
Belgium
T3.5-P1 A Demonstration
the RKF
Solution
Method
Multi-Physics Analysis of
2
CTBTO Preparatory Commission, Vienna, Austria
Radionuclides
Evolved in Nuclear Testing
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
G. Sjoden
5
University
of Applications
Natural Resources
AppliedPatrick
Life Sciences
(BOKU),
Vienna,
Air Force
Technical
Centerand
(AFTAC),
Air Force
Base, FL,
USAAustria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: glenn.sjoden@us.af.mil
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
The prediction of radionuclide source term values generated from a nuclear test, and discriminating those
Cosmogenic
sodium-22
are known
atmospheric
tracers andiscan
used together
radionuclides
fromradionuclides
a competing beryllium-7
backgroundand
activity,
including
medical
isotope production,
an be
important
lock-in
technique activities.
to effectively
trace vertical
air the
masses
based
on surface
measurements.
This technique
metricinina treaty
monitoring
To properly
quantify
various
fission
products
and other radioactive
allows
to study
and speedcapturing
of atmospheric
cells.
show
that the cells
aretransmutation,
decelerating during
materials
generated
in progression
a nuclear explosion,
the effects
of Data
nuclide
production,
decay,
and the
summer
which
is extending in
time. This
caused by warming
of the
the whole
and increased
chemistry,
etc,period
involves
a multi-physics
approach
thatisfundamentally
requires
solutiontroposphere
of the production
tropopause
height
dueconstitute
to rising CO2
concentrations.
Aestival
episodes
of persistent
systems
Bateman
equations.
These
a coupled
set of linear
differential
equations
that, high-pressure
depending upon
the over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
radionuclides of interest, can have radically diverse time dependencies spanning many orders of magnitude,
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
making their solution numerically stiff at best. An "on the fly" approach to achieving correct isotopic solutions for
confirming
several
effects
change while providing
a new methodology.
modelling toolRKF
in seasonal
with certified
accuracy
is side
possible
via of
theclimate
Runge-Kutta-Fehlberg
(RKF) solution
employs weather
a
forecast.
variable time step with error control to maintain a targeted error Residual (R). The thrust of this work is to

evaluate the efficacy of employing the RKF methodology to dynamically solve for a set of radionuclides
important to treaty monitoring, and assess the multi-physics options that can be incorporated in this approach.

T1.1-O5

T3.5-P2

Detection Efficiency of the IMS for Bolides

P. Brown, N. Gi

A New
Analysis
Method
for Beta-Gamma
Radioxenon Spectra, Including
University
of Western
Ontario,
London, ON, Canada
Improved Calculation of Decision Limits

Contact: pbrown@uwo.ca
A. Ringbom, A. Axelsson
In thisSwedish
study Defence
we examined
344 bolides
(airbursts)Sweden
reported on the JPL CNEOS website
Research Agency
(FOI), Stockholm,
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Contact:
anders.ringbom@foi.se
detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
A new method for analysis of beta-gamma coincidence radioxenon spectra has been developed. The problem is
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
formulated as a linear equation system, solved by matrix inversion. This makes the analysis procedure simpler
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
compared to the NCC method, including the calculation of covariances. Furthermore, only 6 instead of 10
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
regions of interest are needed. In addition, the estimation of the decision limits is modified compared to the
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
NCC-method using a Bayesian correction to adjust for the fact that the estimated background can be negative,
complete above 15 kT with the automated detection system not having reported at least four airbursts with
which in turn can lead to undefined decision limits. This modification allows the decision limits to always be
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defined,
and they
also come closer
to the assumed
which the
reduces
the number
of false
emission
of antineutrinos
is unaffected
by the confidence
environmentlevel,
in which
explosion
occurred.
The
The
detections,
in
particular
for
the
metastable
isotopes
131mXe
and
133mXe,
as
shown
by
Monte-Carlo
antineutrinos signal spreads long distances from the location of the detonation through different environments.
simulations.
We
propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.

T3.5-P3

T3.1-O4

A New Approach for Calculating 1D Local Velocity Model Using Particle
Swarm Optimization Technique
Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
S. SoltaniIdentification
Moghadam, M.of
Tatar
In-Situ
Radioisotopes

International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran
M.D.
Allendorf,
P. Doty, T. Wang, A. Benin, J. Greathouse
Contact:
saeed.soltani@iiees.ac.ir;saeed.sltm@gmail.com
Sandia National Laboratories, Albuquerque, NM, USA
A new method for calculating 1D local seismic velocity model is proposed by using one of the powerful methods
Contact: mdallen@sandia.gov
in global optimization techniques named Fuzzy Self-Tuning Particle Swarm Optimization (FST-PSO). It
generates random
models)
a pre-defined
solution space
in which
after number
of iterations
Radioactive
xenon particles
isotopes (velocity
are signatures
of in
clandestine
underground
nuclear
tests. Their
low concentrations
they lead
to the
a model
yields
best fitsand
to separation
the data. Not
using
partial derivatives
travel-times
to
remote
from
event that
require
collection
from
largethe
quantities
of air usingofporous
carbon respect
sorbents.
model parameters
and
performing
no matrix
it enables
to speed
up the
calculations.
In addition,
Unfortunately,
due to
their
short half-lives,
largeinversion,
dilution factors,
and the
long times
required
to remotely
acquire
because the
PSO family
membersthe
usetime,
onlylocation,
random abundance
processes toofgenerate
models,
they are
inherently
stable
samples,
information
concerning
specific new
isotopes
produced
in the
event can
be
and
avoid
all
numerical
problems
encountered
in
deterministic
methods.
Taking
advantage
of
fuzzy
logics
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
implemented,
parametersidentification
are needed tobybebeta-gamma
adjusted including
social,
inertia
for running
the
describe
in-situno
radioisotope
coincidence
in acognitive
portable and
system
enabled
by Metalprogram.Frameworks
The proposed
methodology
is very tailorable
easy-to-use,
effective
and powerful.
Its areas
proficiency
checked
on
Organic
(MOFs),
a new, highly
class
of sorbents
with surface
as highwas
as 7000
m2/g.
both synthetic
real datasets.
methodunique
was applied
calculated materials.
1D velocity
model
of ultrahigh
the Southern-part
MOFs
possess and
a combination
of This
properties
among tonanoporous
First,
their
surface
of central
Alborz
Iran, which
its velocity
modelinteracting
has alreadygases
been such
calculated.
The Second,
comparison
between structurethese two
areas
facilitate
selective
adsorption
of weakly
as xenon.
established
models shows
a good governing
correlation MOF
between
while
the reductions
of RMS
and hypocentral
errors
the
function
relationships
gasthem,
uptake
enable
rational design
of materials
optimized
for using
specific
FST-PSO-model
obvious. adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
applications
(e.g.,are
to selectively
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
of
systems usedAfor
CTBT
verification.
T3.5-P4
New
Blind
Deconvolution Approach for the Separation of Seismic Waves

T3.1-O5

H. Saylani
FacultéSensitive
des Sciences;
Ibn Zohr, Agadir, Morocco
High
Xe Université
Measurements

Contact: hsaylani@gmail.com;h.saylani@uiz.ac.ma
Y. Popov
In this paper we
propose
approach Russian
for the separation
Lares
LLC, aSt.new
Petersburg,
Federationof different seismic waves (mainly P and S) which is
based on the blind deconvolution of the signals provided by an array of seismic sensors. For this, we model the
Contact: yurys_popov@mail.ru
signal provided by each sensor by a noisy convolutive mixture of different seismic waves, where the noise
signal, which only
we consider
a source
its own inright,
is not
necessarily
stationary
and installations.
white as in most
Unfortunately
Xe133 is
usuallyindetected
the air
samples
on IMS
Noble Gas
Due works
to its
existing. Inhigher
addition,
unlike most of
recent works,
proposed
for our
mixing model
(which is a xenon
model
relatively
concentration
in these
comparison
with which
metastable
xenon
isotopes.
The metastable
of a MIMO system)
methods
separation
of and
sources
that require
several
assumptions
aboutwithin
the sources
concentrations
are a few
ordersofofblind
magnitiude
lower
it is therefore
only
possible
to detect them
short
and
filters
of
mixing,
we
use
a
method
of
blind
deconvolution
based
on
subspace
techniques
for
a
SIMO
(Single
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of
pure
-5
3
Inputresulting
MultipleinOutput)
system
only, Xe133,
which requires
lot less
assumptions
and is more
efficient.
results
of
Bq/m
. We
Xe)
MDCs for
Xe131m,
Xe133ma and
Xe135
in every sample
of less
than 10The
our tests ona artificial
andXesome
realfrom
mixtures
of seismic
signals
encouraging.
developed
system tomixtures
purify the
sample
a Xe-Kr
mixture
whichare
is very
accumulated
as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement
with
the first achieved
practical
results will
be presented.
T3.5-P5 together
A Novel
Approach
for Signal
Sparse
Time-Frequency
Representations
V. Sucic1, I. Volaric1, G. Bokelmann2, R. Le Bras3
University
of Rijeka, Croatia
T3.1-O6 High
Throughput
Argon-37 Field System
2
Department of Meteorology and Geophysics,University of Vienna, Austria
3
Preparatory
AustriaH. Back, M. Foxe, L. Lidey, J. Mendez,
J. CTBTO
C. Hayes,
K. Silvers,Commission,
C. Aalseth, Vienna,
T. Alexander,
D.
Stephenson,
R.
Suarez,
G.
Whyatt
Contact: vsucic@riteh.hr
Pacific Northwest National Laboratory, Richland, WA, USA
By exploiting the fact that most real-life signals are sparse in the time-frequency (TF) domain, a significant
Contact: jc.hayes@pnnl.gov
suppression of the unwanted cross-terms can be achieved in the signal TF representation. In this work, we
proposeis aexploring
sparse reconstruction
algorithm,
based on
the two-step
iterative
shrinkage/thresholding
(TwIST)
PNNL
the use of 37Ar
for detecting
nuclear
explosion,
including
for use in the International
algorithm, System
in which
the A
soft-thresholding
is adaptively
determined by
the was
fast developed
intersection
Monitoring
(IMS).
high throughput value
37Ar separation
and measurement
system
at of the
confidence
intervals
(FICI) Laboratory
rule. Firstly,(PNNL)
the TF to
region
theactivity
lowest generated
mean value
is determined,
and then
the
Pacific
Northwest
National
detectwith
37Ar
from
an underground
nuclear
thresholding
value is set
to the
largest sample
the region.
of synthetic
real-life
explosion.
Argon-37
is an
activation
product within
generated
when Examples
neutrons interact
with and
calcium
in (seismic)
the soil
signals confirm
that the performance
the proposed
algorithm
is competitive
to the performance
surrounding
an underground
nuclear of
explosion.
As a reconstruction
noble gas, argon
is unreactive
and migrates
through the
of
its
state-of-the-art
counterparts.
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Atmospheric Boundary
Layer
as a Laboratory
for Modeling
Infrasound
T3.5-P6
A Semi-Automatic
Method for
Extraction
and Interpretation
of Reflection
Propagation
Scattering
the Atmosphere
Green’s
Functionsand
from
AmbientinNoise
and Signal, for IMS Seismic Station
Crustal
Reflector
Characterization
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1

A.M. Obukhov
Institute
of Atmospheric
Physics, Russian Academy of Science, Moscow, Russian
I. Tibuleac,
M. Woods,
J. Dwyer,
R. Kemerait
Federation
Air Force
Technical
Applications
Center
(AFTAC),
Patrick Air Force Base, FL, USA
2
Barva Innovation Center, Talin, Armenia
Contact: ileana.tibuleac@us.af.mil
Contact: igor.chunchuzov@gmail.com
Seismic interferometry is applied, for the first time, to extract reflector Green’s Functions (GFs) at PDAR,
The Wyoming,
experimental
results
of studying theIMS
effect
of a fine-scale
layeredFor
structure
of aevent
stablylocation,
stratifiedaatmospheric
Pinedale,
USA,
a well-calibrated
primary
seismic array.
improved
semiboundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a certain
period (1
automatic method is developed to extract and interpret crustal reflector structure beneath each station.
To address
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
challenges related to phase identification, we use synthetic waveform modelling, an F-statistic detector andin the
thin analysis.
layers of High
the ABL
have been
using the
andoftravel
of the recorded
arrivals of
Cepstral
frequency
loss retrieved
by extracting
GFswave
fromforms
stacks
yearstimes
of continuous
waveform
pulses fromisthe
source. Itby
is shown
that of
thereflections
mechanismwith
of scattering
of pulse signals
a stably
ABL is
autocorrelations
addressed
extraction
higher frequency
contentin(and
thus,stratified
improved
similarwhen
to the
mechanism
of scattering
of several
signals from
ground
explosions
layered
nonhomogeneities
resolution)
applying
the same
method to
days of
high surface
teleseismic
activity.byWe
discuss
promising
of when
wind compared
velocity and
temperature
in the stratosphere
lowerPDAR,
thermosphere.
role of of
similarity
parameter
results,
to existing
geophysical
informationand
beneath
and the The
possibility
deep mantle
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
observations.
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
T3.5-P7
Awas
Simplified
ARTMAP
Neural Network Based-Approach for Seismic
This work
supported Fuzzy
by RFBR
N 18-55-05002

Signal Discrimination Between Earthquakes and Quarry Blasts

E.H. Ait Laasri, E. Akhouayri, A. Atmani, D. Agliz

T1.1-O4
Climate
Change
Through
Ibn Zohr
University,
Agadir,
Morocco the Eyes of Radioisotopes
1
Contact:
hassan.or@hotmail.com
L. Terzi
, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
Seismic source recognition
based on acquired signals is a complex analysis and a difficult task to model using
2
CTBTO Preparatory Commission, Vienna, Austria
classical mathematical
methods. In fact, seismic signals are affected by complex geological conditions and
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
several types of noise
4 sources. Nowadays, artificial intelligence techniques have attracted increasing attentions
TU Wien Atominstitut, Vienna, Austria
among scientists to5 handle real world problems which cannot be modeled using traditional mathematical
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
techniques. The aim6 of this study is to propose a neural network based approach for discrimination between
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
earthquakes and quarry blasts. This neural network, namely simplified Fuzzy ARTMAP, has several advantages
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
over many other neural
network
models, which make it an attractive model for investigation into the problem of
seismic signal classification. The performance of this approach was examined on a variety of real seismic data.
Cosmogenic
radionuclides
beryllium-7
sodium-22
are known
atmospheric
tracers
and can
be usedwas
together
Additionally,
a comparative
study
with the and
mostly
used multilayer
perceptron
neural
network
classifier
in
a
lock-in
technique
to
effectively
trace
vertical
air
masses
based
on
surface
measurements.
This
technique
conducted. Each seismogram is represented by the most important features that are mainly used by seismic
allows
study improve
progression
speed
of atmospheric
cells. Data
show
that the cells
decelerating
during the
analysts.
To to
further
the and
Fuzzy
ARTMAP
performance,
genetic
algorithms
wereare
used.
Classification
summer
period
which
is
extending
in
time.
This
is
caused
by
warming
of
the
whole
troposphere
and
increased
results showed that this approach improves classification performance, training speed and generalization.
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
Furthermore, it provides other appealing features, including flexible configuration and incremental learning over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
capability.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T3.5-P9

Analyzing Seismic Explosion Records Using SEISAN

P.H. Voss1, T.B. Larsen1, L. Ottemöller2, J. Havskov2

1
T1.1-O5
Detection
Efficiency
the
IMS forCopenhagen,
Bolides Denmark
Geological
Survey
of Denmarkof
and
Greenland,
2

University of Bergen, Norway
P. Brown, N. Gi
Contact:
pv@geus.dk
University
of Western Ontario, London, ON, Canada

Contact:
pbrown@uwo.ca
This presentation gives
an overview
of the seismic analysis software package SEISAN. Initially SEISAN was
developed to analyse seismic records of earthquakes in local networks, but the package has undergone a steady
In thisso study
344 tobolides
reported
on including
the JPLpossible
CNEOS
website
development
that it we
todayexamined
can be applied
seismic(airbursts)
sources at all
distances
nuclear
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
explosions. SEISAN is used in more than 30 countries, mainly in small seismology groups and primarily on
detections.
Weplatforms.
found 206SEISAN
of these bolides
were at
detectable
at least
oneofinfrasound
while only 42
Windows
or Linux
is also used
NDCs inbymany
parts
the world.station
The architecture
of were
automatically
registered
as
part
of
the
Reviewed
Event
Bulletin
(REB)
issued
daily
by
CTBTO.
However,
SEISAN is based on a database structure where the three main parts are the parametric data, the waveform data this
global
REB detection
rate of ~10%
averaged
2007-2018
is less than
the "modern"
rate International
(from 2014-2018)
and the
metadata.
The parametric
data are
basedfrom
on the
well-established
Nordic
format, the
which
approaches
20%.
Above
the
1
kT
CTBTO
design
threshold,
we
find
that
40%
of
airbursts
reported in
Seismological Centre reports that app. 25% of the bulletins they received are in the Nordic format. are
SEISAN
the
REB,
while
more
than
90%
are
detectable
at
one
or
more
infrasound
stations.
All
airbursts
with
energy
reads a number of waveform formats, but miniseed is preferred. Waveform-data can be in stored in SDS, BUD > 2
kT reported
on thefile
JPL
fireballSEISAN
site since
2007
have been
detectedininfrasonically.
However,
theinREB
is only
or a SEISAN
structured
systems.
reads
instrument
metadata
an internal format,
but also
SEED
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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and GSE
format.
examples is
showing
how SEISAN
aid smallerinNDCs
given
based onoccurred.
data fromThe
the
emission
of Data
antineutrinos
unaffected
by the can
environment
whicharethe
explosion
The
IMS
and
on
data
from
local
a
seismic
network.
antineutrinos signal spreads long distances from the location of the detonation through different environments.
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear
weaponApplying
tests.
T3.5-P11
Waveform Correlation to Aftershock Sequences Using a Global

Sparse Network

T3.1-O4

A. Sundermier,
Tibi, C. Young
Exploiting
theR.Tailorable
Nanoporosity of Metal-Organic Frameworks for
Sandia National Laboratories, Albuquerque, NM, USA
In-Situ Identification of Radioisotopes

Contact: asunder@sandia.gov
M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
Studies have shown
waveform
correlation
is effective in
detecting
Sandiathat
National
Laboratories,
Albuquerque,
NM,
USA similar seismic waveforms from repeating
earthquakes, including aftershock sequences. Monitoring agencies have shown interest in adopting techniques to
Contact: mdallen@sandia.gov
quickly characterize aftershock sequences to reduce the amount of effort required by analysts to add aftershocks
to event bulletins.
experiment
uses waveform
templates
recorded by
multiple
stations
theconcentrations
IMS network
Radioactive
xenon Our
isotopes
are signatures
of clandestine
underground
nuclear
tests.
Their of
low
during from
the first
hours
after collection
the main shock
to detect from
and identify
aftershocks
that
occur
during
the subsequent
remote
the 12
event
require
and separation
large quantities
of air
using
porous
carbon
sorbents.
week. We present
methods
for half-lives,
station andlarge
template
selection,
threshold
setting,
eventtodetection
that are
Unfortunately,
due to
their short
dilution
factors, and
the long
times and
required
remotely acquire
specialized
for
aftershock
processing
in
a
sparse,
global
network.
We
apply
the
methods
to
several
aftershock
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
sequences
to evaluate
the potential
for establishing
a setenable
of standard
correlation processing
lost.
Consequently,
detection
strategies
are needed that
much aftershock
more rapidwaveform
isotope identification.
We will
methods
that
can
be
effective
for
operational
monitoring
systems
with
a
sparse
network.
We
compareby
candidate
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled
Metalevents detected
with(MOFs),
our processing
methods
to theclass
LEBof bulletin
develop
intuition
potential
Organic
Frameworks
a new, highly
tailorable
sorbents to
with
surfacean
areas
as highabout
as 7000
m2/g.
reduction
in analyst
effort.
MOFs
possess
a combination
of properties unique among nanoporous materials. First, their ultrahigh surface
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications
to selectively
adsorb Xe). We demonstrate
MOFs
enable the identificationSeismic
of radioactive
T3.5-P12 (e.g.,
Automatic
Characterization
of Phasethat
Type
at Three-Component
xenon isotopesStations
virtually in
real
time
when
used
in
a
novel
high-pressure
detection
system
we
designed.
Our
Using Neural Networks
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
of systems usedR.for
CTBT verification.
Hofman
CTBTO Preparatory Commission, Vienna, Austria
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Contact: radek.hofman@ctbto.org;hofman.radek@gmail.com

High Sensitive Xe Measurements

Determination of initial phase type of arrivals is an important step in automatic processing of seismic
Y. Popov
waveforms. The
goal is to classify each STA/LTA detection as either regional S phase, regional P phase,
LaresorLLC,
Petersburg,
Federation
teleseismic phase
as a St.
noise.
Correct Russian
characterization
of arrivals improves automatic event formation in the
subsequent steps
of
automatic
processing.
In
the
International
Data Centre (IDC) processing pipeline, the initial
Contact: yurys_popov@mail.ru
wave type of three component stations (3-C stations) is currently being determined on basis of a set of features
Unfortunately
Xe133
is usually
detected
in the air
IMS NobleifGas
installations.
Due of
to 3-C
its
extracted fromonly
all three
channels
in the
time domain.
Oursamples
goal is on
to investigate
the initial
phase type
relatively
higher
comparison
with processing
metastableofxenon
isotopes.
Theusing
metastable
xenon
station arrivals
canconcentration
be accurately in
determined
via direct
sampled
waveforms
convolution
or
concentrations
a few orders
of magnitiude
lower
and it extraction.
is thereforeThe
onlymethods
possibleare
to tested
detect on
them
within
short
recurrent neuralarenetworks
and thus
skip the step
of feature
a set
of approx.
distances.
The labeled
new proposed
method
Xe samples
of large
volumearchitectures
for each measurement
(>100 ccmand
of pure
300k arrivals
by analysts.
Touses
implement
the neural
network
we use TensorFlow
train
Xe)
in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
themresulting
on GPUs.
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation
design of the
sample preparation
the beta-gamma
spectrometer
suitable forIsotopes
big sample
T3.5-P13 theAutomatic
Machine
Learningunit,
Methods
for Analyzing
Radioxenon
measurement together with the first achieved practical results will be presented.

Spectra
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S.S. Azimi, H. Afarideh, V. Dost Mohammadi

Amirkabir
University ofArgon-37
Technology,Field
Department
of Energy Engineering and Physics, Tehran,
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Throughput
System

Iran
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
Contact:
azimi.bme@gmail.com;azimi.ne@aut.ac.ir
D.
Stephenson,
R. Suarez, G. Whyatt
Pacific
Northwest
National
Richland, WA, USA
One of the verification methods
usedLaboratory,
for the Comprehensive
Nuclear-Test-Ban-Treaty (CTBT) is the
measurement Contact:
of environmental
radioxenons.
Measuring
the
activity
concentration of radioxenon isotopes
jc.hayes@pnnl.gov
(131mXe, 133mXe, 133Xe, 135Xe) and discrimination from each other and from 214Pb which is daughter of
PNNL
thefactor
use in
of the
37Ar
for detecting
explosion,
includingarea
for ofuse
in the for
International
222Rn is
as exploring
interference
nuclear
detector isnuclear
a challenge
and interesting
research
the CTBT.
Monitoring
System
(IMS).
A
high
throughput
37Ar
separation
and
measurement
system
was
developed
Different systems have been developed to detect and measure the activity concentration of theseatisotopes
Pacific
Northwest
National
Laboratory
(PNNL) to In
detect
an underground
nuclear
including
beta–gamma
coincidence
spectroscopy.
this 37Ar
work,activity
a rangegenerated
of robust from
classification
machines
(CM)
explosion.
Argon-37
is
an
activation
product
generated
when
neutrons
interact
with
calcium
in
the
soil
such as MLP_BP, KNN, RNN, etc. were selected amongst various families of learner algorithms in order
to
surrounding
an
underground
nuclear
explosion.
As
a
noble
gas,
argon
is
unreactive
and
migrates
through
the
analysis of beta–gamma coincidence spectra with different activities that were simulated with GATE V6.2 code.
earth
andpurpose,
can be released
into theaatmosphere
with thealgorithm
radioxenon
fission
that (Fuzzy
are alsoCproduced
during
a
For this
we considered
feature extraction
(FEA)
suchgases
as FCM
means) for
initial
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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featureT1.1-O3
extraction. Eventually,
the accuracy
for each
method
reported andfor
compared.
The results
showed
Atmospheric
Boundary
Layer
as awas
Laboratory
Modeling
Infrasound
that, employing appropriate optimization tools (such as Q-learning) and hybrid system can prepare intelligent
Propagation and Scattering in the Atmosphere
analyzing radioxenon spectra hence accuracy of 97% and 99% for prediction of presence of radioxenon isotopes
1
1
1
and determination ofI.activity
concentration
were achieved,
respectively.
Chunchuzov
, S. Kulichkov
, V. Perepelkin
, O. Popov1, A. Vardanyan2, G. Ayvazyan2
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A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
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Barva
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Talin, Armenia
T3.5-P14 Automatic Systems
Accurate
Tracking of Aftershock Sequences
Contact: igor.chunchuzov@gmail.com
S. J. Gibbons, T. Kværna
Norwegianresults
Seismic
(NORSAR),
Norwaylayered structure of a stably stratified atmospheric
The experimental
of Array
studying
the effectKjeller,
of a fine-scale
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of acoustic pulses generated with a certain period (1
Contact: steven@norsar.no
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Aftershocks
fromofvery
cause significant
producing
thin layers
the large
ABL earthquakes
have been retrieved
using the difficulties
wave formsand
anddelays
travelintimes
of the seismic
recordedevent
arrivals of
bulletins.
Notfrom
onlythe
aresource.
there It
many
morethat
events
to process in
given time,
the cost
function
of generating
pulses
is shown
the mechanism
of ascattering
of pulse
signals
in a stably
stratified aABL is
reviewed
bulletin
increases
greatly
due to poorer
automatic
lists.
The phase-association
algorithms
which
similar
to the
mechanism
of scattering
of signals
fromevent
ground
surface
explosions by layered
nonhomogeneities
form of
thewind
automatic
bulletins
operate
best
under
normal
background
conditions.
The
aftershock
scenario
velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
generates
sequences
of arrivals
which
arereflecting
often misassociated,
increasing
humanis analyst
effort
here rapid
place the
dimensionless
thickness
of the
nonhomogeneous
layers, which
the vertical
scale of
significantly.
Wemultiplied
propose an
iterative,
processing
pipeline
in which
arrivals
well-vertical
the layer
by advanced,
the relative
difference
in effective
sound
velocity
and associated
normalized with
by the
definedwavelength.
events in one
removed
from the parametric
data-streams,
prior
processed
by the
Theiteration
effect ofare
such
inhomogeneities
on the temporal
fluctuations
of to
thebeing
azimuth
and arrival
times of
phase-associator
next iteration.
The intention
is to in
generate
a robust
and accurate
bulletin
the signals in
is the
studied.
The estimation
of the error
localization
of pulsed
sourcesautomatic
is given. event
Acknowledgement:
which This
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work
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human analyst review. For any given aftershock sequence, we demonstrate how most of the seismic events in a
target region encompassing the likely extent of aftershocks can be detected and located by a focused regionoptimized algorithm. Removing all phases associated with these events from the detection lists provides phaseT1.1-O4 Climate Change Through the Eyes of Radioisotopes
association algorithms with the near-normal background state in which they are optimal.
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2
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in
technique toatmospheric
effectively release
trace vertical
airinmasses
based monitoring
on surface as
measurements.
This technique
Localization
of an unintended
is crucial
atmospheric
well as in verification
allows
to study progression
and speed
of atmospheric
cells.To
Data
that the is,
cells
are decelerating
strategy
of organizations
such as CTBTO
or national
authorities.
findshow
the location
however,
complex during
task the
summer
perioduncertainties
which is extending
in time.
This is data
caused
warming usage
of the of
whole
tropospheretransport
and increased
with many
involved
composed
in measured
andbytechnique,
an atmospheric
height due
to risingand
CO2
concentrations.
AestivalIn
episodes
of persistent
model,tropopause
selected weather
reanalysis,
used
inversion technique.
continental
scale, thehigh-pressure
localization systems
can be over
Europe
pressure
to almost
stationary
thunderstorms
correlated
the the
observed
formulated
aswith
the low
linear
inversegradients
problemthat
on led
a grid
and solved
as an
optimizationareproblem.
Wewith
study
deceleration
of atmospheric
cell movement.
7Be into
and 22Na
can beand
used
as indicators
Bayesian
formulation
where the uncertainties
canThis
be demonstrates
incorporated that
directly
the model
thus
can be for
confirming
side
effects
of climate
change
new
in seasonal
weather
estimated
togetherseveral
with all
other
parameters.
It is
shownwhile
that providing
the qualitya of
themodelling
resulting tool
estimates
strongly
forecast.
depends
on quality of measurements and their spatial and temporal distributions. These findings will be
demonstrated on the case of the ruthenium-106 observation in the fall of 2017 over the Europe and Asia.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T3.5-P16 Can artificial Intelligence Help Detect Nuclear Explosions? Y
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
I. Scarinci
INVAPContact:
S.E., Bariloche,
Argentina
pbrown@uwo.ca

Contact: ignacio.scarinci@gmail.com
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
attempt to incorrelate
theseIn with
infrasound
The field
of artificial intelligence has had anbetween
exponential
growth inand
its application
recent years.
particular,
detections.
206 of tool
thesetobolides
detectable
by at to
least
onepatterns
infrasound
station while
42 were
machine
learningWe
is found
an effective
solve were
problems
that seek
find
of behavior
fromonly
large
automatically
registered
as part
Event Bulletin
(REB)computing
issued daily
by CTBTO.
databases.
This boom
was largely
due of
to the
the Reviewed
new and increasingly
powerful
capabilities
andHowever,
a large this
REBavailable.
detection The
rate IMS
of ~10%
frominstalled,
2007-2018
is less construction
than the "modern"
(from 2014-2018)
amountglobal
of data
has averaged
306 stations
6 under
and 25rate
planned.
This
which
approaches
Above
1 kT CTBTO
design
threshold, we
that 40%
of airbursts
are reported
in
represents
a large
volume20%.
of data
thatthe
is published
daily.
The application
of find
machine
learning
can improve
the
while
moredata
thanto90%
are detectable
at one or
infrasound
stations. All
airbursts
energy > 2
searchthe
of REB,
patterns
in this
optimize
the processing
andmore
improve
the automatic
response
to awith
possible
reported A
onreview
the JPL
site sinceof2007
havelearning
been detected
infrasonically.
However,
the REBofis only
nuclearkTexplosion.
of fireball
the applications
machine
techniques
for improving
the processing
complete
above
with
the automated
detection system not having reported at least four airbursts with
data from
different
types15ofkT
IMS
stations
is presented.
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emission Comparing
of antineutrinos
is and
unaffected
the environment
in which
theSeismic
explosionData
occurred.
The
The
T3.5-P18
REB
SSEBby(IDC
Products) with
Other
Centers
antineutrinos signal spreads long distances from the location of the detonation through different environments.
W.build
Olimat
We propose to
a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
Seismological
Observatory,
Amman,Monitoring
Jordan
introduction ofJordan
antineutrino
sensors into
the International
System could help to unequivocally detect
nuclear weaponContact:
tests. w.olimat@gmail.com;Walid.Olimat@memr.gov.jo;waleedolimat@yahoo.com

Work at the JSO (Jordan Seismological Observatory) identified some differences in the result of seismic data
analysis in most of international seismic data centers and the results of IDC products (REB and SSEB). Seismic
T3.1-O4
Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
data (origin time, Latitude, Longitude, Depth and magnitude) were compared for some events in the
In-Situ
Identification
Radioisotopes
International Data
Center
products REBof(Reviewed
Event Bulletin) and SSEB (Standard Screened Event
Bulletin) withM.D.
the data
for
same
events
from
other
International
Seismic Data Centers like: EMSC (Euro-Med
Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
Seismological Sandia
Centre),National
GFZ (German
Research
Center
for
Geosciences),
KOERI (KANDILLI Observatory and
Laboratories, Albuquerque, NM, USA
Earthquake Research Institute), JSO (Jordan Seismological Observatory), GII (Geophysical Institute of Israel)
mdallen@sandia.gov
and others. It Contact:
was found
that there is not a big difference in the results especially in the ORIGIN TIME,
LATITUDE, LONGITUDE and MAGNITUDE but there is a difference in the DEPTH. Further studies are
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
needed to identify the reason for this cases. It may be from the analysis algorithm or from the velocity model
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
used at the IDC, from travel time tables or from other logic reasons.
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
T3.5-P19
of Pick-Based
and Waveform-Based
Event Detectors
for by
Local
describe
in-situComparison
radioisotope identification
by beta-gamma
coincidence in a portable
system enabled
MetalOrganic Frameworks
(MOFs), a new,Distance
highly tailorable
sorbents with surface areas as high as 7000 m2/g.
to Near-Regional
Data class
fromofUtah
MOFs possess a combination
of properties unique
among nanoporous materials. First, their ultrahigh surface
2
Young1,adsorption
S. Heck1, R.
Brogan
areas facilitateC.
selective
of
weakly
interacting
gases such as xenon. Second, established structure1
Sandia governing
National Laboratories,
Albuquerque,
NM, USA
function relationships
MOF
gas
uptake
enable
rational
design of materials optimized for specific
2
ENSCO,
Inc.,
Fall
Church,
VA,
USA
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopesContact:
virtuallycjyoung@sandia.gov
in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
Wesystems
compare
a for
pick-based
seismic event detector (PEDAL), to a waveform-based detector (WCEDS). Both
of
used
CTBT verification.
algorithms were tested on data from 3-component stations in the University of Utah network. We chose to focus
on Utah because the region is tectonically complex and includes both regularly occurring earthquakes as well as
various types of anthropogenic sources, hence it presents a variety of challenges for event detection. The 2 week
T3.1-O5
High Sensitive Xe Measurements
interval of time processed (January 1-14, 2011) includes a significant aftershock sequence near the town of
Circleville. The
set also includes a huge number of mining induced events from a coal mining region. The
Y.data
Popov
events built byLares
our two
are scored
against
a master catalog, carefully built by an expert analyst who
LLC,methods
St. Petersburg,
Russian
Federation
found a total of 7883 events for the 14 days. Comparison of the 3 catalogs is done using a Venn diagram, to
Contact:
yurys_popov@mail.ru
investigate areas
of overlap
and isolation. Our results suggest that when tuned to achieve a comparable level of
recall,
the
waveform-based
method
hasdetected
better precision
fewer on
false
events).
found the waveformUnfortunately only Xe133 is usually
in the air(i.e.
samples
IMS
NobleWe
Gasalso
installations.
Due to its
based
method
to
be
more
stable
and
easy
to
configure
due
to
the
lack
of
an
additional
processing
step to generate
relatively higher concentration in comparison with metastable xenon isotopes. The metastable
xenon
signal detections.
concentrations
are a few orders of magnitiude lower and it is therefore only possible to detect them within short

distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed
to purify theofXeKazakhstan's
sample from a Xe-Kr
mixture
which
is accumulated Monitoring
as a by-product during
T3.5-P20a system
Contribution
Stations
of the
International
oxygen and nitrogen
production
from
atmospheric
air
at
different
types
of
air
separation
plants. During the
System into Global and Regional Monitoring Y
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
1
2
2
A. Mukambayev
, N.achieved
Mikhailova
, A. Smirnov
measurement together
with the first
practical
results will be presented.
1
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2
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This work discusses
the contribution
stations
in Kazakhstan
into the
REB in
number of
J. C. Hayes,
K. Silvers, of
C. IMS
Aalseth,
T. Alexander,
H. Back,
M. Foxe,
L. terms
Lidey,ofJ.the
Mendez,
D. Stephenson,
G. Whyatt
associated phases
as comparedR.toSuarez,
other IMS
stations. It is shown that all Kazakhstan stations are effective in
Pacific
Laboratory,
monitoring, and
are Northwest
among theNational
most efficient
IMS Richland,
stations. WA,
This USA
observation is also confirmed by global
mapping of event epicenters as well as by threshold magnitude and the proportion of events with arrivals at the
Contact: jc.hayes@pnnl.gov
Kazakhstan stations in the REB. A detailed comparison of the REB and the KazNDC bulletins, seismic and
infrasound,
are carried
Central
(CA).nuclear
The number
of events
in thefor
KazNDC
is larger
PNNL
is exploring
theout
usewithin
of 37Ar
for Asia
detecting
explosion,
including
use in bulletins
the International
than that inSystem
the REB
as theA KazNDC
bulletin37Ar
is obtained
using
regional network
a larger number
of
Monitoring
(IMS).
high throughput
separation
andthe
measurement
system with
was developed
at
stations.Northwest
There areNational
398 seismic
events in
the REB
for the37Ar
investigated
seismic bulletin
Pacific
Laboratory
(PNNL)
to detect
activity territory.
generatedThe
fromKazNDC
an underground
nuclear
contains a significantly
number ofproduct
events - generated
13839. Actual
accuracy
for with
the CA
events in
in the
explosion.
Argon-37 islarger
an activation
whenlocation
neutrons
interact
calcium
the REB
soil
can be estimated
by GT events
only.explosion.
We present
examples
usingis locations
by a special
surrounding
an underground
nuclear
As such
a noble
gas, argon
unreactiveobtained
and migrates
throughlocal
the
monitoring
network
and those
REB for the
events
within western
Kazakhstan.
earth
and can
be released
into in
thethe
atmosphere
with
the radioxenon
fission
gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Boundary
Layer as
Laboratory
for Modeling
T3.5-P21
Data Atmospheric
Processing Modular
Software
foraReal-Time
Stack
Monitor Infrasound
Propagation and Scattering in the Atmosphere
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The processing of theBarva
measurement
of nuclear
stack emissions (Research Reactors and Radioisotopes
Production Facilities)Contact:
has evolved
from first monitors based on embedded systems to the latest industrial PCs
igor.chunchuzov@gmail.com
based systems. The Software has been re-designed for the new stack monitor. This new software version is based
The experimental
results
studying
effect
a fine-scale
of a stably
in a modular
architecture
thatofallows
to the
adapt
it toof the
specific layered
project structure
requirements.
The stratified
software atmospheric
to be
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
certain
period (1
implemented for STAX project is presented. Its architecture and the relational data base model aused
in this
min) byare
analso
artificial
development
shown.detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
T3.5-P22
Detecting Low Magnitude Seismic Events Using Convolutional Neural
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Networks
here place
the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layerR.multiplied
theC.relative
Forrest, J.by
Ray,
Young difference in effective sound velocity and normalized by the vertical
wavelength.
The
effect
of
such
inhomogeneities
on the
temporal
Sandia National Laboratories,
Albuquerque,
NM,
USA fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
Contact:
rforrest@gmail.com
This work
was supported
by RFBR N 18-55-05002
Detection of arrivals at seismic stations in a network is the first step in building seismic events. Improving the
ability to accurately identify seismic arrivals for three-component stations in adverse signal-to-noise
T1.1-O4
Change
Through
the Eyes
of Radioisotopes
environments
is vitalClimate
to improving
detection
and location
of seismic
events. Waveform correlation and other
template matching methods 1are modern techniques
that may
be used,
yet, each have limitations. They lack
2
3
4
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
compatibility between
stations, require significant data, and accumulate large template databases, reducing
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
performance. In this 2work, we present updated results using convolutional neural networks (CNNs). CNNs have
CTBTO Preparatory Commission, Vienna, Austria
been shown to significantly
improve performance at local distances under conditions such as induced seismicity.
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
We expand the use of4 CNNs to more remote distances and lower magnitudes. We explore the tradeoffs of certain
TU Wien Atominstitut, Vienna, Austria
architectures of CNN5 and update previous results. We describe performance results of our method tuned on a
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
new dataset with expert
defined picks. The dataset used is from the Dynamic Network Experiment 2018
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
(DNE18) and comes from sensors in Utah. We demonstrate the ability to train the CNN on these events and
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
achieve significantlyContact:
higher test
set performance than standard methods. Furthermore, we validate performance
on streaming data, including very low magnitude expert picked arrivals.
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
T3.5-P24
Classification
Events
summer Detection
period whichand
is extending
in time. of
ThisLightning
is caused by
warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
M. Kahlon
Europe with
pressure
gradients
that led
to almost stationary thunderstorms are correlated with the observed
Soreqlow
Nuclear
Research
Center,
Israel
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
Contact:
confirming
severalmaayan@ndc.soreq-ndc.gov.il;maayanka178@gmail.com
side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
Electromagnetic pulse has been excluded from the IMS technologies because its high false alarm rate due to
lightning discharges. Here we examine a possible method of overcoming this obstacle by merging infrasound
data with electromagnetic measurements. The proposed method is based on the fact that all known sources of
T1.1-O5
of the
foran
Bolides
infrasound,
with theDetection
exception ofEfficiency
a nuclear event,
do IMS
not emit
electromagnetic signal except for lightning.
Therefore, the ability to detect and classify lightning events is a necessary condition for the use of an EM signal
P. Brown, N. Gi
for the purpose of the IMS. The data set is taken from an antenna that has been located adjacent to the Mt. Meron
University of Western Ontario, London, ON, Canada
infrasound array, and the measured EM fields have been recorded for several days in times of lightning storms.
Contact:
pbrown@uwo.ca
Then we used methods
of spectral
analysis and machine learning in order to detect and classify lightning events
in EM signal. We present here examples and statistical analysis of the results. These results give hope that the
In data
this fusion
studymethod
we can
examined
344 bolides
(airbursts)
reported
the JPL capabilities
CNEOS of
website
proposed
be implemented
to enhance
both detection
and on
discrimination
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
the IMS.
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Detection
of antineutrinos
is unaffected
by the environment
in which
the explosion
The
The
T3.5-P25
Performance
of Dynamic
Correlation
Processors
Using occurred.
De-Noised
antineutrinos signal
spreads
long distances from
the location of the detonation through different environments.
Signal
Space-Spanning
Templates
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
Dodge sensors into the International Monitoring System could help to unequivocally detect
introduction ofD.
antineutrino
Livermore National Laboratory, Livermore, CA, USA
nuclear weaponLawrence
tests.

Contact: dodge1@llnl.gov
Correlation detectors
are often
in a context
in which detections
are implicitly assumed
to be identifications.
T3.1-O4
Exploiting
theused
Tailorable
Nanoporosity
of Metal-Organic
Frameworks
for
This assumption is valid at sufficiently high detection thresholds. But we often wish to set thresholds as low as
In-Situ
Identification
of
Radioisotopes
possible in order to detect signals obscured by noise. By doing so, we introduce the possibility of detecting

signals not from
theAllendorf,
source of interest.
workA.
I study
theJ.performance
M.D.
P. Doty,InT.this
Wang,
Benin,
Greathouse of dynamic correlation processors in
two scenarios:Sandia
close-in
monitoring
of an active
coal mine using
single channel detectors, and global monitoring
National
Laboratories,
Albuquerque,
NM, USA
using 3-component detectors. In both scenarios a first pass through the data is used to create sets of detectors that
mdallen@sandia.gov
span the spaceContact:
of high-SNR
signals. Detections from these detectors are used to create de-noised templates using
singular
value
decomposition.
new suites
of detectors
are then nuclear
used totests.
re-process
the data.
The new
Radioactive xenon isotopes are The
signatures
of clandestine
underground
Their low
concentrations
templates
have
large
projections
on
one
another,
so
it
is
common
to
produce
many
triggers
per
signal.
For most
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
detections
there
are
tens
to
hundreds
of
triggers
considered,
showing
that
the
signal
space
was
well
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotelysampled.
acquire
Where interevent
separations
are the
known,
detectors
are shown
be highly
specific.
samples,
information
concerning
time,the
location,
abundance
oftospecific
isotopes
produced in the event can be

lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalOrganic
Frameworks
(MOFs),aaDeployable,
new, highly tailorable
class
of sorbents withAnalysis
surface areas
as high as 7000 m2/g.
T3.5-P26
Developing
Flexible
Radionuclide
Pipeline
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
Goodwin,
R. Britton,
A. Davies
areas facilitate M.
selective
adsorption
of weakly
interacting gases such as xenon. Second, established structureAWE
Aldermaston,
Reading,
function relationships governing MOF gasUnited
uptakeKingdom
enable rational design of materials optimized for specific
applications (e.g.,
to selectively
adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
Contact:
mattgoodwin93@gmail.com;m.goodwin@surrey.ac.uk
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
The UK NDCdetection
Radionuclide
analysis
has been
designed
to be collapsed
and rebuilt
as required.content
Whilst
MOF-enabled
concept
couldpipeline
dramatically
improve
the reliability,
timeliness,
and information
the
current
pipeline
is
built
across
a
number
of
high-performance
computing
systems
at
AWE
Aldermaston,
of systems used for CTBT verification.
there was a requirement to produce a flexible system that can be deployed at short notice. Taking inspiration
from the IDC’s NDC-in-a-Box (NIAB), installation code and documentation has been compiled such that the
system can be installed on a virtual machine, running a variety of operating systems. This opens up the
T3.1-O5 High Sensitive Xe Measurements
radionuclide analysis pipeline capability for use externally, on a contained system. All of the radionuclide
analysis and review
tools (including BeGAX, GRINDER & GBL15 GUI) are accessible from within the virtual
Y. Popov
machine and the
performance
is similar toRussian
that ofFederation
the UK NDC integrated solution. This poster showcases some
Lares
LLC, St. Petersburg,
of the features of the tools used to interact with the radionuclide data as well as the results of a recent NDC
collaboration.Contact: yurys_popov@mail.ru

Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
concentrations
are a few orders of Between
magnitiudeEarthquakes
lower and it is therefore
only possible
detect them
within short
T3.5-P27 Discrimination
and Explosions
bytoUsing
Scaling
distances. The Parameter
new proposed Hurst
method Parameter
uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
M. Allameh
developed a system
to purifyZadeh
the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
International
Institute
of Earthquake
and Seismology
Tehran,
Iran
oxygen and nitrogen
production
from
atmosphericEngineering
air at different
types of air(IIEES),
separation
plants.
During the
presentation the
design
of
the
sample
preparation
unit,
the
beta-gamma
spectrometer
suitable
for
big
sample
Contact: dibaparima@yahoo.com
measurement together with the first achieved practical results will be presented.
In this paper, we investigate the long-range correlations and trends between consecutive earthquakes and
Explosions by means of the scaling parameter so-called locally Hurst parameter, H(t), and examine its variations
in time, to find
a specific
pattern exists
betweenField
events.
The long-range correlations are usually detected by
T3.1-O6
High
Throughput
Argon-37
System
calculating a constant Hurst parameter. The multi-fractal structure of earthquakes caused that more than one
scaling exponent
neededK.toSilvers,
account
the scaling
propertiesH.ofBack,
suchM.
processes.
paper, we
J. C.isHayes,
C.for
Aalseth,
T. Alexander,
Foxe, L.Thus,
Lidey,InJ.this
Mendez,
Stephenson, R.
Suarez,
G. Whyatt
consider the D.
time-dependent
Hurst
exponent,
to realize scale variations in trend and correlations between
Pacificactivities,
Northwestfor
National
Laboratory,
WA, USA transform to estimate H(t) for the time
consecutive seismic
all times.
We applyRichland,
the Hilbert-Huang
series extracted from seismic activities occurred in world . The superiority of the method is discovering some
Contact: jc.hayes@pnnl.gov
specific hidden patterns exist between consecutive earthquakes, by studying the trend and variations of H(t).
Estimation
H(t) onlythe
as use
a measure
of for
dependency,
leadexplosion,
to misleading
results,forbutuseusing
thisInternational
method, the
PNNL
is exploring
of 37Ar
detecting may
nuclear
including
in the
trend and System
variations
of the
parameter
is studying
to discover
hidden dependencies
consecutive
Monitoring
(IMS).
A high
throughput
37Ar separation
and measurement
system wasbetween
developed
at
earthquakes.
Keywords:
Time-dependent
Hurst
exponent,
transform,
Pacific
Northwest
NationalLong-range
Laboratorydependence,
(PNNL) to detect
37Ar activity
generated
fromHilbert-Huang
an underground
nuclear
Empirical mode
decomposition,
Seismicproduct
activities.
explosion.
Argon-37
is an activation
generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Atmospheric
Boundary
Layer
as a Laboratory
for Modeling
Infrasound
T3.5-P28
Discrimination
Between
Nuclear
Explosions
and Natural
Earthquakes
Propagation and Scattering in the Atmosphere

S. Elkholy, H. Moussa, M. ElGabry
1
1
1
2
2
I. Chunchuzov
, S. Kulichkov
, V.and
Perepelkin
, O.(NRIAG),
Popov1, A.
Vardanyan
National
Research Institute
of Astronomy
Geophysics
Helwan,
Egypt , G. Ayvazyan
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
shimaa_elkholy84@yahoo.com;shimaa.hosny@nriag.sci.eg
Federation
2
Innovation
Center,nuclear
Talin, explosions
Armenia and earthquakes is an important component of
Seismic discriminationBarva
between
underground
the Comprehensive Test
Ban Treaty
(CTBT) verification regime. Complexity, Spectral ratio, amplitude ratio of
Contact:
igor.chunchuzov@gmail.com
P/S and mb-Ms (body wave and surface wave magnitudes) discrimination methods were applied for identifying
experimental
results
of studying
the effect
of aPakistan,
fine-scaleNorth
layered
structure
a stably
naturalThe
events
from nuclear
explosions
in China,
India,
Korea,
and of
USA.
The stratified
waveformatmospheric
data
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
certain period (1
were collected from different sources i.e. IMS and IRIS for a set of 16 nuclear explosions and 16aearthquakes
min)
by ≤an6.5
artificial
detonationstations.
source The
are presented.
verticalevents
profiles
of wind
velocity
fluctuations
with 4.5
≤ mb
using broadband
complexityThe
of natural
is higher
than
of artificial
events. in the
thin layers
ABL
been retrieved
the wave forms
of the content
recordedinarrivals
of
The spectral
ratioofis the
larger
forhave
explosions
than of using
the earthquakes
due toand
thetravel
highertimes
frequency
the
pulses from
the source.The
It is amplitude
shown that ratio
the mechanism
of scattering
of pulse signals
a stably
stratified ABL is
seismogram
of explosions.
of P/S shows
larger amplitude
in theincase
of explosions
similar
to the mechanism
scattering ofmethod
signalsshows
from that
ground
compared
to earthquakes.
mb-Msofdiscriminant
mb surface
is largerexplosions
than Ms inby
thelayered
case ofnonhomogeneities
explosions.
velocityofand
the stratosphere
thermosphere.
Theare
rolethe
of most
similarity
parameter
Based ofonwind
the results
ourtemperature
study, the in
amplitude
ratio of and
P/S lower
and mb-Ms
techniques
effective
place the
thesource.
reflecting
nonhomogeneous
which
the vertical
scale of
seismichere
methods
for dimensionless
identifying thethickness
nature ofofthe
Keywords:
Amplitudelayers,
ratio of
P/S, ismb-Ms,
CTBT,
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
Discrimination, complexity
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T3.5-P29 Disturbing Incidents Signal Character Analysis in Nuclear Explosion
Infrasound Detection
T1.1-O4
Climate
Through
X. Pang,
J. Teng,Change
Y. Cheng,
X. Chengthe Eyes of Radioisotopes

State Key Laboratory
of NBC Protection for Civilian, Beijing, China
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Contact:
pangxinliang@sina.com
Belgian
Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
This paper analyzes 3the characteristics of disturbing incident in the infrasound detection of nuclear explosion.
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
After data preprocessing,
such as mean removal, atmospheric disturbance removal, filtering and normalization,
4
TU Wien Atominstitut, Vienna, Austria
etc., the infrasound 5 signal characteristics of lightning, chemical explosion and satellite launch events are
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
analyzed through spectrum
and statistical methods. Finally, spectrum characteristics of disturbing incident
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
infrasound signal are obtained according to statistical conclusions. The analysis results show that the acquired
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
infrasound signal characteristics
of lightning, chemical explosion and satellite launch event are different from
those of nuclear explosion, and this characteristic value can be used as one of the feature vectors of nuclear
Cosmogenic
radionuclides
and sodium-22 are known atmospheric tracers and can be used together
explosion
infrasound
detection andberyllium-7
recognition.
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
T3.5-P30
Dynamic
and
of Health
(SOH)
Analysis
Tools high-pressure
for Noble Gas
tropopause
height due
to Agnostic
rising CO2 State
concentrations.
Aestival
episodes
of persistent
systems over
Systems
Europe with
low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
R. Suarez,
Cameron,
J. C.
Hayes,
D. Keller,
Wilson a new modelling tool in seasonal weather
confirming
several I.side
effects of
climate
change
whileR.providing
Pacific
Northwest
National
Laboratory,
Richland,
WA,
USA
forecast.
Contact: Reynold.Suarez@pnnl.gov
Careful analysis of SOH data can provide critical information about the operating status of an International
T1.1-O5
Detection
the reported.
IMS forPacific
Bolides
Monitoring
System (IMS)
stationEfficiency
and the dataofbeing
Northwest National Laboratory (PNNL)
with support from the
Threat
P. Defense
Brown, N.
Gi Reduction Agency (DTRA) Nuclear Arms Control Technology (NACT)
Program has been developing
tools
to analyze
SOH
data ON,
reported
from noble gas systems within the IMS
University of
Western
Ontario,
London,
Canada
network. The current version of the tool was tested against the Swedish Automated Unattended Noble Gas
Analyzer (SAUNA)Contact:
and the pbrown@uwo.ca
PNNL-developed Xenon International system. The SOH tool uses a modular
framework where the SOH data, using IMS2.0 format, is written to a database. The analysis uses a modular
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
format, whereby different algorithms can be used, in parallel, to analyze SOH data. For system alerts and testing,
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
for example, a simple limits algorithm as well as exponential weighted moving average (EWMA) were
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
implemented and tested. An analysis daemon also uses these algorithms to summarize the station health in a
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
station summary page. PNNL is working closely with the U.S. IMS radionuclide station operator, General
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Dynamics (GD), for feedback and testing of the tool. The tool, implementation framework, and current status
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
will be presented.
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Enhancement
of antineutrinos on
is the
unaffected
by theofenvironment
in which Limits
the explosion
occurred.
The
The
T3.5-P31
Algorithm
Characterization
of the Net
Count
antineutrinos signal
spreads long
distances
locationof
of IMS
the detonation
through Coincidence
different environments.
Calculation
Method
forfrom
LowtheCounts
Beta-Gamma
Noble
We propose to
build
a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
Gas
Samples
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon
B.tests.
Liu, T. Muramoto, M. Kalinowski, A. Gheddou
CTBTO Preparatory Commission, Vienna, Austria
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Contact: boxue.liu@ctbto.org

Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
The beta/gamma
coincidence
spectra are analyzed
at the International Data Centre (IDC) using the so called net
In-Situ
Identification
of Radioisotopes

count calculation (NCC) method based on a number of Region of Interest (ROI) and interference ratios between
isotopes and ROIs.
The gross counts
inT.
each
ROIA.follows
distribution. Therefore, the true value and
M.D. Allendorf,
P. Doty,
Wang,
Benin,Poisson
J. Greathouse
NM,ofUSA
variance of theSandia
gross National
counts areLaboratories,
estimated asAlbuquerque,
the gross counts
a single measurement. That works fine for the
samples with high counts. However, it could be a problem when the samples are on the detector background
Contact: mdallen@sandia.gov
level. The critical level could be under-estimated in case there is a negative value of the net counts, therefore
probably resulting
false positive.
The netofcounts
with aunderground
negative value
are replaced
as 0 low
based
on the prior
Radioactive
xenon in
isotopes
are signatures
clandestine
nuclear
tests. Their
concentrations
knowledge
true
valuecollection
of the amount
of radioactivity
is non-negative.
Forusing
the samples
on thesorbents.
detector
remote
fromthat
the the
event
require
and separation
from large
quantities of air
porous carbon
background level,
characterization
limits large
of thedilution
net count
are and
estimated
the detector
background
Unfortunately,
due to
their short half-lives,
factors,
the longbased
times on
required
to remotely
acquire
measurement
instead concerning
of the single
measurement
itself. Thisofpaper
presents
of the
new
algorithm
samples,
information
the time,
location, abundance
specific
isotopesresults
produced
in the
event
can be
compared
with the current
NCC
methodare
forneeded
noble gas
from IMS
systems
and
lost.
Consequently,
detection
strategies
thatsamples
enable much
morebeta-gamma
rapid isotopecoincidence
identification.
We will
Monte-Carlo
simulated
samples
on
the
detector
background
level.
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by MetalOrganic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas
facilitateExploiting
selective adsorption
of weakly
interacting
gases
such asSynthetic
xenon. Second,
established
structureT3.5-P32
Bayesian
Inference
Priors
to Form
Waveform
Events
or
function relationships
governing
MOF
gas
uptake
enable
rational
design
of
materials
optimized
for
specific
to Validate Events Formed by Automatic Processing
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon isotopesN.virtually
in R.
real
Kushida,
Letime
Braswhen used in a novel high-pressure detection system we designed. Our
MOF-enabled CTBTO
detectionPreparatory
concept could
dramatically
improve
the reliability, timeliness, and information content
Commission,
Vienna,
Austria
of systems used for CTBT verification.
Contact: noriyuki.kushida@ctbto.org
The Preparatory Commission for the CTBTO Preparatory Commission, Vienna, Austria (CTBTO) has been

developing andHigh
testing
NET-VISA,
automatic event detection and localization software package. In our
T3.1-O5
Sensitive
XeBayesian
Measurements

preliminary testing at the CTBTO, NET-VISA shows better performance than its currently operating automatic
Y. Popov
association program.
This implies that the priors of Bayesian inference built within the NET-VISA framework
Lares to
LLC,
St. Petersburg,
Russian
Federation
have a good ability
depict
the relationship
between
sources of waveform events and detections on CTBTO’s
stations. At the
same
time,
synthesizing
a
good
event, or evaluating and validating events quantitatively are
Contact: yurys_popov@mail.ru
important topics to improve the performance of detecting waveform events, and therefore, detecting a nuclear
Unfortunately
only context,
Xe133 isweusually
in the methodologies
air samples ontoIMS
Noble
installations.
its
explosion. In this
have detected
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apply
the Gas
NET-VISA
priorsDue
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relatively
higher
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comparison
metastable
xenon
isotopes.
The metastable
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generation
and theinevent
evaluation.with
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presentation,
the quality
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events and
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are a fewevents
ordersformed
of magnitiude
lower and
it is therefore
only program
possible to
them within short
feasibility of validating
by the currently
operating
association
willdetect
be discussed.
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed
to purify
the Xe sample
from a Xe-Kr mixtureSeismic
which is Event
accumulated
as a by-product
during
T3.5-P33a system
Global
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Scale High-Resolution
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for
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
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Development
and Testing
presentation the
design of the
sample preparation
unit, the beta-gamma spectrometer suitable for big sample
1 the first achieved
1
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measurement together
with
practical
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High
Throughput Argon-37 Field System
Contact: cjyoung@sandia.gov
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Suarez,
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Whyatt
signals can present a significant problem, especially as detection thresholds are lowered to include anthropogenic
Pacific Northwest
National
Laboratory,
Richland,
WA, USAwe note that without a complete and
signals from surface
and shallow
underground
sources.
In particular,
accurate catalog,
it is notjc.hayes@pnnl.gov
possible to accurately calculate either precision or recall. Here we present two 14-day
Contact:
seismic event catalogs, one developed in Utah for local-scale event processing using data from the University of
PNNL
is exploring
thenetwork,
use of 37Ar
for detecting
nuclear for
explosion,
including
for useusing
in thedata
International
Utah Seismic
Station
and the
other developed
global-scale
processing
from the
Monitoring
System
(IMS).
A
high
throughput
37Ar
separation
and
measurement
system
was
developed
at
International Monitoring System (IMS). Each catalog was built manually by an expert analyst
to
Pacific
Northwest
National
Laboratory
(PNNL)
to
detect
37Ar
activity
generated
from
an
underground
comprehensively identify events from all sources that were locatable using phase arrival timing andnuclear
(when
explosion.
Argon-37 is
an activation
product
generatedof when
with
the soil
available) directional
information,
resulting
in number
event neutrons
increases interact
compared
to calcium
existing in
catalogs
of
surrounding
an
underground
nuclear
explosion.
As
a
noble
gas,
argon
is
unreactive
and
migrates
through
the
4300% in Utah and 650% globally. The catalogs additionally contain challenging event sequences (prolific
earth
and can
besmall
released
intoatthe
with thethreshold)
radioxenonand
fission
areand
alsosources
produced
during a
aftershocks
and
events
theatmosphere
detection/location
novelgases
eventthat
types
(infrasound
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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only events,
long-wall
mining events)Boundary
that make them
useful
algorithm testing
development,
as well as
T1.1-O3
Atmospheric
Layer
as for
a Laboratory
forand
Modeling
Infrasound
being valuable for the unique tectonic and anthropogenic event sequences they contain.

Propagation and Scattering in the Atmosphere

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. ObukhovofInstitute
Atmospheric Spectrum
Physics, Russian
Academy
of Science,
Moscow,
T3.5-P34 Implementation
a FastofInfrasonic
Sensing
System
Based
on Russian
Federation Detection Method
Fisher-Statistics
2
Barva Innovation Center, Talin, Armenia
H. Sadeghi,
H. Nouri
Pour, M. Daemi
Contact:
igor.chunchuzov@gmail.com
Acoustical Engineering Society of Iran, Iran
The experimental
results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Contact: hsadeghi4@gmail.com;hsadeghi9@gmail.com
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
by an artificial
detonation
are presented.
The vertical
profiles of
wind velocity
fluctuations
Fishermin)
statistics-based
signal
detectionsource
is a widely
used powerful
multi-sensor
infrasound
spectrum
sensing in the
thinHowever,
layers ofthis
the method
ABL have
been the
retrieved
using
the wave of
forms
and travelfortimes
the recorded
arrivals
of
strategy.
requires
repeated
computation
test statistics
each of
element
of a grid
of
pulses
from which
the source.
It isashown
that the mechanism
of scattering
of directly
pulse signals
in a stably
stratified
slowness
vectors,
imposes
high computational
complexity
and leads
to a raised
processing
time.ABL is
similar to the systems
mechanism
scattering
of signals
fromrequirements
ground surface
explosionssurveillance
by layered applications,
nonhomogeneities
Since conventional
oftenofhave
very stringent
speed
for real-time
of wind velocity
temperature
in the
stratosphere
and (FDs)
lower for
thermosphere.
The role
of similarity
this disadvantage
leads aand
limited
application
of Fisher
detectors
several infrasonic
sensing
purposes.parameter
In
here place the
dimensionless
of the reflecting
layers, which isThis
the strategy
vertical scale
of
this presentation,
we report
a strategythickness
for implementation
of FDnonhomogeneous
with reduced time-consumption.
is
layer
by the relative
in effective
sound
and normalized
the vertical
based the
on the
factmultiplied
that the detection
process difference
for slowness-grid
elements
canvelocity
be performed
in a parallelbymanner
The effect
of such inhomogeneities
on contrast
the temporal
of the
and arrival
times of
using wavelength.
powerful graphics
processing
units (GPUs), in
with fluctuations
conventional
FDs.azimuth
The results
of our
the signals
is as
studied.
The works
estimation
the our
error
in localization
pulsed
sourcestime-savings
is given. Acknowledgement:
simulations
as well
empirical
showofthat
strategy
promisesofvery
significant
compared
This work was
supported
by RFBR
with conventional
FDs,
which enables
it N
as 18-55-05002
a good candidate for real-time applications. Accordingly, we have
implemented the algorithm in Visual Studio environment to produce a special fast infrasound detection software.

T1.1-O4 Climate Change Through the Eyes of Radioisotopes
T3.5-P35 Improvements
of Phase Detection and Identification Using 3C Array
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
Processing
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2

CTBTO
Commission, Vienna, Austria
C. Labonne,
Y.Preparatory
Cano, O. Sèbe
3
Central
Institution
for
Meteorology
and Geodynamics
(ZAMG),
Vienna, Austria
Commissariat
à l’énergie atomique
et aux énergies
alternatives
(CEA), France
4
TU Wien Atominstitut, Vienna, Austria
5
Contact:
claire-labonne@wanadoo.fr;claire.labonne@cea.fr
University
of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health
Canada,
Radiation
Protection
Ottawa,
ON,a Canada
Seismic arrays traditionally are made
of vertical
sensorsBureau,
co-located
with
single three-component (3C)
seismometer. The deployment
of fully 3C seismic array offers the possibility to use the coherency of the
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
horizontal components in addition to the vertical ones. Indeed, the horizontal component traces give the
Cosmogenic
radionuclides
beryllium-7
sodium-22 are
atmospheric
tracers
and can
be used on
together
opportunity
to improve
the detection
and the and
characterization
of known
the S-phases
that have
a greater
amplitude
in a lock-in
technique
masses
on surface
measurements.
This technique
the horizontal
component
thantooneffectively
the verticaltrace
one.vertical
Yet, 3-Cairarrays
arebased
currently
poorly exploited
in automatic
Sto study
progressionand
andidentification
speed of atmospheric
cells.
Data
showfocuses
that theon
cells
decelerating
during the
phase allows
detection,
classification
algorithm.
Our
work
theareuse
of horizontal
summer
which is extending
time. isThis
is caused
by warming
of the whole
troposphere
and increased
components
in period
array processing
technique,inwhich
PMCC
(Progressive
Multi-Channel
Correlation),
to identify
tropopause
height duefeatures
to risingusing
CO2data
concentrations.
Aestival
of persistent Laboratory
high-pressure
systems
complex
seismic wavefield
from the LSBB
(Lowepisodes
Noise Underground
located
in over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
Rustrel, Southern France) 3C broadband seismic array. The influence of horizontal trace rotation on the
deceleration
atmospheric
cell movement.
demonstrates
thatand
7Beregional
and 22Naevents.
can beAused
as indicators
consistency
of thisof array
is investigated
using This
several
recent local
campaign
of for
confirming
several
side
effects
of
climate
change
while
providing
a
new
modelling
tool
in
seasonal
weather
measurements was performed to precisely establish the orientation of each station in the LSBB 3C seismic array
using forecast.
Fiber Optic Gyrocompass. These measurements have also permitted to investigate the influence of the
stations orientation errors on the array consistency.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T3.5-P36 InfraPy – An Open Source Signal Analysis Toolkit for Infrasound Research
P. Brown, N. Gi
University
of Western
Ontario, London, ON, Canada
P. Blom,
O. Marcillo,
J. Webster
National
Nuclear
Security Administration, Department of Energy, Washington, DC, USA
Contact:
pbrown@uwo.ca

Contact: pblom@lanl.gov
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and actively
attemptdeveloping
to correlate
with signal
infrasound
Infrasound
researchers at Los Alamos National
Laboratory
have been
and these
evaluating
detections.
We
found
206
of
these
bolides
were
detectable
by
at
least
one
infrasound
station
while
only
42 were
analysis tools for detecting, associating, localizing, and characterizing infrasonic signals and sources. The
automatically
as part
of the
Reviewed
Event Bulletin
(REB)
issued libraries
daily byand
CTBTO.
However,
algorithms
developedregistered
during these
efforts
have
been combined
into a suite
of Python
recently
made this
global
REB
detection
of ~10%
averaged
2007-2018
is less
than the
(from
2014-2018)
available
as an
Open
Sourcerate
software
toolkit.
The from
detection
methods
are based
on"modern"
adaptive rate
Fisher
detection
which
approaches
20%. Above
the 1 kTinCTBTO
design threshold,
we find
40% of airbursts
are reported
in
methods
previously
developed
for inclusion
the InfraMonitor
tool, while
the that
association,
localization,
and
the REB, while
more
than 90%
are detectable
at one
more infrasound
stations.
with
energy > 2
characterization
methods
leverage
Bayesian
algorithms
and or
statistical
propagation
modelsAll
to airbursts
accurately
identify
kT reportedinfrasonic
on the JPL
fireball
site since
haveoptions
been detected
infrasonically.
However,a the
REB is only
and characterize
events.
A number
of 2007
interface
have been
developed including
command
complete
above
15
kT
with
the
automated
detection
system
not
having
reported
at
least
four
airbursts
line interface (CLI) for large-scale batch processing and a graphical user interface (GUI) for interactive analysis with
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of infrasonic
An overview of
InfraPy signal
analysis
algorithms
be presented
along occurred.
with highlights
emissiondata.
of antineutrinos
is the
unaffected
by the
environment
in will
which
the explosion
The
The
of
ongoing
research
aimed
to
further
improve
the
underlying
propagation
models
as
well
as
continue
developing
antineutrinos signal spreads long distances from the location of the detonation through different environments.
and propose
evaluating
analysis
We
tothe
build
a 1 algorithms.
km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear weapon tests.

T3.5-P37 iNSPIRE: iNtegrated Software Platform for the Interactive REview - The
First Release Features for Beta-Gamma Coincidence Based Noble Gas Data
T3.1-O4 Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
A. Gheddou, M. Kalinowski, J. Baré, A. Leppänen, S. Moreno, C. Pires, J. Wang
In-Situ
Identification of Radioisotopes
CTBTO Preparatory Commission, Vienna, Austria

M.D.
Allendorf,
P. Doty, T. Wang, A. Benin, J. Greathouse
Contact:
abdelhakim.gheddou@ctbto.org
Sandia National Laboratories, Albuquerque, NM, USA
Within ongoing software modernization efforts, the International Data Centre (IDC) of the CTBTO Preparatory
Contact: mdallen@sandia.gov
Commission initiated the development of a novel software application for the interactive analysis of radionuclide
data. The new
iNtegrated
Platform
the Interactive
REviewnuclear
(dubbedtests.
iNSPIRE)
is based
on modern
Radioactive
xenon
isotopesSoftware
are signatures
offor
clandestine
underground
Their low
concentrations
open source
software
development
technologies.
The overall
goal quantities
is to progressively
unify
the carbon
softwaresorbents.
tools in
remote
from the
event require
collection
and separation
from large
of air using
porous
use
for
all
radionuclide
monitoring
technologies.
iNSPIRE
is
a
single
platform
that
will
replace
the
tools
Norfy,
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
Saint2
and
openSpectra
in
IDC
Operations
and
in
the
NDC-in-a-Box
software
package
for
both
particulate
samples, information concerning the time, location, abundance of specific isotopes produced in the event canand
be
nobleConsequently,
gas data of thedetection
International
Monitoring
System
presentation
main features
the
lost.
strategies
are needed
that(IMS).
enableThe
much
more rapidcompiles
isotope the
identification.
Weofwill
first release
which
offers analysis
functionalities
for beta-gamma
coincidence
based noble
gas enabled
data. by Metaldescribe
in-situ
radioisotope
identification
by beta-gamma
coincidence
in a portable
system
Organic Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas
facilitate Joint
selective
adsorption of
of Seismic
weakly interacting
gases suchSignals
as xenon.from
Second,
established
structureT3.5-P38
Processing
and Infrasound
Mining
Blasts
function relationships governing MOF gas uptake enable rational design of materials optimized for specific
1
2
2
M. to
Yedlin
, I. Kitov
, M.Xe).
Rozhkov
applications (e.g.,
selectively
adsorb
We demonstrate that MOFs enable the identification of radioactive
1 University of British Columbia,Vancouver, BC, Canada
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
2 CTBTO Preparatory Commission, Vienna, Austria
MOF-enabled detection
concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.
Contact: matty@ece.ubc.ca;matt.yedlin@gmail.com

The joint interpretation of seismic and infrasound (SI) signals from seismic-acoustic events is a challenge for
automatic
We have conducted
a detailed study of SI signals from quarry blasts in Sweden and the
T3.1-O5 processing.
High Sensitive
Xe Measurements
DPRK. Waveform cross-correlation (WCC), applied to seismic and infrasound wave-fields generated by mining
blasts, demonstrates
high similarity between signals, notwithstanding measurable changes in the complex
Y. Popov
seismic sourceLares
function
and highly varying propagation effects in the atmosphere.
LLC,for
St. ripple-fired
Petersburg, detonations
Russian Federation
The event definition criteria for the SI events requires reliable detections reported by at least one infrasound
Contact: yurys_popov@mail.ru
station together with one or more detections at primary seismic stations. Using various sets of defined
parameters, weonly
haveXe133
cross-correlated
seismic signals
at the
frominstallations.
thousands ofDue
historical
Unfortunately
is usually detected
in the recorded
air samples
on IMS
IMS stations
Noble Gas
to its
seismic-infrasound
events
reported
in
the
IDC’s
Reviewed
Event
Bulletin
(REB).
For
the
WCC
method,
have
relatively higher concentration in comparison with metastable xenon isotopes. The metastable we
xenon
optimized
these
defining
parameters
by
balancing
the
rate
of
detection
and
false
alarms.
The
most
important
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
parametersThe
arenew
theproposed
frequency
band uses
and Xe
the samples
templateoflength.
We will
examples of
historical
distances.
method
large volume
for present
each measurement
(>100
ccm ofcrosspure
-5
3
correlations
of
data
from
selected
seismic
and
infrasound
IMS
stations
and
preliminary
results
of
the
automatic
. We
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10 Bq/m
cross correlation
bulletin
(XSEL),
in sample
comparison
the REB,
for which
the period
February toas
May
2019.
developed
a system
to purify
the Xe
from with
a Xe-Kr
mixture
is accumulated
a by-product
during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement
with About
the first achieved
practical
results will be Structures
presented.
T3.5-P39 together
Learning
Small-Scale
Atmospheric
Through Recurrent

Infrasound Events

T3.1-O6
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2

3

C. Millet
, B. RibsteinArgon-37
, S.P. Näsholm
High
Throughput
Field System
1

Commissariat à l’énergie atomique et aux énergies alternatives (CEA), France
2
de Mathématiques
et Leurs Applications/École
Normale
Supérieure,
Paris-Saclay,
J. Centre
C. Hayes,
K. Silvers, C. Aalseth,
T. Alexander, H. Back,
M. Foxe,
L. Lidey,
J. Mendez,
D.France
Stephenson, R. Suarez, G. Whyatt
3
Norwegian
Seismic
Array Laboratory,
(NORSAR), Richland,
Kjeller, Norway
Pacific
Northwest
National
WA, USA
Contact:jc.hayes@pnnl.gov
cmillet@lmd.ens.fr
Contact:

The International
System
comprises
four technologies:
radionuclide,
PNNL
is exploring Monitoring
the use of 37Ar
for (IMS)
detecting
nuclear explosion,
including seismological,
for use in the International
hydroacoustic,
and (IMS).
infrasound.
Anthroughput
important 37Ar
limitation
of these
is system
due to the
that theatstructure
Monitoring
System
A high
separation
andtechnologies
measurement
wasfact
developed
of the propagation
medium Laboratory
is partially (PNNL)
known. This
is especially
true for
infrasound
andanindeed,
a current
trend
Pacific
Northwest National
to detect
37Ar activity
generated
from
underground
nuclear
is to take Argon-37
into account
the activation
impact of product
random generated
atmospheric
small-scale
on the
waveforms
explosion.
is an
when
neutrons structures
interact with
calcium
in the using
soil
computational
On thenuclear
other hand,
the lastAsdecade
hasgas,
beenargon
the success
of stochastic
parameterizations
in
surrounding
an models.
underground
explosion.
a noble
is unreactive
and migrates
through the
short-term,
atmospheric
model ensembles.
Operational
weather
centers
now
earth
and canmedium-range
be released intoand
the seasonal
atmosphere
with the radioxenon
fission gases
that are also
produced
during
a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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routinely
apply stochastic
schemes to Boundary
better represent
modelas
uncertainty
and to improve
the forecast
quality. The
T1.1-O3
Atmospheric
Layer
a Laboratory
for Modeling
Infrasound
goal of this work is to better constrain these stochastic schemes using IMS infrasound records, and to improve
Propagation and Scattering in the Atmosphere
our knowledge about atmospheric small-scale randomness, on a daily basis. It is shown that recurrent explosive
1
1
events can be exploited
for this task,
combining
models 1,ofO.gravity
turbulence2,with
machine 2
I. Chunchuzov
, S. through
Kulichkov
, V. Perepelkin
Popov1wave
, A. Vardanyan
G. Ayvazyan
learning techniques. 1The
performance
of
the
method
is
demonstrated
using
signals
observed
at
the
Norwegian
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
station I37NO in August-September
every year. These signals are known to be generated by the wellFederation
2
characterized daily ammunition
destruction
explosions
that occur at the Hukkakero site, in northern Finland.
Barva Innovation
Center,
Talin, Armenia
Contact: igor.chunchuzov@gmail.com

T3.5-P40
Leveraging
Powerful
Intelligence
Abstractions
ofaIMS
The experimental
results
of studyingArtificial
the effect of
a fine-scale layered
structure of
stablyData
stratified atmospheric

boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) byD.
anDindi
artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Shopmelon,
San have
Francisco,
CA, USA using the wave forms and travel times of the recorded arrivals of
thin layers of the ABL
been retrieved
pulses from
the source.
It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Contact:
josie.zhao@shopmelon.co
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
Artificial
Intelligence
developed
rapid pace in
and has found
widespread
usageparameter
in
of wind
velocity(AI)
and has
temperature
in at
thea stratosphere
andrecent
loweryears
thermosphere.
The role
of similarity
many here
applications
and
services that thickness
we use in of
ourthe
daily
lives. One
emergent domain
in Artificial
place the
dimensionless
reflecting
nonhomogeneous
layers,
which is Intelligence
the vertical is
scale of
generative
modeling
i.e. the
process
of learning
abstractions
of observed
phenomena.
the layer
multiplied
by the
relative
differencestatistical
in effective
sound velocity
and normalized
by These
the vertical
abstractions
are powerful
not of
only
in inhomogeneities
allowing AI systems
generatefluctuations
near-realistic
of and
the arrival
observed
wavelength.
The effect
such
on thetotemporal
of examples
the azimuth
times of
phenomena
(e.g. generating
highly
realistic of
pictures
of in
human
faces) but
also insources
allowing
researchers
to learn
the signals
is studied. The
estimation
the error
localization
of pulsed
is given.
Acknowledgement:
rich statistical
representations
phenomena
that can serve as the basis of further analysis and interpretation
This work
was supportedofbythe
RFBR
N 18-55-05002
of said phenomena. This presentation will provide a review of generative modeling techniques and discuss how
they can be applied to the gigabytes worth of seismic, hydroacoustic, infrasound and radionuclide data that the
International Monitoring Systems captures each day. Specifically, this presentation will demonstrate how
T1.1-O4 Climate Change Through the Eyes of Radioisotopes
generative modeling can learn statistical abstractions of the data and how these abstractions can be leveraged to
2
4
5
6
augment the CTBT’sL.verification
support3,spin-off
(e.g. monitoring
climate change)
Terzi1, M. capabilities
Kalinowskiand
, G.toWotawa
P. Saeyanalyses
, M. Schoeppner
, I. T. Hoffman
1
of the data.
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU WienInfrasound
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Vienna, Austriaof Volcanic Activities of Kyushu Region
T3.5-P41 Long-Term
5
University
of
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Resources
and Applied Life Sciences (BOKU), Vienna, Austria
in Japan
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
H.I. Lee,
I.Y. Che, G.Y. Kim
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon, Republic of Korea
Cosmogenic
radionuclides
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Contact:
leel@kigam.re.kr;leel2140@gmail.com
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
to study progression
and speed
of atmospheric
show
that thereports
cells are
decelerating
during the
Tokyoallows
VAAC(Volcanic
Ash Advisory
Center)
issued morecells.
than Data
10,000
advisory
describing
volcanic
summer
period
which
extending
in time. This is Around
caused by
warming
of the whole
troposphere
and increased
activities
in Japan
over
the is
past
ten years(2009-2018).
98.5%
of advisory
is related
to the volcanic
tropopause height
duevolcanoes
to rising of
CO2
concentrations.
Aestival
episodes of persistent
high-pressure
systems over
eruption/explosion
of five
Kyushu
area, Asosan,
Kirishimayama,
Sakurajima,
Kuchinoerabujima
Europe with low
pressuresignals
gradients
that ledbytothese
almost
stationary
correlated
the observed
and Suwanosejima.
Infrasound
produced
volcanoes
arethunderstorms
well detectedare
at the
Koreanwith
Infrasound
deceleration
of atmospheric
movement.
Thisarray
demonstrates
that 7Be and
22Na can
be used
indicators
Network(KIN)
which
is consisted cell
of eight
infrasound
stations. Epicentral
distance
ranges
from as
502km
to for
confirming
sidetheeffects
of climate
while
providing
new modelling
tool in
seasonal
weather
1,034km.
We haveseveral
analyzed
infrasonic
recordschange
by using
PMCC
with a areference
to the event
origin
time of
forecast.
advisory
reports, focusing on the Sakurajima which is most active. Analysis results show that the annual
variations of arrival time and back-azimuth of infrasound signals are well matched to the annual change of
atmospheric condition in regional scale. It shows also effects of winter stratospheric sudden warming in
2011/2012
and 2012/2013
in infrasound
propagation.
To examine
possibility of characterizing each volcano,
T1.1-O5
Detection
Efficiency
of the IMS
for Bolides
spectral features of beam-formed waveforms of representative infrasound signals are compared each other. It is
confirmed that continuous
volcanic
activities in Kyushu region are excellent sources for infrasound study as well
P. Brown,
N. Gi
as atmospheric studyUniversity
in reginal of
scale.
Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Matrix
of antineutrinos
is unaffected
by Count
the environment
in which
the for
explosion
occurred. The
The
T3.5-P43
Operation
of the Net
Calculation
Method
Beta-Gamma
antineutrinos signal
spreads long
distances from
the location
of the
detonation
through different environments.
Coincidence
Spectrum
Analysis
of IMS
Noble
Gas Samples
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
2
1
1
Liu1, T. Muramoto
, M.
GheddouSystem
introduction ofB.
antineutrino
sensors into
theKalinowski
International, A.
Monitoring
could help to unequivocally detect
1
CTBTO Preparatory Commission, Vienna, Austria
nuclear weapon tests.
2
Tokyo Institute of Technology, Japan

T3.1-O4

Contact: mtks0825@gmail.com

Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
Activity concentrations of CTBT relevant radioxenon isotopes are determined by using liner equations of the net
In-Situ Identification of Radioisotopes
count calculation (NCC) method based on a number of Region of Interest (ROI) and interference ratios between

isotopes and ROIs
noble gasP.samples
from
IMSA.
beta/gamma
coincidence systems. Regarding the coincidence
M.D.for
Allendorf,
Doty, T.
Wang,
Benin, J. Greathouse
counts in X-rays
region,
different
analysisAlbuquerque,
algorithms were
developed by introducing ROI-4 to -10. The
Sandia
National
Laboratories,
NM, USA
interference ratios between ROI-3 to ROIs of 4 to 10 could be different between algorithms like 7-ROI and 10Contact:
ROI approaches.
That ismdallen@sandia.gov
dependent on whether the coincidence counts of X-rays and electrons from Xe-133 is
processed
as
the
independent
ROI-4 or underground
the interferences
of ROI-3
to ROI-4
metastable
Radioactive xenon isotopes aremeasurement
signatures ofofclandestine
nuclear
tests. Their
low and
concentrations
xenon
ROI-5/6.
The
definition
of
the
interference
ratio
with
respect
to
calculation
algorithms
was
discussed
in
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
this
presentation.
The
NCC
equations
can
be
resolved
concisely
by
using
matrix
operation.
Calculation
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
procedures
of the net concerning
counts, theirthe
uncertainties
and abundance
critical limits
were investigated,
and the configurations
were
samples,
information
time, location,
of specific
isotopes produced
in the event can
be
optimized
for
samples
from
noble
gas
systems
of
SAUNA
II/III,
Xenon
International
and
SPALAX
NG.
It is
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
flexible to
compose
the interference
matrixby
according
to specified
analysis
and configurations,
and to
describe
in-situ
radioisotope
identification
beta-gamma
coincidence
in aalgorithm
portable system
enabled by Metaladd additional
interference
corrections.
Organic
Frameworks
(MOFs),
a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction
relationships
governing Techniques
MOF gas uptake
design of materials optimized for specific
T3.5-P44
Mel Cepstrum
forenable
Eventrational
Identification
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
Kemerait,
I. Tibuleac
xenon isotopesR.virtually
in real
time when used in a novel high-pressure detection system we designed. Our
Air
Force
Technical
Applications
Center
(AFTAC),
Patrick Airtimeliness,
Force Base,
USA
MOF-enabled detection concept could
dramatically
improve
the reliability,
andFL,
information
content
of systems usedContact:
for CTBT
verification.
ileana.tibuleac@us.af.mil

The goal of this study is to outline the advantages, applicability and performance of Mel Cepstrum (MC)
techniques for seismic and infrasound event identification. MC has been traditionally used for speech recognition
T3.1-O5
High Sensitive Xe Measurements
at Mel Frequencies (MF), which are equally spaced frequencies on a logarithmic scale. In this study, MC
coefficients are
for feature extraction on seismic and infrasound signals. It is assumed that some types of
Y. used
Popov
event sourcesLares
have LLC,
frequency-power
signatures
may be visible in the MC coefficients. To estimate the
St. Petersburg,
Russian which
Federation
MC, in each data window the log energy is computed in twenty triangular, overlapping band pass filters,
Contact:
yurys_popov@mail.ru
centered on each
MF, which
are applied to the Fourier transform spectral magnitude. A discrete cosine transform
is
applied
to
convert
the
log
power spectrum
from
and installations.
the MC coefficients
Unfortunately only Xe133 is usually
detected in
theMF
air domain
samples toontime
IMSdomain,
Noble Gas
Due to are
its
estimated.
Preliminary
results
using
MC
for
event
identification
are
promising,
and
suggest
that
some
event
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
categories, such
atmospheric
explosions
(Operation
Dominic
the 1950’s),
have
consistent
MC,
concentrations
areasa few
orders ofnuclear
magnitiude
lower and
it is therefore
onlyinpossible
to detect
them
within short
especially
consistent
differential
MC
coefficients
in
neighboring
MF
bands.
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure

Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen
and nitrogen
production
fromNetwork
atmospheric
air at differentOptimization
types of air separation
plants. During the
T3.5-P45
Multilayer
Neural
Architecture
and Performance
presentation the
design
of
the
sample
preparation
unit,
the
beta-gamma
spectrometer
suitable
for big sample
Amelioration for Seismic Signal Classification Using Genetic Algorithms
measurement together with the first achieved practical results will be presented.
A. Atmani, E.H. Ait Laasri, E. Akhouayri, D. Agliz
Ibn Zohr University, Agadir, Morocco
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High
Throughput
Argon-37 Field System
Contact:
atmani_abderrahman@hotmail.com

Artificial Neural
ANNs,
inspired
by theT.biological
neurons
in the
are J.
recently
showed
J. C.Networks
Hayes, K.
Silvers,
C. Aalseth,
Alexander,
H. Back,
M.human
Foxe, brain,
L. Lidey,
Mendez,
D.aStephenson,
R. Suarez, G.
WhyattThe main advantage of ANNs is their ability to learn easily
great results on
variety of classification
problems.
Pacific Northwest
Laboratory,
WA, USA mathematical models of the problem.
and directly complex
non-linearNational
mappings
from dataRichland,
without requiring
However, the main difficult task in using ANNs is to determine an optimal topology that achieves the best
Contact: jc.hayes@pnnl.gov
results. Frequently, this task is performed using a trial-and-error process. Nevertheless, this method demands
enormous
amount ofthe
time
may notnuclear
lead to explosion,
the best performance.
Therefore,
in this
paper, we
PNNL
is exploring
useand
ofeffort,
37Ar and
for it
detecting
including for
use in the
International
propose anSystem
automatic
genetic
optimization
algorithm
for seismic
signal classification
the Multilayer
Monitoring
(IMS).
A high
throughput 37Ar
separation
and measurement
system wasusing
developed
at
Perceptron
neural National
network. Laboratory
This methodology
applied
to real
seismic
data, composed
of four classes.
The
Pacific
Northwest
(PNNL)was
to detect
37Ar
activity
generated
from an underground
nuclear
result is anArgon-37
optimized isMLP
achieves
good performance.
Furthermore,
most with
important
thinginisthe
the soil
fact
explosion.
an that
activation
product
generated when
neutrons the
interact
calcium
that the algorithm
searches for
the best
configuration
by testing
a largeis number
of configurations
without the
the
surrounding
an underground
nuclear
explosion.
As a noble
gas, argon
unreactive
and migrates through
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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intervention
of the user
and in less amount
of time, and
thus as
it reduces
the designing
and timeInfrasound
compared to
T1.1-O3
Atmospheric
Boundary
Layer
a Laboratory
foreffort
Modeling
the classical method.

Propagation and Scattering in the Atmosphere

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov
Institute for
of Atmospheric
Physics,
Russian
Academy ofTechniques
Science, Moscow,
T3.5-P46 Optimization
Algorithm
Synergy of
CTBT
Verification
in Russian
Federation
Addressing
IMS
and
OSI
Tasks
2
Barva Innovation Center, Talin, Armenia
A. Rogovoi
Contact: igor.chunchuzov@gmail.com
Ministry of Defence, Russian Federation
The experimental
results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Contact: masunia.rogovoi@yandex.ru
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min)developed
by an artificial
detonation
presented.
The vertical
profiles
of windanvelocity
We have
an algorithm
for source
CTBT are
verification
methods
synergy
that ensure
optimalfluctuations
Neumann- in the
layers of
the ABL have
been retrieved
using
the wave
forms
travel
timesdiscriminants
of the recorded
of
Pearsonthin
operating
characteristic
of nuclear
explosion
detection
based
on a and
set of
standard
usedarrivals
in
pulses
from
source.
is shown
that the
mechanism
scattering of
signals space
in a stably
stratified
addressing
IMS
andtheOSI
tasks.It The
algorithm
is based
on theofstructuring
of pulse
observation
on the
basis ofABL is
similar
the mechanism
of scattering
of signals
from groundvalues
surface
by layered
nonhomogeneities
likelihood
ratioto(ratio
of probabilities
to get this
set of discriminant
in explosions
case of a nuclear
explosion
or its
of wind
velocity
and temperature
in the
thermosphere.
The role
absence).
We have
determined
conditions
forstratosphere
applicabilityand
of lower
the proposed
algorithm
and of
thesimilarity
its field parameter
of
here place
the dimensionless
of the
reflecting nonhomogeneous
which
the vertical
application
and have
given examplesthickness
of possible
discriminants
when addressing layers,
IMS and
OSI is
tasks.
We havescale of
the layer
in effective
velocity
and normalized
substantiated
the multiplied
dependencebyof the
falserelative
alarms difference
on the nuclear
explosionsound
detection
probability
and shown by
thatthe
thisvertical
wavelength.
effect
of such inhomogeneities
on the temporal fluctuations of the azimuth and arrival times of
algorithm
is optimalThe
based
on Neumann-Pearson
criterion.
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T3.5-P47 Platform for Rain Monitoring and Flood Prevention Risk Oriented Citizen in
Dakar
T1.1-O4 Climate Change Through the Eyes of Radioisotopes

A. Kama, C.M.N.
Fall
1
2
3
L. Terzi
, M.
Kalinowski
, G. WotawaSenegal
, P. Saey4, M. Schoeppner5, I. T. Hoffman6
Université
Cheikh
Anta
Diop, (UCAD),Dakar,
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2 abdoulaye.kama@ucad.edu.sn
Contact:
CTBTO Preparatory Commission, Vienna, Austria
3
Central
Institution
for Meteorology
andlong
Geodynamics
(ZAMG),
Vienna,
Senegal, like other Sahel
countries,
has experienced
a very
and persistent
drought
fromAustria
the 1970s to the
4
TU
Wien
Atominstitut,
Vienna,
Austria
1990s impacting dramatically
society
and
economy.
Since
the
2000s,
annual
rainfall
amount
has
recovered with
5
University
of floods
Naturalmainly
Resources
and populated
Applied Life
Sciences
(BOKU),
Vienna,
an increase of extreme
events
and
in
most
urban
areas
like
Dakar
and
itsAustria
suburbs. In
6
Health
Canada,
Radiation
Protection
Bureau,
Ottawa,
ON,
Canada
addition, the existing infrastructure for weather and environmental observation as well as the present local

rainfall and hydrology
processlucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
knowledge are far from sufficient. To fight against floods and ensure good
Contact:
protection and mobility for people during rainy seasons, we propose to set up a centralized monitoring platform
Cosmogenic
radionuclides
beryllium-7
and sodium-22
known
atmospheric
tracers
andable
cantobemitigate
used together
with our
meteorological
observation
network, integrated
with are
Satellite
data
and IMS data
to be
lock-inand
technique
effectively
verticalallowing
air masses
on surface
measurements.
heavy in
raina events
ensure to
real-time
rain trace
monitoring
goodbased
mobility
by indicating
low risk This
areastechnique
in
study
progression
and speed
of 6,
atmospheric
Data show
the cells
are(data
decelerating
Dakar allows
and as tosuch
helping
addressing
SDGs
10 and 11.cells.
It consists
of a that
central
system
storage during
and the
summer
period
which is(real-time
extendingvisualization)
in time. This and
is caused
by application
warming offor
thecitizens
whole troposphere
increased
processing),
a web
application
a mobile
(rainfall andand
floods
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
map, alert system for possible heavy rain, ...). Machine Learning will be used for analysis taking into account over
Europe
with low
pressure
gradients thatvariability.
led to almost stationary thunderstorms are correlated with the observed
physical
environment
and
rain spatio-temporal
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T3.5-P48 RASA Filter Jam Detection Algorithms

D. Bustillo, J. Volle, J. Tran, N. Al-Alami, E. Tillistrand, M. Wright

General
Dynamics Mission
Systems,
Chantilly,
VA, USA
T1.1-O5
Detection
Efficiency
of the
IMS for
Bolides

Contact:
edward.tillistrand@gd-ms.com
P. Brown,
N. Gi
University
of
Western
Ontario,
London,methods
ON, Canada
General Dynamics Mission Systems
(GDMS)
is seeking
to reduce downtime due to filter advance
failures for the Radionuclide
Aerosol Sampler/Analyzer (RASA) system. The primary concern during filter
Contact: pbrown@uwo.ca
advances are filter jams, which occurs when the filter media wraps itself around the driver rollers. Filter jams
In tothis
studydamage
we examined
344motor
bolides
(airbursts)
on theintervention.
JPL CNEOS
often lead
hardware
to the advance
gear assembly,
thusreported
requiring manual
Damagewebsite
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
to the filter media can also occur to due to tension stress or from actions taken to restore the system. To address
detections.
We
found
206
of
these
bolides
were
detectable
by
at
least
one
infrasound
station
while
only
42 were
this concern GDMS is investigating ways to leverage existing RASA sensors to detect and mitigate filter jams.
automatically
registered
as part motor
of the current
Reviewed
Event Bulletin
(REB) issuedsensor
daily by
However,
One such
sensor is the
filter advance
transducer.
This state-of-health
hasCTBTO.
in the past
only this
global
REB detection
rate of
~10%
averaged
2007-2018
is less than
the "modern"
ratebeen
(fromable
2014-2018)
reported
its minimum,
maximum,
and
average
valuesfrom
during
a filter advance.
However,
GDMS has
to
which identify
approaches
20%.indicative
Above theof1 akTfilter
CTBTO
threshold,
we find
that 40%inofthe
airbursts
reported in
successfully
patterns
jam design
by observing
minute
fluctuations
currentare
values
the motor
REB, while
more An
thanalgorithm
90% are detectable
at one or more
infrasound
stations.
while the
is engaged.
was then developed
to search
for these
patternsAll
in airbursts
real-timewith
and energy
take > 2
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REB
appropriate actions to prevent catastrophic component failures. Further corrective actions are also beingis only
complete
above 15 kTrestore
with the
the system
automated
system not
reported
least four airbursts with
investigated
to automatically
usingdetection
existing hardware
andhaving
without
human at
intervention.
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emission Recent
of antineutrinos
is unaffected
byofthe
environmentModeling
in which for
the Network
explosion occurred.
The
The
T3.5-P49
Advances
and Status
Generative
Processing
antineutrinos signal
long distances from the location of the detonation through different environments.
at thespreads
CTBTO
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
3
3
3
Arora1, S. sensors
Russell2into
, P. the
Mialle
, R. Le Bras
, P. L. Nielsen
introduction ofN.
antineutrino
International
Monitoring
System could help to unequivocally detect
1
Logic, Inc., USA
nuclear weapon Bayesian
tests.
2
University of California, CA, Berkeley
3
CTBTO Preparatory Commission, Vienna, Austria

T3.1-O4

Exploiting
the Tailorable Nanoporosity of Metal-Organic Frameworks for
Contact: nimar.arora@gmail.com;nimar.arora@gmail.com
In-Situ
Identification
of Radioisotopes
NET-VISA is a physics-based generative model of global-scale seismology designed for network processing at

the IDC, i.e. building
an event P.
bulletin
on waveform
The model includes a probabilistic description
M.D. Allendorf,
Doty,based
T. Wang,
A. Benin,data.
J. Greathouse
of event formation
multipleLaboratories,
media (underground,
ocean,NM,
andUSA
atmosphere), the propagation of energy within
SandiainNational
Albuquerque,
and across the media along multiple paths or phases, the detection and mis-detection of these phases at the IMS
Contact:ofmdallen@sandia.gov
stations, the detection
coda energy, and finally the false, or noise, detections at the stations. Further, the model
is
continuously
trained
on
data using
machine learning
techniques,
an inference
based
Radioactive xenon isotopeshistorical
are signatures
of clandestine
underground
nuclearand
tests.
Their lowalgorithm
concentrations
on
greedy
heuristic
search
scans
the
incoming
data
stream
to
generate
a
continuous
event
bulletin.
In
this
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
presentation,
we
will
describe
the
ongoing
efforts
to
make
NET-VISA
results
available
to
the
analysts
and
the
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
measured
improvements
on
standard
IDC
products
such
as
the
REB
bulletin
(+10%
additional
events).
We
will
samples, information concerning the time, location, abundance of specific isotopes produced in the event can be
also Consequently,
describe somedetection
recent advances:
infrasound
detections
and the
corresponding
atmospheric
lost.
strategies inclusion
are neededofthat
enable much
more rapid
isotope
identification.
We will
medium
in
the
model,
modeling
of
oceanic
explosions
generating
detections
at
seismic
stations,
improvements
describe in-situ radioisotope identification by beta-gamma coincidence in a portable system enabled by Metal2
for regional
seismic (MOFs),
events (+10%
overlaptailorable
with theclass
analyst-reviewed
bulletin),
noise
/g.
Organic
Frameworks
a new, highly
of sorbents withLEB
surface
areas asand
highreal-time
as 7000 m
modeling
to
improve
processing
of
large
aftershock
sequences
(+5%
overlap).
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications
to selectively
adsorb Noise
Xe). We
demonstrate
thaton
MOFs
identification
of radioactive
T3.5-P50 (e.g.,
Reduction
of Wind
Impact
Based
the enable
Use oftheData
from a Weather
xenon isotopesStation
virtuallyin
in Recording
real time when
used in a novel
high-pressure
Infrasound
Signals
at IS43 detection system we designed. Our
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
Rybin
of systems usedI. for
CTBT verification.
Ministry of Defence, Russian Federation
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Contact: 46179_nouoetssk@mil.ru

High Sensitive Xe Measurements

We have developed a method of reducing wind noise impact on recording of infrasound signals by considering
wind speed atY.IMS
infrasound stations. Approbation of developed algorithms was performed at IS43. The
Popov
Lares
St. Petersburg,
Russian Federation
likelihood ratio
Λ forLLC,
a model
signal corresponding
to a 10 kiloton atmospheric nuclear explosion (ANE) at the
distance of about 3000 km from the infrasound station was used as a discriminant. Λ was assessed by a pair of
Contact: yurys_popov@mail.ru
values – a root-mean-square deviation of pressure pulsations σ_p and a mean value of wind speed module v ̅ that
were averagedonly
by the
duration
of an detected
ANE model
signal.
We used
3 years
different seasons
Unfortunately
Xe133
is usually
in the
air samples
on data
IMSfor
Noble
Gas of
installations.
Due toand
its
different time
of theconcentration
day, the total in
duration
of 36 hours.
20 thousand
model signals
were included
in
relatively
higher
comparison
with Over
metastable
xenonANE
isotopes.
The metastable
xenon
the
background.
2D
distributions
of
conditional
probability
P((σ_p,v
)
̅
│H)
and
P((σ_p,v
)
̅
|H
)
̅
were
generated
for
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
hypothesisThe
H (ANE)
and its alternative
̅ and
an operating
of meteoselector
constructed
on
distances.
new proposed
method usesHXe
samples
of largecharacteristic
volume for each
measurementwas
(>100
ccm of pure
-5the detection
3
their
basis.
The
analysis
of
the
operating
characteristic,
which
is
a
dependence
of
false
alarms
on
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10 Bq/m . We
probability,a allows
conclusion
about
theaefficiency
of the which
proposed
method.
developed
systemtotomake
purifya the
Xe sample
from
Xe-Kr mixture
is accumulated
as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation the design of the sample preparation unit, the beta-gamma spectrometer suitable for big sample
measurement
withAthe
first achieved practical
results
presented.
T3.5-P51 together
RNIAC:
Cloud-Based
Approach
ofwill
thebeRadionuclide
National Data Centre

(NDC) in a Box Software (RNIAB)

T3.1-O6

S. Laban
High
Throughput Argon-37 Field System

Freelance Consultant, Vienna, Austria
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
Contact: shaban.laban@gmail.com
D. Stephenson, R. Suarez, G. Whyatt
Pacific
Northwest
National
Laboratory, Richland,
The introduction
of the
Radionuclide
NDC-In-A-Box
(RNIAB) WA,
was USA
a mile stone in the treaty verification. The
software is helping
the
Radionuclide
community
to
get
the
latest
and
utmost of the Radionuclide data, analysis
Contact: jc.hayes@pnnl.gov
and review. However, maintaining and operating such complex software is a complex task and lacks the means
PNNL
is exploring
the useand
of data
37Aranalysis
for detecting
including
in theis International
of exchanging
information
among nuclear
the stateexplosion,
parties. The
aim of for
this use
research
to study the
Monitoring
System
(IMS).
A high throughput
37Ar separation
and measurement
wasThe
developed
possibility of
adopting,
implementing
and operating
a cloud-based
version of thesystem
RNIAB.
researchatbenefits
Pacific
to detect 37Ar
activity
generated
an underground
nuclear
from theNorthwest
rapid andNational
growingLaboratory
advances in(PNNL)
communications
and cloud
solutions
andfrom
services.
Implementing
such
explosion.
Argon-37
activation
product generated
when neutrons
interact
withandcalcium
in the
soilit
approach may
increaseistheanusage
and operability
of the Radionuclide
software
remotely
efficiently.
Also,
surrounding
explosion.
As a noble gas,
is unreactive
migrates
can increase an
theunderground
exchange of nuclear
information
and Radionuclide
data argon
analysis
among the and
National
Datathrough
Centersthe
as
earth
andreduces
can be efforts
releasedand
intotime
the of
atmosphere
with the
fission
that are
a
well as
maintainability
of radioxenon
the software.
The gases
challenges
to also
suchproduced
approachduring
will be
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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presented.
Also, the different
cloud-based
solutionsLayer
and databases
will be discussed.
The methodology,
models
T1.1-O3
Atmospheric
Boundary
as a Laboratory
for Modeling
Infrasound
and techniques to achieve the proposed research will be introduced as well as future directions.

Propagation and Scattering in the Atmosphere
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The experimental
of studying
theLaboratory,
effect of a fine-scale
structure of a stably stratified atmospheric
3
Earthquake
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Centre,
Sultan
Qaboos
University,
Oman
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses generated with a certain period (1
4
Department
of Geology,source
University
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min) by 5an
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are presented.
The vertical profiles of wind velocity fluctuations in the
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Jeddah, Saudia
thin layers
of the
ABL have
been retrieved
using Arabia
the wave forms and travel times of the recorded arrivals of
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of
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pulses from
the
source.
It
is
shown
that
the
mechanism
of scattering of pulse signals in a stably stratified ABL is
7
Univeristy,
Tiblisi, Georgia
similar toIlia
theState
mechanism
of scattering
of signals from ground surface explosions by layered nonhomogeneities
of windContact:
velocity bondar@seismology.hu;ibondar2014@gmail.com;istvan@isc.ac.uk
and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
Travel-time
predictions
fromby
RSTT,
a global difference
three-dimensional
velocity
model
of the crust
and upper mantle
the layer
multiplied
the relative
in effective
sound
velocity
and normalized
by thearevertical
tested and
validatedThe
in the
Middle
East,inhomogeneities
Central Asia and
regions.
In cooperation
with the and
CTBTO,
wavelength.
effect
of such
onCaucasus
the temporal
fluctuations
of the azimuth
arrivalwe
times of
organized
workshops
(e.g. Kazakhstan)
to conduct
training
on RSTT. of
Using
thesources
iLoc location
and
the signals
is studied.
The estimation
of the error
in localization
pulsed
is given.algorithm
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groundThis
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events
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relocated events both with ak135 and with RSTT predictions and
was
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compared the accuracy of the locations with respect to the ground truth. We demonstrate that RSTT brings an
overall improvement in location accuracy.
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Cosmogenic
radionuclides
beryllium-7
and sodium-22
known
atmospheric
tracers
and can
be used
together
It is generally
considered
that guidance
resulting
from ATMare
usually
benefits
from an
increase
of spatial
and
in aresolution.
lock-in technique
to effectively
vertical
air masses
on surface
measurements.
This technique
temporal
Under funding
from thetrace
European
Union
Councilbased
Decisions
VII, our
group has initiated
a
allows
to studyofprogression
and speed
of atmospheric
cells.ATM
Data guidance
show that in
thebackward
cells are decelerating
during
scientific
evaluation
that assumption.
CTBTO
mainly uses
mode to link
a the
summerfrom
period
whichstation
is extending
in time.
Thislocation.
is causedHowever,
by warming
whole
and increased
measurement
an IMS
to a possible
source
ATMofisthe
also
used troposphere
in forward mode
to
height
to rising CO2
concentrations.
Aestival
episodes
of apersistent
systems over
predicttropopause
which of the
IMSdue
radionuclide
stations
are likely to
be affected
given
potentialhigh-pressure
radioactive release.
Europe
withwill
lowbe
pressure
gradients
led Increasing
to almost stationary
are correlated
the observed
These two
aspects
considered
in thisthat
study.
resolutionthunderstorms
implies additional
computingwith
resources.
atmospheric
movement.
demonstrates
7Be at
andhigher
22Na resolution
can be usedtaking
as indicators
for
A thirddeceleration
secondary of
aspect
will be cell
to evaluate
theThis
relative
cost of that
running
into
confirming
severaldecrease
side effects
of climate
while
providing
a new
tool into seasonal
consideration
the steady
in CPU
cost overchange
the years.
Results
of this
studymodelling
will contribute
define theweather
forecast. of the ATM system within the CTBTO. This presentation will describe the project and present
future evolution
initial results.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T3.5-P54 SeisComP3 iLoc Integration Applied to Array Processing
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, J.London,
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Contact: pbrown@uwo.ca
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In thisContact:
study weber@gempa.de
we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections.
We found 206
of these
bolidesavailable
were detectable
at least
one infrasound
station while
only
42 were
With the
recent SeisComP3
release
the already
seismic by
event
locators
including LocSat,
Hypo71
and
automatically
registered
part iLoc.
of the iLoc
Reviewed
Bulletin
(REB)
by CTBTO.
However,
NonLinLoc
have been
extendedas with
is the Event
expansion
of the
ISCissued
locatordaily
algorithm
optimized
for this
detection
rate of
~10%
averaged
fromNDCs
2007-2018
is lessevent
than location
the "modern"
rate
(from
seismicglobal
event REB
monitoring
by local
and
regional
networks,
and global
studies.
With
iLoc2014-2018)
the
which approaches
Above
the 1tokTintegrate
CTBTOresults
design from
threshold,
find that 40%
of airbursts
are reported in
open source
SeisComP320%.
system
is able
arraywe
processing
modules
like GEMPA's
the REB,
whilepackage
more than
90% are To
detectable
one processing
or more infrasound
stations.
airbursts
energy > 2
commercial
software
LAMBDA.
supportatarray
the graphical
userAll
interfaces
ofwith
the open
reported package
on the JPL
site sinceto2007
havephase
beenpicks
detected
infrasonically.
However,
the REB
source kT
SeisComP3
havefireball
been extended
consider
for event
localization
with slowness
andis only
complete
above 15to kT
the automated
detection
not having
reported
at least
four
backazimuth
in addition
the with
detection
time. Therefore
iLocsystem
as a native
SeisComP3
locator
allows
to airbursts
use the with
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full capacity
processing
LAMBDA
real-time
automatic and
interactive
emission ofof array
antineutrinos
is in
unaffected
byand
the SeisComP3
environmentduring
in which
the explosion
occurred.
The
The
analysis.
LAMBDA
provides
several
array
processing
techniques
as
static
and
dynamic
F-K
analysis,
beam
antineutrinos signal spreads long distances from the location of the detonation through different environments.
packing
and to
backprojection
along
traveltime
curves.
infrasound
areofsupported
iLoc, the
seismic
We
propose
build a 1 km3
detector
at the
SouthAsPole
for the phases
purpose
detectingbynuclear
tests.
The
and infrasound
phases derived
by into
LAMBDA
can be used
within the
localization.
Here
we present thedetect
array
introduction
of antineutrino
sensors
the International
Monitoring
System
could help
to unequivocally
processing
results
for the nuclear weapons tests of North Korea and other induced seismic events applying the
nuclear
weapon
tests.
iLoc implementation compared to the existing locators like LocSat.

T3.1-O4 Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
T3.5-P55 In-Situ
SeismicIdentification
Instrument Response
Representation Using Poles and Zeros in
of Radioisotopes
Laplace Domain Y

M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
A. Amponsah
Sandia
NationalFordjour
Laboratories, Albuquerque, NM, USA
Ghana Atomic Energy Commission, Accra, Ghana
Contact: mdallen@sandia.gov
Contact: doasted200@gmail.com
Radioactive xenon isotopes are signatures of clandestine underground nuclear tests. Their low concentrations
This presentation
focuses
on collection
instrumentand
responses
representation
using poles
zerosporous
in the carbon
Laplacesorbents.
domain.
remote
from the event
require
separation
from large quantities
of and
air using
Poles and Zeros
ofto
a transfer
function
are the
frequencies
for which
of therequired
denominator
and numerator
Unfortunately,
due
their short
half-lives,
large
dilution factors,
and the
the value
long times
to remotely
acquire
of the function
becomes
zero the
respectively.There
are basically
three isotopes
(3) types
of seismometers
in
samples,
information
concerning
time, location, abundance
of specific
produced
in the eventused
can be
Transportable
array
(TA)
namely
Guralp
CMG-3TB,
Streckeisn
STS-2,
Trillium
240.
The
study
used
PS42,
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
which isin-situ
a primary
seismic station
of the by
International
Monitoring
systems
(IMS) insystem
Tunisia
with broad-band
describe
radioisotope
identification
beta-gamma
coincidence
in a portable
enabled
by MetalchannelsFrameworks
and a Guralp
CMG-3TB.
seismometer
sixof(6)
poles and
(3)areas
zerosaswith
normalization
Organic
(MOFs),
a new,The
highly
tailorablehas
class
sorbents
withthree
surface
higha as
7000 m2/g.
factor of
4.395259E+10.
The sensitivity
of the
channel
is 20.0
counts/(nm/s)
at a frequency
of ultrahigh
1.0 Hz. Asurface
Python
MOFs
possess
a combination
of properties
unique
among
nanoporous
materials.
First, their
algorithm
was developed
to do Wiener-Levinson
deconvolution
and plot
instrument
responses
using structurepoles and
areas
facilitate
selective adsorption
of weakly interacting
gases such
as xenon.
Second,
established
zeros data
set.The set of
six(6) poles
andgas
two(2)
zeros
which
are complex
with frequency
were
function
relationships
governing
MOF
uptake
enable
rational
designnumbers
of materials
optimized vectors
for specific
inputs of the(e.g.,
algorithm
to outputadsorb
amplitude
at thesethat
frequencies.One
zeros was ignored
in order
applications
to selectively
Xe). and
We phase
demonstrate
MOFs enable set
theofidentification
of radioactive
to haveisotopes
a response
in velocity.The
algorithm
displayed
frequency
response detection
curve which
is almost
the same Our
as a
xenon
virtually
in real time
when used
in a novel
high-pressure
system
we designed.
seismometer
response
curve
of
a
Guralp
CMG-3TB
and
therefore
validates
the
algorithm.
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
of systems used for CTBT verification.

T3.5-P56 Seismic Phase Identification with Deep Learning in Frequency Domain
T3.1-O5 High Sensitive Xe Measurements

M. Salam
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LLC,mahmoud.salam@nriag.sci.eg;mssas_sami@yahoo.com
St. Petersburg, Russian Federation
Contact:
Contact: yurys_popov@mail.ru
Identifying different seismic phase of a seismograph has been the cornerstone in earthquake processing and
location. Mostonly
of the
effortsis ofusually
the seismic
phase
identification
is the
obligation
the installations.
analyst. DeepDue
leaning
Unfortunately
Xe133
detected
in the
air samples
on IMS
NobleofGas
to itsis
offering a powerful
tool for analystinexperience
transfer
learning form
the events
data already
processed.xenon
Then,
relatively
higher concentration
comparison
withbymetastable
xenon
isotopes.
The metastable
these
gained
knowledge
can
be
used
for
upcoming
processing
and
extract
missing
small
events.
Most
of
the
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
previous
seismic
waveform
processing
for
phase
detection
and
identification
were
done
in
time
domain.
In
this
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
3
study
we suggest
using for
frequency
domain
in form
of spectrogram
event.
Spectrogram
is used
to represent
. We
Xe)
resulting
in MDCs
Xe131m,
Xe133,
Xe133m
and Xe135 of
in the
every
sample
of less than
10-5 Bq/m
the varying
of the seismic
forfrom
different
frequency
time. Using
frequency domain
developed
a system
to purifysignal
the Xepower
sample
a Xe-Kr
mixture bands
which though
is accumulated
as a by-product
during
allows the
learning
to extract
more
sensitive, robust
stabletypes
features
from
the signalplants.
which During
can leadthe
to
oxygen
anddeep
nitrogen
production
from
atmospheric
air at and
different
of air
separation
better classification
result.
recorded byunit,
the SCSN
(Southern California
Earthquake
Center)
are
presentation
the design
of Earthquakes
the sample preparation
the beta-gamma
spectrometer
suitable Data
for big
sample
used as training
and with
validation
sets which
were
usedwill
in be
previous
similar studied to provide a stable
measurement
together
the firstdata
achieved
practical
results
presented.
benchmark. The three channels waveform were used to enrich the deep learning algorithm and increases the
ability for phase type discrimination.
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High Throughput Argon-37 Field System
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D.
Stephenson,in
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Suarez, G. Whyatt
Assessment

Pacific Northwest National Laboratory, Richland, WA, USA
H.M.G. Farghly,
M. El-Hadidy, A. Badawy
Contact:
jc.hayes@pnnl.gov
National Research Institute of Astronomy and Geophysics (NRIAG), Helwan, Egypt
PNNL is exploring
the hanan_mahmoud86@yahoo.com
use of 37Ar for detecting nuclear explosion, including for use in the International
Contact:
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific
Northwest
National
Laboratory
(PNNL)for
to Egypt
detect is
37Ar
activity of
generated
an underground
A recent
probabilistic
seismic
hazard analysis
performed
the Peakfrom
Ground
Accelerationnuclear
(PGA)
explosion.
is an
activation
product
neutrons
interactstudy,
with an
calcium
in the
soil
and SpectralArgon-37
Acceleration
(SA)
for 475 and
2475 generated
years returnwhen
periods.
In the current
earthquake
catalog
surrounding
an its
underground
nuclear
As 2016
a noble
argonfor
is unreactive
through and
the
of Egypt and
surrounding
from explosion.
2200 BC to
ADgas,
is used
identifying and
the migrates
seismic sources
earth
and cantheir
be released
intoparameters.
the atmosphere
the radioxenon
fissionthree
gasesseismotectonic
that are also produced
a
calculating
seismicity
Two with
de-clustering
algorithms,
models, during
and four
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Atmospheric
as a Laboratory
for Modeling
Infrasound
Ground
Motion Prediction
Equations Boundary
(GMPEs) areLayer
implemented
through the logic-tree
framework
to overcome
the epistemic uncertainties.
Sensitivity
shows in
thatthe
seismic
hazard results of the cities located at the
Propagation
andanalysis
Scattering
Atmosphere
unstable shelf are highly affected with
variation in 1the de-clustering1 algorithms.1 The sensitivity 2analysis of the 2
1
Chunchuzov
Kulichkov
, V. Perepelkin
O. Popov
, A. reflects
Vardanyan
, G. Ayvazyan
used GMPEs shows I.
wide
variations ,ofS.the
values obtained
by each ,model
and this
the urgent
need for
1
ObukhovGMPEs
Instituteusing
of Atmospheric
Physics,
Russian Academy
of Science,
Moscow,
evaluating the recentA.M.
developed
the Egyptian
seismological
database.
The results
of Russian
the
Federation
disaggregation show2that
Newbie City is highly exposed to high levels of ground motion in 475 and 2475 years
Barva
Innovation
Armenia
return periods and at the
short
and longCenter,
spectralTalin,
periods
(1 sec.) but, cities located in the NW part of Egypt are
highly affected by theContact:
long period
seismic waves generated by earthquakes initiating at the Hellenic Arc.
igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
T3.5-P58
Sensitivity of a Bayesian Source-Term Estimation Model to Spatiotemporal
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Sensor
thin layers
of theResolution
ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from
the
source.
It is shown
that the mechanism
D. Jensen, D. Lucas,
K. Lundquist,
L. Glascoeof scattering of pulse signals in a stably stratified ABL is
similar to
the
mechanism
of
scattering
of
signals
groundCA,
surface
Lawrence Livermore National Laboratory,from
Livermore,
USAexplosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
Contact:
jensen54@llnl.gov;derek591@gmail.com
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
The effect
such inhomogeneities
on the temporal
of the
azimuth
and arrival
times of
Sourcewavelength.
term estimation
(STE)of
methods
calculate the most-likely
sourcefluctuations
characteristics
of an
atmospheric
release
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
given concentration observations. The confidence in the STE depends on the time and space scales of the
This work
was supported
RFBR
N 18-55-05002
observations,
sensor
locations,byand
release
parameters. In previous work, we developed and validated a

probabilistic STE algorithm that was validated using high-resolution spatiotemporal data collected during a
controlled tracer release experiment. Here, the STE algorithm receives significant improvements, which extend
T1.1-O4
Climate Change
Through
theImprovements
Eyes of Radioisotopes
applicability
to coarser-resolution
observational
datasets.
include the addition of a fully-connected
deep neural network model 1emulator with dynamically
optimized
architecture
and more robust and resilient
2
3
4
L. Terzi
, M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
goodness-of-fit (GOF)
1 metrics, used to measure the discrepancy between model and observational data. Using
Belgian
Nuclearover
Research
Centerthe
(SCK•CEN),
Belgiumalgorithm is quantified over a
synthetically generated
observations
East Asia,
skill of theMol,
improved
2
CTBTO
Preparatory
Commission,
Vienna,
Austria
broad range of sensor
configurations and release scenarios. The evaluation is broken into three experiments.
3
Central
for techniques
Meteorology
Geodynamics
(ZAMG),
First, a validation study.
Next,Institution
data-denial
areand
applied
to a single
releaseVienna,
scenarioAustria
over the Korean
4
TU
Wien
Atominstitut,
Vienna,
Austria
peninsula, where the5skill of the inversion is shown to be highly sensitive to the number of deployed sensors but
University
of Natural
Resources
Applied
Sciences
(BOKU),
Austria
less sensitive to temporal
resolution.
Finally,
the STE and
algorithm
is Life
tested
for many
releaseVienna,
locations
throughout
6
Health
Canada,
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Protection
Bureau,
Ottawa,
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the geographic model domain.
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together

T3.5-P59
Signal Character Analysis of Lightning in Nuclear Explosion Infrasound
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows toDetection
study progression and speed of atmospheric cells. Data show that the cells are decelerating during the

summer period which is extending in time. This is caused by warming of the whole troposphere and increased
X. Pang, J. Teng
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Institute of Applied Physics and Computational Mathematics, Beijing, China
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
Contact:
51940900@qq.com;tengjun77@163.com
deceleration
of atmospheric
cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
This paper
analyzes the characteristics of interference event in the infrasound detection of nuclear explosion.
forecast.
After data preprocessing, such as mean removal, atmospheric disturbance removal, filtering and normalization,
etc., the infrasound signal characteristics of lightning, chemical explosion and satellite launch event are analyzed
through spectrum and statistical methods. Finally, spectrum characteristics of interference event infrasound
Detection
of the IMS
Bolides
signal T1.1-O5
are obtained according
to Efficiency
statistical conclusions.
The for
analysis
results show that the acquired infrasound
signal characteristics of lightning, chemical explosion and satellite launch event are different from those of
P. Brown, N. Gi
nuclear explosion, and this characteristic value can be used as one of the feature vectors of nuclear explosion
University of Western Ontario, London, ON, Canada
infrasound detection and recognition.
Contact: pbrown@uwo.ca
In

this

study

we

examined

344

bolides

(airbursts)

reported

on

the

JPL

CNEOS

website

T3.5-P60
Simulations of Gamma between
Ray Spectra
of Fission
Samples
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
and attempt
to correlate these with infrasound

detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
O. Aviv, A. Lipshtat, S. Vaintraub
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Soreq Nuclear Research Center, Israel
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Contact: oferav@soreq.gov.il;oferav0987@gmail.com
which approaches
20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
Radionuclide
laboratories
affiliated
withsite
thesince
CTBTO
high-resolution
spectrometry
determine
kT reported
on the JPL
fireball
2007use
have
been detectedgamma-ray
infrasonically.
However,to the
REB is only
the presence
of
certain
fission
and
activation
products,
which
indicate
the
occurrence
of
a
nuclear
explosion.
complete above 15 kT with the automated detection system not having reported at least four airbursts with
Annual proficiency tests are used to assess the performance of the radionuclide laboratories. While proficiency

189

3

Theme 3: Verification Technologies and Technique Application

CTBT Science and Techology 2019

test samples
quite is
expensive
to prepare
allow only
radionuclide
(dueThe
to
emission are
of usually
antineutrinos
unaffected
by the and
environment
in limited
which the
explosion content
occurred.
The
radioactive
decay
and
safety
issues),
synthetic
spectra
can
be
used
to
model
practically
any
scenario
at
relatively
antineutrinos signal spreads long distances from the location of the detonation through different environments.
low propose
cost. Gamma-ray
of fission
samples
varying
ages
using
a combination
of
We
to build spectra
a 1 km3
detector
at theofSouth
Pole
forwere
the accurately
purpose ofmodeled
detecting
nuclear
tests. The
two tools: (i)ofKoala
code was
used into
to calculate
the time-dependent
of fission
products.
(ii) GEANT4
introduction
antineutrino
sensors
the International
Monitoring activities
System could
help to
unequivocally
detect
softwareweapon
was used
to simulate the response functions of a germanium detector to photons of varying energies.
nuclear
tests.
The numerical simulations were validated experimentally by irradiation of HEU samples in a reactor and later
measuring them periodically. Synthetic spectra were used to test an algorithm for measurement restrictions
within the framework of OSI. The numerical method and obtained results, as well as possible applications (e.g.
T3.1-O4
Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
nuclear forensics), will be presented and discussed.

In-Situ Identification of Radioisotopes

M.D. Allendorf, P. Doty, T. Wang, A. Benin, J. Greathouse
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Spectral
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Explosions
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Northern
of
Egypt
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, M. ElGabry
, H. Hussein
, I. Korrat
Radioactive xenon
isotopes
are signatures
of clandestine
underground nuclear tests. Their low concentrations
1
Research
Institute
Astronomy
andlarge
Geophysics
(NRIAG),
Helwan,
Egypt
remote from the2 National
event require
collection
andof
separation
from
quantities
of air using
porous
carbon sorbents.
Faculty
of
Science,
Mansoura
University,
Egypt
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
samples, information
concerning
the time, location, abundance of specific isotopes produced in the event can be
Contact:
adelsamy30@yahoo.com;Adelsami@nriag.sci.eg
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
In this study,
theradioisotope
P- and S-wave
observed velocity
and displacement
source
from
earthquakes
Quarry
describe
in-situ
identification
by beta-gamma
coincidence
in aspectra
portable
system
enabled and
by Metalexplosions
with similar
magnitudes
analyzed
andclass
compared.
We have
examined
1755
vertical
component
Organic
Frameworks
(MOFs),
a new,were
highly
tailorable
of sorbents
with surface
areas
as high
as 7000
m2/g.
seismograms
earthquakes
239 Quarry
explosions
with magnitudes
Md=1.5-3.3
between
2009 surface
to 2015
MOFs
possessofa244
combination
of and
properties
unique
among nanoporous
materials.
First, their
ultrahigh
recorded
by theselective
Egyptianadsorption
National Seismic
Network
(ENSN)
in such
northern
Egypt at
epicentral
distancesstructureof up to
areas
facilitate
of weakly
interacting
gases
as xenon.
Second,
established
200 km in
order to develop
a criteria
for gas
qualitative
quantitative
between
shallow for
earthquakes
function
relationships
governing
MOF
uptake and
enable
rational discrimination
design of materials
optimized
specific
and quarry explosions
based on adsorb
differences
their
spectral properties.
computed
spectra wereofcorrected
for
applications
(e.g., to selectively
Xe). in
We
demonstrate
that MOFsThe
enable
the identification
radioactive
site,
propagation
path
and
instrumental
effects
for
each
recorded
station.
Based
on
omega-square
fitting
Brune’s
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
model, the source
parameters
of seismic
moment (Mo),
cornerthe
frequency
(fc)timeliness,
and moment
(Mw)
were
MOF-enabled
detection
concept
could dramatically
improve
reliability,
andmagnitude
information
content
determined
from
corrected
displacement
spectra
then
the
quantitative
analysis
is
performed.
Results
of
this
study
of systems used for CTBT verification.
show that the quarry explosions spectra decrease more sharply at high frequencies than earthquakes of the same
estimated magnitudes, leading to lower corner frequency estimates. Moreover, earthquake velocity spectra
contain high-frequency energy compared with the spectrum of the quarry explosions. A scaling relations were
T3.1-O5
High Sensitive Xe Measurements
constructed between Mo(P,S)-fc(P,S), fc(P)-fc(S) and fc(P)/fc(S)-Mw(P,S); it reflect an effective separation
between earthquakes
and explosions.
Y. Popov
Lares LLC, St. Petersburg, Russian Federation

Contact: yurys_popov@mail.ru

T3.5-P62 Source Term Estimation in the Presence of Nuisance Signals

Unfortunately only Xe133 is usually detected in the air samples on IMS Noble Gas installations. Due to its
B. Schrom,
P. Eslinger,
J. Mendez,with
H. Miley
relatively higher
concentration
in comparison
metastable xenon isotopes. The metastable xenon
Pacific
Northwest
National
Laboratory,
Richland,
WA,USA
concentrations are a few orders of magnitiude lower and
it is therefore
only possible to detect them within short
distances. The Contact:
new proposed
method uses Xe samples of large volume for each measurement (>100 ccm of pure
brian.schrom@pnnl.gov
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
Many source-term
algorithms
forfrom
atmospheric
releases which
assumeis the
measured as
concentration
are
developed
a system estimation
to purify the
Xe sample
a Xe-Kr mixture
accumulated
a by-productdata
during
influenced
by theproduction
releases offrom
interest.
However,airthere
are situations
short-term
release
oxygen
andonly
nitrogen
atmospheric
at different
typeswhere
of airidentifying
separation aplants.
During
the
from an unknown
location
presence
of long-term
from a different
locationsuitable
is of interest.
such
presentation
the design
of in
thethe
sample
preparation
unit,releases
the beta-gamma
spectrometer
for bigOne
sample
example is determining
if part
or all
of a typical
magnitude
concentration
of a radioactive isotope in a sampler
measurement
together with
the first
achieved
practical
results will
be presented.
came from a nuclear explosion, such as the explosion announced by DPRK in 2013, while medical isotope
facilities and nuclear power plants were also operating in the region. An estimation algorithm has been
developed for the case where a short-duration release is confounded by a long-term nuisance signal associated
T3.1-O6
High Throughput Argon-37 Field System
with one or more additional release locations. The technique is demonstrated using synthetic release data for a
hypothetical medical
isotope
facility and
a hypothetical
puff release
fromL.aLidey,
different
location. The
J. C. Hayes,
K. production
Silvers, C. Aalseth,
T. Alexander,
H. Back,
M. Foxe,
J. Mendez,
algorithm successfully
determines
the location
and time-varying release rate from the medical isotope production
D. Stephenson,
R. Suarez,
G. Whyatt
facility and thePacific
location,
time, and
releaseLaboratory,
magnitude ofRichland,
the puff WA,
release.
Northwest
National
USA
Contact: jc.hayes@pnnl.gov
PNNL
is exploring
the Term
use of Estimation
37Ar for detecting
explosion,
including
for use in theSamples
International
T3.5-P63
Source
Usingnuclear
Multiple
Isotopes
in Atmospheric
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
H. Miley,
P. Eslinger,
Lowrey,toB.detect
Schrom
Pacific Northwest
National
LaboratoryJ.(PNNL)
37Ar activity generated from an underground nuclear
Pacific
Northwest
National
Laboratory,
Richland,
USA interact with calcium in the soil
explosion. Argon-37 is an activation product generated
whenWA,
neutrons
surrounding anContact:
underground
nuclear explosion. As a noble gas, argon is unreactive and migrates through the
harry.miley@pnnl.gov
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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Algorithms
that estimate
the location
and magnitude
of as
an aatmospheric
release
remotely
sampled air
T1.1-O3
Atmospheric
Boundary
Layer
Laboratory
for using
Modeling
Infrasound
concentrations typically involve a single constituent. A new algorithm is presented that makes discrimination
Propagation
and nuclear
Scattering
in the
Atmosphere
between possible types
of releases (e.g.,
explosion,
nuclear
power plant, or medical isotope production
1
1
1
1
facility) an integralI.part
of
the
analysis
for
samples
that
contain
multiple
isotopes.
Algorithm2,performance
Chunchuzov , S. Kulichkov , V. Perepelkin , O. Popov
, A. Vardanyan
G. Ayvazyanis2
demonstrated using1 synthetic
data
and
shows
promise
in
discriminating
between
different
hypotheses
onRussian
the
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow,
release type, especially
if data are available on 3 or more isotopes.
Federation
2

Barva Innovation Center, Talin, Armenia

Contact: igor.chunchuzov@gmail.com

T3.5-P64 Source Term Estimation with a Simple Weak-Constraint Inverse Modeling
The experimental
Schemeresults of studying the effect of a fine-scale layered structure of a stably stratified atmospheric

boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
1
1
T. Chai
, A.detonation
Stein2, F. Ngan
min) by an
artificial
source are presented. The vertical profiles of wind velocity fluctuations in the
1
University
of
Maryland,
MD
USA using the wave forms and travel times of the recorded arrivals of
thin layers of the ABL have been retrieved
2
NOAA/OAR/Air
Resources
Laboratory
(ARL),ofMD,
USA of pulse signals in a stably stratified ABL is
pulses from the source. It is shown that the mechanism
scattering
similar toContact:
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
tfchai@gmail.com
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
It is well
knownthethat
weak-constraint
variational
assimilation
(4D-Var) performs
betteristhan
its stronghere place
dimensionless
thickness
of the data
reflecting
nonhomogeneous
layers, which
the vertical
scale of
constraint
counterpart
by including
model uncertainty
in the cost
function.
However,
model uncertainties
the layer
multiplied
by the relative
difference terms
in effective
sound
velocity
and normalized
by the vertical
have been
rarely considered
inverse
modeling applications.
In this
study, a simple
inverse
wavelength.
The effect in
of the
such
inhomogeneities
on the temporal
fluctuations
of theweak-constraint
azimuth and arrival
times of
modeling
scheme
is designed
to includeofmodel
uncertainties
using
NOAAâ™s
Lagrangian
the signals
is studied.
The estimation
the error
in localization
of pulsed
sources isHYSPLIT
given. Acknowledgement:
dispersion
model.
The
Cross Appalachian
Experiment (CAPTEX) data are used in the initial tests so that
This work
was
supported
by RFBR NTracer
18-55-05002
the results can be easily evaluated with the known release sources. In this simple scheme, model uncertainties are
added to the observational covariance matrix. Before the model uncertainty terms are introduced, the inverse
tests T1.1-O4
using concentration
differences
in Through
the cost function
results
severe underestimation while those using
Climate
Change
the Eyes
of inRadioisotopes
logarithm concentration differences in the cost function results in overestimation of the release rate. Adding
1
2
3
5 This weak-constraint
model uncertainty L.
terms
results for
choices
the4, M.
metric
variables.
Terziimproves
, M. Kalinowski
, G.both
Wotawa
, P. of
Saey
Schoeppner
, I. T. Hoffman6
1
HYSPLIT inverse modeling
further tested
the Fukushima
nuclear accident case. In the tests, the
Belgian system
NuclearisResearch
Centerwith
(SCK•CEN),
Mol, Belgium
2
daily average cesium-137
airPreparatory
concentration
measurements
around
the globe are used to estimate the release of
CTBTO
Commission,
Vienna,
Austria
3
the radionuclide. The
resultsInstitution
are then compared
with the
using a(ZAMG),
strong-constraint
HYSPLIT inverse
Central
for Meteorology
andresults
Geodynamics
Vienna, Austria
modeling system. 4 TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada

T3.5-P65 Spectral
Region-of-Interest
Methods Used in Net Count Calculations
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

M. Cooper,
J. Ely,beryllium-7
J. C. Hayes,
D.sodium-22
Keller, M.are
Mayer
Cosmogenic
radionuclides
and
known atmospheric tracers and can be used together
Pacific
Northwest
National
Laboratory,
Richland,
WA,based
USA on surface measurements. This technique
in a lock-in technique to effectively trace vertical air masses
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
matthew.cooper@pnnl.gov
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
Theretropopause
are multiple
approaches
to radioxenon
data analysisAestival
using theepisodes
net count
(NCC) method.
This over
height
due to rising
CO2 concentrations.
of calculation
persistent high-pressure
systems
presentation
the 10-gradients
and 7-regions-of-interest
approaches.
Analysis
radioxenon
data
Europe focuses
with lowonpressure
that led to almost(ROI)
stationary
thunderstorms
areofcorrelated
with
thefrom
observed
the Xenon
International,
a new system
developed This
by Pacific
Northwest
in partnership
with for
deceleration
of atmospheric
cell movement.
demonstrates
thatNational
7Be andLaboratory
22Na can be
used as indicators
Teledyne
Brown several
Engineering,
uses the
whereas
the Swedish
Unit in
forseasonal
Noble gas
confirming
side effects
of 7-ROI
climateapproach,
change while
providing
a new Automatic
modelling tool
weather
Acquisition
forecast.uses the 10-ROI approach. The similarities and differences between the two approaches will be
presented, along with considerations for improvements and standardization for software sustainability.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T3.5-P67 Stack Data Processing Pipeline

P. Brown, N. Gi
1
1
2
2
University
of Western
Ontario,
M. Auer
, S. Hellman
, J. Friese
, B.London,
SchromON,
, T.Canada
Bowyer2, L. Metz2, C. Doll2
1 Instrumental Software Technologies, Inc. (ISTI), Saratogo Springs, NY, USA
Contact: pbrown@uwo.ca
2 Pacific
Northwest National Laboratory, Richland, WA, USA
In this Contact:
study matthiasauer@isti.com
we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
The Source
Term
of ofXenon
(STAX)were
project
is a new
understand
radioxenon
detections.
WeAnalysis
found 206
these bolides
detectable
by ateffort
least to
onebetter
infrasound
stationthe
while
only 42 were
background
in the environment.
project
aims to use
highBulletin
resolution
stack
detector
to measure
the this
automatically
registered as This
part of
the Reviewed
Event
(REB)
issued
dailysystems
by CTBTO.
However,
four IMS
relevant
radioxenons
Xe-133m,from
Xe-133
and Xe-135)
based Mo-99
production
global
REB detection
rate(Xe-131m,
of ~10% averaged
2007-2018
is lessfrom
than fission
the "modern"
rate (from
2014-2018)
facilities.
data pipeline
of the
raw threshold,
data to the
analysis
of the are
datareported
at a in
whichThe
approaches
20%. from
Abovethe
thecollection
1 kT CTBTO
design
weautomatic
find that 40%
of airbursts
centralized
datawhile
repository
involves
steps. Some
of these
steps
include data
conversion
to a standardized
the REB,
more than
90%many
are detectable
at one
or more
infrasound
stations.
All airbursts
with energy > 2
format,
data
encryption,
data
receiving
and detected
parsing, and
automated However,
spectral analysis.
The
kTsecure
reported
ontransmission,
the JPL fireball
site since
2007
have been
infrasonically.
the REB
is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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overall
data pipeline
will be described,
as well by
as athe
graphical
user interface
for the
basicexplosion
viewing of
stack release
emission
of antineutrinos
is unaffected
environment
in which
occurred.
The
The
data.
antineutrinos signal spreads long distances from the location of the detonation through different environments.
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino sensors into the International Monitoring System could help to unequivocally detect
nuclear
weaponStudy
tests. of Variants for Seismic Data Pre-Processing Which Are Not Leading
T3.5-P68

to Significant Losses of Information that May Be Needed

T3.1-O4

1

2

K. Kislov , V.the
Gravirov
Exploiting
Tailorable Nanoporosity of Metal-Organic Frameworks for
1
Institute of Earthquake Prediction Theory and Mathematical Geophysics of the Russian
In-Situ
Identification
of Radioisotopes
Academy of Science (IEPT RAS), Moscow, Russian Federation

2
Schmidt
Institute
Physics
of the Earth
of theJ.Russian
Academy of Sciences (IPE RAS),
M.D.
Allendorf,
P.ofDoty,
T. Wang,
A. Benin,
Greathouse
Moscow,
Russian
FederationAlbuquerque, NM, USA
Sandia
National
Laboratories,
Contact:mdallen@sandia.gov
kvkislov@yandex.ru
Contact:

Seismic dataxenon
processing
are constantly
beingunderground
improved. nuclear
Most algorithms
preliminary
Radioactive
isotopesalgorithms
are signatures
of clandestine
tests. Theirdemands
low concentrations
processing.
this processing
either
very simple,
frequency
highly
specialized
for
remote
from Typically,
the event require
collectionis and
separation
from such
largeas
quantities
of filtering,
air using or
porous
carbon
sorbents.
highlighting
specific
features
of
the
signal
and
can
not
be
used
with
other
post-processing
algorithms.
We
are
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
considering
solutionsconcerning
which are the
not time,
leading
to significant
losses
of information
may beinneeded.
Thecan
basic
samples,
information
location,
abundance
of specific
isotopesthat
produced
the event
be
purposes
of
the
preprocessing
are
the
reduction
of
noise,
elimination
of
obvious
noise
(mostly
of
anthropogenic
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
origin) and
decrease
the dimensionality
of by
thebeta-gamma
data, i.e., thecoincidence
removal ofintheir
redundancy.
a post-processing
describe
in-situ
radioisotope
identification
a portable
systemAsenabled
by Metalwe intend
using neural
networks
one or
anotherclass
architecture,
it surface
does not
exclude
possibility
of
Organic
Frameworks
(MOFs),
a new,ofhighly
tailorable
of sorbentsbut
with
areas
as higha as
7000 m2/g.
application
of aother
algorithms.
In our work
are considered
and
MOFs
possess
combination
of properties
uniquewe
among
nanoporous Wavelet
materials.transform,
First, their Autoencoder,
ultrahigh surface
Compressive
preprocessing.
areas
facilitateSampling
selectiveasadsorption
of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
xenon
isotopesSVM
virtually
in real time when
used in a novel
detection
we designed.
T3.5-P69
Classification
of Explosions
andhigh-pressure
Earthquakes
Usingsystem
Seismic
FeaturesOur
MOF-enabled detection concept could dramatically improve the reliability, timeliness, and information content
Masihi
of systems usedA.for
CTBT verification.
Parsian Seismoghraph Company, Tehran, Iran
Contact: masihi.ali@gmail.com
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High Sensitive Xe Measurements

T3.1-O6

J. Nyago, I. Tumwikirize
Geological
Survey andArgon-37
Mines Department,
Kampala, Uganda
High
Throughput
Field System

Among methods for big data exploration, machine learning is becoming more reliable solution in decision
making systems
figure out trends in data or testing new models and algorithms on specific data sets. Support
Y. and
Popov
vector machine
is aLLC,
supervised
learningRussian
methodFederation
in classification and regression analysis. This research was
Lares
St. Petersburg,
conducted to evaluate the application of support vector machine (SVM) classifier on classification of explosions
Contact: yurys_popov@mail.ru
and earthquakes from recorded seismic signals. The dataset used to train the model comprised of 500
earthquakes and
40 Xe133
explosion
which occurred
of Rudbar
Lorestan
dam
in the
time span Due
of 4 years.
Unfortunately
only
is usually
detectedininthe
theregion
air samples
on IMS
Noble
Gas
installations.
to its
These
data
was
randomly
divided
to
two
sections;
the
training
section
with
75%,
and
the
testing
section
the
relatively higher concentration in comparison with metastable xenon isotopes. The metastable with
xenon
25%
of
total
number
of
events.
The
features
used
as
predictors
were
time
domain,
frequency
spectrum,
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
magnitude,The
depth,
andmethod
STA/LTA
each
records.
indicated
SVM successfully
learned
the
distances.
newlength
proposed
usesofXe
samples
of The
largeresults
volume
for eachthat
measurement
(>100 ccm
of pure
-5
3
relationship
between
the
inputs
and
outputs,
and
classified
the
output
classes
of
explosions
and
earthquakes.
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10 Bq/m . We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
presentation
design of
the sample preparation
unit,Capability
the beta-gamma
spectrometer
suitable
big sample
T3.5-P70 theTesting
IMS/CTBT
Verification
Using
July 2013
Lakefor
Albert
measurement together
with
the
first
achieved
practical
results
will
be
presented.
Seismic Activity in Western Rift, Uganda

Contact: jnyago@gmail.com;joseph_nyago@yahoo.com
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
Stephenson,
Suarez,
G. Whyatt
Lake Albert isD.located
at the R.
western
border
of Uganda with the Democratic Republic of Congo. The lake is
Pacific
Northwest
National
Laboratory,
WA,Rift
USASystem (EARS). The western branch of
bounded by active faults of the western branch of the Richland,
East African
the EARS is very
seismically
active on the African Continent. On 2nd, 3rd and 4th July 2013, the Albertin Lake
Contact:
jc.hayes@pnnl.gov
region was hit by moderate earthquake activity. The seismic events were recorded by the International
Monitoring
Stations the
(IMS)
Commission
of the Comprehensive
Treaty
PNNL
is exploring
use of
of the
37ArPreparatory
for detecting
nuclear explosion,
including for Nuclear-Test-Ban
use in the International
Organization
(CTBTO).
datathroughput
from the IMS
network
in the region system
were used
study theat seismic
Monitoring
System
(IMS).The
A high
37Arstation
separation
and measurement
was to
developed
events and
advise National
the Government
and (PNNL)
the publictoindetect
Uganda.
National
Data Centre
(NDC180)
efforts
in the
Pacific
Northwest
Laboratory
37ArOur
activity
generated
from an
underground
nuclear
analysis ofArgon-37
the seismic
demonstrates
readinesswhen
of CTBTO/IMS
infrastructure
towardsinentry
into
explosion.
is activity
an activation
productthe
generated
neutrons interact
with calcium
the soil
force of Comprehensive
Nuclear-Test-Ban
Treaty
Theargon
seismic
activity onand
a known
active
zonetheis
surrounding
an underground
nuclear explosion.
As a(CTBT).
noble gas,
is unreactive
migrates
through
therefore
useful
testing into
the IMS/CTBT
verification
earth
and can
be in
released
the atmosphere
with thecapability.
radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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The Atmospheric
Application ofBoundary
Multi-Criteria
Methodfor
in Modeling
Discrimination
of
Propagation
andfrom
Scattering
in the Atmosphere
Nuclear
Explosions
Earthquakes
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
Z. Liu
Obukhov
Institute
of Atmospheric
Physics,
Russian Laboratory,
Academy of Science,
CTBT1 A.M.
Beijing
National
Data Center
and Beijing
Radionuclide
China Moscow, Russian
Federation
Contact:
liu.zhehan@ndc.org.cn
2
Barva Innovation Center, Talin, Armenia
Doubtful earthquakeContact:
events in
Standard Screened Event Bulletins of the International Data Center are focus
igor.chunchuzov@gmail.com
events to every states signatories. The complexity of waveform, spectral ratio, and composite ratio were selected
experimental
of studying
the effect
of a fine-scale
structure
of a stably
atmospheric
as theThe
three
criteria forresults
discrimination
of nuclear
explosions
from layered
earthquakes.
A method
has stratified
been developed
layer between
(ABL) on
of the parameters
of of
acoustic
pulses generated
with a certain
period (1
usingboundary
the difference
thefluctuations
focal mechanisms
and the study
multi-criteria
synthetic methods.
The three
min)
an artificial synthetic
detonation
sourcewere
are presented.
Thenuclear
verticalexplosions
profiles ofand
wind
criteria
andbymulti-criteria
method
applied to six
fivevelocity
natural fluctuations
earthquakes,in the
layers of
the ABL have
beentest
retrieved
waveThe
forms
andof
travel
times ofindicated
the recorded
arrivals of
whichthin
happened
in Punggye-ri
nuclear
site of using
Norththe
Korea.
results
application
that multipulses
from method
the source.
It is
that the
mechanism
scattering
pulseif signals
stably stratified
is
criteria
synthetic
came
toshown
an accurate
conclusion
forofthese
events,ofeven
one of in
thea criteria
providedABL
a
to the
mechanism
of scattering
of signals
from ground
surface
explosions by layered nonhomogeneities
wrongsimilar
decision,
which
verified the
effectiveness
of multi-criteria
synthetic
method.
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layerThe
multiplied
by theofrelative
differenceComparison
in effective sound
velocity and
normalizedofbyIDC
the vertical
T3.5-P72
Challenge
Quantitative
and Quality
Assessment
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
Waveform Bulletins
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This workA.was
supported
by RFBR N 18-55-05002
Ansari,
E. Moradian
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran
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Climate Change Through the Eyes of Radioisotopes

The issue of comparing different
catalogs and identifying identical events in the waveform catalogs is of great
Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
importance. In the L.
1context of CTBT, this issue is important in several situations. Firstly, in assessment the
Nuclear(REB)
Research
(SCK•CEN),
Belgium
quality of Reviewed2 Belgian
Event Bulletin
andCenter
automatic
waveformMol,
products
of IDC versus different baseline
CTBTO
Preparatory
Commission,
Vienna,
Austria
catalogs. Secondly, 3 in comparison the results of National Data Centers (NDCs) with IDC and evaluating the
Central
Institution
and Geodynamics
(ZAMG),
Vienna, Austria
degree of consistency
of these
results for
to Meteorology
each other. Thirdly,
in evaluating
performance
of new analyzing
4
TU
Wien
Atominstitut,
Vienna,
Austria
algorithms, like NetVISA,
in
comparison
with
national
seismic
catalogs,
as
baseline
catalogs.
In all of these
5
University
of Natural
Resources
and Applied
Life Sciences
(BOKU), Vienna,
Austriait is not
cases, it is very important
to
use
one
unified
procedure
as
a
unique
basis
of
comparison,
otherwise,
6
Health
Canada,
Radiation
Protection
Bureau,
Ottawa,
ON,
Canada
logical to compare results of different studies. So far, different criteria have been used by different researchers to
identify identical events
in different
catalogs. Diversity of these criteria indicates diversity of results and notices
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
the caution for judgment amount the results of different studies. In this paper, it is intended to propose a unified
Cosmogenic
radionuclides
beryllium-7
and sodium-22
known to
atmospheric
tracersofand
can be
together
method
of comparison
among different
catalogs.
It is alsoare
intended
use magnitude
events,
as used
another
in a lock-in
technique
to effectively
trace vertical
air masses
based
on surface measurements. This technique
parameter
of comparison,
in the
process of evaluating
quality
of different
catalogs.
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
T3.5-P73
Thelow
Identification
andthat
Determination
of Small
Peaks andarethe
False Positive
Europe with
pressure gradients
led to almost stationary
thunderstorms
correlated
with the observed
Alarm
in
RN
Particulate
Spectra
Analysis
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
J. Wang
forecast.
CTBTO Preparatory Commission, Vienna, Austria
Contact: Jun.wang.idc@ctbto.org;jun.wang@nrl.org.cn
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of the
forsoftware
Bolides
The peak
detection Detection
criteria (D) isEfficiency
defined in IDC
RN IMS
analysis
SAINT to identify peaks in spectra. If D
>= 1.0 peaks are confirmed and if D < 1.0 peaks not confirmed. Many peaks with D around 1 in RN particulate
P. Brown, N. Gi
spectra make the spectra analysis and nuclide associations very difficult. Cases of peaks identification with D
University of Western Ontario, London, ON, Canada
around 1 may result in missing nuclide detections or false positive nuclide detections. In this paper some cases of
spectra analysis andContact:
laboratorypbrown@uwo.ca
reanalysis are summarized.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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The emission of antineutrinos is unaffected by the environment in which the explosion occurred. The
T3.5-P74 The Iterative Processing Framework: A New Paradigm for Automatic Event
antineutrinos signal spreads long distances from the location of the detonation through different environments.
We propose toBuilding
build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
introduction of antineutrino
sensors into the International Monitoring System could help to unequivocally detect
R. Tibi1, A. Encarnacao1, S. Ballard2, C. Young1, R. Brogan3
nuclear weapon1 tests.
Sandia National Laboratories, Albuquerque, NM, USA
2
(Retired) Sandia National Laboratories, Albuquerque, NM, USA
3
ENSCO, Inc., Fall Church, VA, USA
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Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
Contact: rtibi@sandia.gov;rigobert.tibi@yahoo.com
In-Situ Identification of Radioisotopes

In a traditional data processing pipeline, the signal associator links the detections to the fitting event hypotheses
M.D.
Allendorf,
Doty, of
T. Wang,
A. Benin,
J. Greathouse
to generate an
event
bulletin.P.Most
the time,
this traditional
pipeline requires heavy human analyst
Sandia
National
Laboratories,
Albuquerque,
NM,
involvement to improve the quality of the resulting event USA
bulletin. We propose an Iterative Processing
Framework (IPF)
that incorporates
automatic analyst behaviors (Auto Analyst) into the event building pipeline.
Contact:
mdallen@sandia.gov
In the proposed framework, Auto Analyst takes over many of the tasks traditionally performed by human
Radioactive
xenon
isotopes
signatures
clandestine
underground
nuclear
tests. event
Their hypotheses
low concentrations
analysts. These
tasks
includearesearching
forofexpected
signal
detections for
validated
at lower
remote
from
the
event
require
collection
and
separation
from
large
quantities
of
air
using
porous
sorbents.
thresholds, in optimized detection bands that are informed by historical data; validating andcarbon
refining
signal
Unfortunately,
to their short
half-lives,
large dilution
the long times
remotely
acquire
detections by due
performing
multiple
f-k analyses
with factors,
varyingandparameters;
andrequired
locatingto events
based
on
samples,
information
concerning
thesingle
time, location,
abundance
specific
isotopes
produced
in the event
can be
unassociated
signal detections
from
array stations.
To testofthe
proposed
pipeline,
we processed
a two-week
lost.
Consequently,
needed that
enable
much
isotope with
identification.
will
period
(May 01-14,detection
2010) ofstrategies
the signalaredetections
dataset
from
the more
IDC. rapid
Comparison
an expert We
analystdescribe
radioisotope
identification
by beta-gamma
a portable
system
bypipeline
Metalreviewedin-situ
ground
truth bulletin
for the same
time period coincidence
suggests thatinIPF
performs
betterenabled
than the
Organic
a new,
tailorable
classbuilt
of sorbents
as high as 7000 events
m2/g.
currentlyFrameworks
in use at the(MOFs),
IDC. Most
of highly
the additional
events
by the with
Autosurface
Analystareas
are low-magnitude
MOFs
possess
combination
of properties
among nanoporous materials. First, their ultrahigh surface
that evaded
the atraditional
pipelines
of event unique
building.
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction relationships governing MOF gas uptake enable rational design of materials optimized for specific
applications (e.g., to selectively adsorb Xe). We demonstrate that MOFs enable the identification of radioactive
T3.5-P75 The Stax Project. A New Data Source to Aid in Treaty Monitoring
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
MOF-enabled detection
could
improve the reliability, timeliness, and information content
J. Friese, concept
J. Burnett,
T. dramatically
Bowyer, L. Metz
of systems usedPacific
for CTBT
verification.
Northwest
National Laboratory, Richland, WA, USA
Contact: judah.friese@pnnl.gov

T3.1-O5
HighAnalysis
Sensitive
Xe Measurements
The Source Term
of Xenon
(STAX) project is a new effort to better understand the radioxenon

background in the environment. The project aims to deploy new high-resolution stack detector systems at
Popov release radioxenon, such as fission based medical isotope production facilities. As
facilities that Y.
routinely
Lares
LLC,
St. Petersburg,
Russian Federation
radioxenon is detected
every
day in the International
Monitoring System (IMS), the ability to directly measure
the releases from
theseyurys_popov@mail.ru
civilian sources contributing to the background could greatly aid in attributing IMS
Contact:
detections. In conjunction with atmospheric transport modeling (ATM), this new STAX data could be used by
Unfortunately
onlyscientists
Xe133 istousually
detected in the
theworldwide
air samplesradioxenon
on IMS Noble
Gas installations.
to its
treaty monitoring
better understand
background
that the IMSDue
routinely
relatively
higher
concentration
metastable
isotopes.
The metastable
xenon
detects. This
presentation
will giveinancomparison
overview of with
the STAX
project,xenon
including
status, detector
technology,
and
concentrations
are a few
orders
of magnitiude
data security methods
that
are being
developed.lower and it is therefore only possible to detect them within short
distances. The new proposed method uses Xe samples of large volume for each measurement (>100 ccm of pure
Xe) resulting in MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
T3.5-P76 The Wind Influence to the Detection Ability of Permanent and Mobile
oxygen and nitrogen production from atmospheric air at different types of air separation plants. During the
Infrasound
in Mongolia
presentation the
design of theStations
sample preparation
unit, the beta-gamma spectrometer suitable for big sample
measurement together with the first achieved practical results will be presented.
B. Chimedtseren, T. Lkhagva, T. Ganbat
Institute of Astronomy and Geophysics, Mongolian Academy of Science, Ulaanbaatar, Mongolia
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Contact: bayarsaikhan@iag.ac.mn;bayarsaikhan@rcag.ac.mn;saikhan13@yahoo.com
High
Throughput Argon-37 Field System

The theory of the infrasound wave propagation states that the acoustic waves of infrasound sources, related with
J. C. Hayes, K. Silvers, C. Aalseth, T. Alexander, H. Back, M. Foxe, L. Lidey, J. Mendez,
wind and temperature conditions, can be detected in between distance 200 km & 250 km (McKenna, 2005;
D. Stephenson, R. Suarez, G. Whyatt
Golden et al., 2007). From our seasonal observations (winter and summer monitoring) and research studies, we
Pacific Northwest National Laboratory, Richland, WA, USA
want to understand why some seismo-acoustic waves are detected inside a zone of silence (which is located in a
Contact:
distance inferior
to 200jc.hayes@pnnl.gov
kilometers from the source), and to understand the influence of seasons. Our research
study’s purpose is to determine the level of detection of infrasound waves in the north hemisphere at distance of
PNNL
exploring
the use
of 37Ar
detecting continental
nuclear explosion,
including
for the
use Mongolian
in the International
250 kmisfrom
the source.
Because
of itsfor
topography,
localization
and height,
country is
Monitoring
System
(IMS).
A
high
throughput
37Ar
separation
and
measurement
system
was
at then to
very windy. Therefore, the goal of our study is to reduce the wind noise detected in the arraydeveloped
station and
Pacific
Northwest
National
Laboratory
(PNNL)
to
detect
37Ar
activity
generated
from
an
underground
nuclear
increase the detection level of the infrasound stations. In the context of the above study, we will determine
the
explosion.
Argon-37
is
an
activation
product
generated
when
neutrons
interact
with
calcium
in
the
soil
noise level by spectrum analysis of the mobile barometer without any filters on two different sites: nearby
surrounding
an underground
explosion. As a noble gas, argon is unreactive and migrates through the
infrasound array
station and innuclear
a forest.
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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T1.1-O3
Atmospheric
Boundaryfor
Layer
as aProcessing
Laboratory
for Modeling
T3.5-P77
Toward
Reliable Certainty
Seismic
Tasks
with DeepInfrasound
Learning
Propagation and Scattering in the Atmosphere

L. Linville, N. Downey, C. Young
1
1
1
1
2
2
Chunchuzov
, S. Kulichkov
, V. Perepelkin
SandiaI.National
Laboratories,
Albuquerque,
NM, USA , O. Popov , A. Vardanyan , G. Ayvazyan
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:Federation
llinvil@sandia.gov
2
Innovation
Center, Talin,
Armenia
Machine learning is a Barva
powerful
way to accomplish
a variety
of seismic processing tasks, outperforming state-ofthe-art for many traditional
discrimination
techniques in terms of broad applicability and performance. However,
Contact:
igor.chunchuzov@gmail.com
self-reported certainty from learned models can be unreliable, especially for data with characteristics outside of
experimental
results
of studying
fine-scale
layered
of aexperiment
stably stratified
trainingThe
distributions.
While
these
cases canthebeeffect
rare, of
or ago
unnoticed
duringstructure
controlled
set-upatmospheric
and
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain period
(1
testing, real-world situations, production settings, and monitoring objectives require reliable estimates
of
min)
an artificial
detonation
are presented.
profiles of wind
velocitylimitations
fluctuations
certainty
forbydecision
making.
In this source
work, the
goal is to The
focusvertical
on understanding
the current
of in the
thinfrom
layers
of theoutput
ABL on
have
been retrieved
wave forms task
and travel
times convolutional
of the recorded
arrivals of
certainty
model
a simple
seismic using
event the
discrimination
using deep
model
pulses from
It is shown
mechanism
of pulse signals
in aimprove
stably stratified
architectures.
Withthe
ansource.
understanding
of that
the the
limitations
on of
ourscattering
current methods,
can we
upon theABL is
similar toofthea mechanism
of scattering
ofthrough
signals from
ground surfacemodel
explosions
by layered
nonhomogeneities
trustworthiness
model’s reported
certainty
data augmentation,
adaptations,
or external
trust
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
metrics?
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
T3.5-P78
Towards Automatic Noble Gas Data Processing at the Canadian NDC
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work
wasM.
supported
RFBR NK.
18-55-05002
J. Yi,
Bean, I.by
Hoffman,
Ungar
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: jing.yi@canada.ca
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Climate Change Through the Eyes of Radioisotopes

With the maturation of noble1 gas monitoring2 technology and
the widespread
deployment
of this technology
3
4
5
6
L. TerziMonitoring
, M. Kalinowski
, (IMS),
G. Wotawa
, P. SaeyNDC
, M.receives
Schoeppner
, I.number
T. Hoffman
throughout the International
System
the
Canadian
a
large
of noble gas
1
Belgian
Nuclear
Center (SCK•CEN),
Mol, Belgium
spectra daily. The ability
to analyse
thisResearch
data accurately
and timely becomes
more important for the verification
2
CTBTO
Preparatory
Commission,
Vienna,
Austria
mission as noble gas
emissions
from
recent
Democratic
People’s
Republic
of Korea nuclear tests has
3
Centralpipeline
Institution
for
Meteorology
and Geodynamics
(ZAMG),gamma
Vienna,
Austria
demonstrated. An automatic
has
been
set
up
to
process
the
high
resolution
spectra
from Spalax
4
TU
Wien
Atominstitut,
Vienna,
Austria
systems. Two years 5historic data collected in Ottawa have been processed by the pipeline, and the results are
University
of Natural
Resources
and Applied
Vienna,
compared with the 6reviewed
Aatami
results.
The feasibility
of Life
this Sciences
pipeline (BOKU),
is analysed
and Austria
discussed. A
Health
Canada,
Radiation
Protection
Bureau,
Ottawa,
ON,
Canada
spectrum fitting tool for automatic Beta-Gamma coincident spectrum processing will be presented and the
particular advantagesContact:
of this approach
described.
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
T3.5-P79
Towards Real-Time Association of Infrasound Events Using Full-Wave
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summerModeling
period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height 1due to rising
CO2 concentrations. Aestival episodes of persistent high-pressure systems over
M. Bertin , C. Millet2, J. Vergoz2
Europe 1with
low
pressure
gradients
led to almost stationary thunderstorms are correlated with the observed
CEA, DRF, Gif-sur-Yvette, that
France
deceleration
of
atmospheric
cell
movement.
that 7Be (CEA),
and 22Na
can be used as indicators for
2
Commissariat à l’énergie atomique This
et auxdemonstrates
énergies alternatives
France
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.Contact: mikl.bertin@gmail.com

One important limitation of infrasound technology is due to the uncertainties that are associated to any available
atmospheric specifications. While these uncertainties should be implemented in operational products, the
T1.1-O5
Detection
Efficiencyrequires
of thea IMS
for Bolides
problem
of calculating
plausible waveforms
high CPU
load that exceeds available resources. For this
reason, the current association procedure neglects some important physical aspects of wave propagation, which
P. Brown, N. Gi
leads both to high false alarm rates and uncomplete events. The latter often occurs when a candidate event
University of Western Ontario, London, ON, Canada
sufficiently close to a true event is lacking. In this work, we present a new statistical model for analyzing and
interpreting the dataContact:
from thepbrown@uwo.ca
International Monitoring System. The method is based on Bayesian inference
using a parallel Markov chain Monte Carlo algorithm and a computationally efficient full-wave propagation
studyprovides
we examined
344 bolides
(airbursts)
reported
on the atmosphere
JPL CNEOS
model.InThethis
method
simulation-based
probabilities
of detection
in a random
and canwebsite
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
with
infrasound
associate detections when multiple, interacting events are present in the data along with both sources of coherent
detections.
We
found
206
of
these
bolides
were
detectable
by
at
least
one
infrasound
station
while
only
and incoherent noise. In turns, the posterior probability of no association can be estimated, thereby providing 42
a were
automatically
registered
as
part
of
the
Reviewed
Event
Bulletin
(REB)
issued
daily
by
CTBTO.
However,
way to reduce the false alarm rate in operational-like environments such as that encountered by the International this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Data Center.
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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emission Using
of antineutrinos
unaffected
by the environment
in which
the explosion occurred. The
The
T3.5-P80
Spectral isRatios
to Discriminate
Between
Low-Magnitude
antineutrinos signal
spreads longExplosions
distances from
the Mining
location of
the detonation
through different environments.
Earthquakes,
and
Events
in Canada
We propose to build a 1 km3 detector at the South Pole for the purpose of detecting nuclear tests. The
Kolaj, N. sensors
Ackerley,
McCormack,
Adams System could help to unequivocally detect
introduction ofM.
antineutrino
intoD.the
InternationalJ.Monitoring
National Data Centre; Canadian Hazards Information Service, Geological Survey of
nuclear weaponCanadian
tests.
Canada (GSC), Ottawa, ON, Canada
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Contact: michal.kolaj@canada.ca

Exploiting the Tailorable Nanoporosity of Metal-Organic Frameworks for
Many regions in Canada contain a mixture of natural seismicity of variable depth, low-magnitude explosions
In-Situ Identification of Radioisotopes
(arising from construction and/or mining activity) and mining induced events. Their correct classification is

critical for seismic
monitoringP. and
anthropogenic
events do not inflate seismic hazard
M.D. Allendorf,
Doty,for
T. ensuring
Wang, A.that
Benin,
J. Greathouse
calculations. Recently,
local- toLaboratories,
regional-spectral
ratio discriminants
Sandia National
Albuquerque,
NM, USA across multiple phases and frequency bands
have successfully been used in Canada to improve the accuracy and efficiency of event screening, particularly at
Contact:
mdallen@sandia.gov
low magnitudes
(M < 3)
where other explosion discriminants often fail. This work will present results from
several
case
studies
where
ratio discriminants
haveunderground
been used with
varying
of success.
In a test
Radioactive xenon isotopesspectral
are signatures
of clandestine
nuclear
tests.degrees
Their low
concentrations
study
in
the
New
Brunswick,
Canada,
both
high-frequency
Pg/Lg
and
low-frequency
Lg/Rg
spectral
ratios
remote from the event require collection and separation from large quantities of air using porous carbon sorbents.
consistently
discriminated
between
small
(M
<
2)
blasts
and
earthquakes.
In
the
mining-rich
district
of
Sudbury,
Unfortunately, due to their short half-lives, large dilution factors, and the long times required to remotely acquire
Canada, information
successful discrimination
roughly 80
% of a isotopes
test sample
of M2intotheM3
blasts
samples,
concerning thewas
time,possible
location,forabundance
of specific
produced
event
canand
be
rockbursts.
However,
no
single
spectral
ratio
consistently
provided
adequate
discrimination,
and
optimal
spectral
lost. Consequently, detection strategies are needed that enable much more rapid isotope identification. We will
ratios needed
be calculated/tuned
for particular
stations. Preliminary
from other
regions
in Canada
will
describe
in-situtoradioisotope
identification
by beta-gamma
coincidence results
in a portable
system
enabled
by Metalalso be presented.
Organic
Frameworks (MOFs), a new, highly tailorable class of sorbents with surface areas as high as 7000 m2/g.
MOFs possess a combination of properties unique among nanoporous materials. First, their ultrahigh surface
areas facilitate selective adsorption of weakly interacting gases such as xenon. Second, established structurefunction
relationships
governing
MOF
gasApplication
uptake enableofrational
of materials
for specific
T3.5-P81
Weather
Support
and
ATMdesign
During
an OSI:optimized
Development
applications (e.g.,
to
selectively
adsorb
Xe).
We
demonstrate
that
MOFs
enable
the
identification
of
radioactive
Perspectives
xenon isotopes virtually in real time when used in a novel high-pressure detection system we designed. Our
1
1
1
1
2
X. Blanchard
, P.could
Bourgouin
, J. Kusmierczyk-Michulec
Riedmann
Schoeppner
MOF-enabled detection
concept
dramatically
improve the reliability,, R.
timeliness,
and, M.
information
content
1
Preparatory
Commission, Vienna, Austria
of systems used CTBTO
for CTBT
verification.
2
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
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Contact: xavier.blanchard@ctbto.org

High Sensitive Xe Measurements

As part of the current 4 year Action Plan (2016-2019) to develop on-site inspection (OSI) capabilities, the OSI
and IDC Divisions
of the CTBTO conducted a feasibility study to define the needs and applications of
Y. Popov
atmospheric transport
modelling
for use during
phases of an inspection. This poster presents the key findings
Lares LLC,
St. Petersburg,
RussianallFederation
for AP Project "ATM for an on-site inspection" and the work tasks recommended to develop the required
Contact: yurys_popov@mail.ru
capabilities for a timely and efficient support of the inspection team, in areas of health and safety, mission
planning and interpretation
of usually
inspection
data collected.
Unfortunately
only Xe133 is
detected
in the air samples on IMS Noble Gas installations. Due to its
relatively higher concentration in comparison with metastable xenon isotopes. The metastable xenon
concentrations are a few orders of magnitiude lower and it is therefore only possible to detect them within short
distances.
The When
new proposed
method
uses Xe samples
of large volume
for each measurement
(>100 ccmEvent
of pure
T3.5-P82
Can the
Combination
of Seismic
and Infrasound
Data Improve
Xe) resulting inLocation?
MDCs for Xe131m, Xe133, Xe133m and Xe135 in every sample of less than 10-5 Bq/m3. We
developed a system to purify the Xe sample from a Xe-Kr mixture which is accumulated as a by-product during
oxygen and nitrogen
production
from atmospheric air at different types of air separation plants. During the
S. Arrowsmith,
J. Park
presentation the
design
of
the
sample
preparation
unit, the
spectrometer suitable for big sample
Southern Methodist University,
McKinney,
TX, beta-gamma
USA
measurement together with the first achieved practical results will be presented.
Contact: sarrowsmith@smu.edu
Events near the boundary between the solid earth and atmosphere, such as the recent DPRK nuclear tests,

generate both High
seismicThroughput
and infrasoundArgon-37
observations.
This System
presentation explores the combined use of seismic and
T3.1-O6
Field

infrasound observations for joint localization of events based on a Bayesian framework. We explore the value of
J. C.
Hayes,
K. Silvers,in
C.terms
Aalseth,
T. precision
Alexander,
M. Foxe,
L. location
Lidey, J.and
Mendez,
combining both
types
of observation
of the
of H.
theBack,
subsequent
event
origin time
D. relative
Stephenson,
Suarez, using
G. Whyatt
that is possible,
to theR.precision
seismic or infrasound data alone. We use ground truth data that
Pacific
Northwest
National
Laboratory,
Richland,
WA, USA
include repeated
sources
with regular
basis
in time such
as mining
activities and surface explosions. Using a
combination of
real
and
synthetic
data,
we
explore
when
combining
the two types of observation can improve
Contact: jc.hayes@pnnl.gov
the precision as a function of the numbers and distributions of stations, and of the spatial scale (local, regional, or
PNNL
exploring
the use of
for detecting
nuclear explosion,
including
for use inas the
global).isThis
work highlights
the37Ar
importance
a priori estimates
of uncertainty
in observations
wellInternational
as models.
Monitoring System (IMS). A high throughput 37Ar separation and measurement system was developed at
Pacific Northwest National Laboratory (PNNL) to detect 37Ar activity generated from an underground nuclear
explosion. Argon-37 is an activation product generated when neutrons interact with calcium in the soil
surrounding an underground nuclear explosion. As a noble gas, argon is unreactive and migrates through the
earth and can be released into the atmosphere with the radioxenon fission gases that are also produced during a
nuclear explosion. Detection of 37Ar can be a confirmatory measurement for a nuclear test, and when combined
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for Modeling
T3.5-P83
Application
of Nonlinear
Echo
StateasNetwork
(Machine
Learning)Infrasound
in Daily
Propagation
and
Scattering
in
the
Atmosphere
Streamflow Forecasting
1
I. Chunchuzov
, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
S. Bahrami,
P. Wigand
1
A.M.
Institute
University
of Obukhov
Nevada, NV,
USA of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
2
Contact:
bahramisepid@gmail.com;sbahrami@unr.edu
Barva
Innovation Center, Talin, Armenia

Contact:challenges
igor.chunchuzov@gmail.com
The number of water-related
are expected to increase in the future. They can differ from the impact of
floods, droughts, glacier dynamics and economic to population growth, etc. To tackle these challenges,
The experimental
results
of studying
the effect
a fine-scale
layered structure
a stably stratified
atmospheric
hydrological
models have
developed
to explore
the of
solutions
for sustainable
water of
management.
Streamflow
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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P. Brown, N. Gi
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Theme 2: Events and Nuclear Test Sites
of the available literature we have developed 3D realistic models of the underground structure after an UNE. The
most general model consists of cavity, chimney with apical void, crushed zone, fractured zone, environment and
free surface. We performed extensive numerical modeling of seismic wave fields due to plane-wave excitation
(representing regional and distant events), near point double-couple sources (representing aftershocks) and
seismic ambient noise. We then comprehensively analyzed the simulated wave fields in the time, frequency and
time-frequency domains. In a seismic wave field due to a distant source it was possible to identify and locate
cavity. A seismic wave field generated by an aftershock was much more difficult to interpret in terms of the
cavity presence due to strong effects of a radiation pattern. Analysis of seismic noise makes it possible to
identify cavity at least for relatively shallow cavities.

T2.1-O4

Seismic Full Moment Tensor Analysis of Nuclear Explosions in North Korea
C. Alvizuri1, C. Tape2
University of Lausanne, Switzerland
2
University of Alaska Fairbanks, AK, USA
1

Contact: celso.alvizuri@unil.ch
We estimate seismic full moment tensors and their uncertainties for seven events at the North Korea nuclear test
site, consisting of six declared nuclear tests and one event, interpreted as a cavity collapse, that occurred 8
minutes after the declared test. We also analyze two earthquake events that occurred to the south and were
recorded by the same set of stations. We perform a grid search over the six-dimensional space of moment
tensors, generating synthetic waveforms at each moment tensor grid point and then evaluating a misfit function
between the observed and synthetic waveforms. For each moment tensor we characterize its uncertainty in terms
of the variation in waveform misfit on the eigenvalue lune, a probability density function for moment tensor
source type, and a confidence curve for the probability that the true moment tensor lies within the neighborhood
of the best-fitting moment tensor. We find that the moment tensor source types are clearly separated for the six
declared nuclear test events, the collapse event, and the two earthquakes. Moment tensors for the six explosion
events can be represented as a sum of a double couple and a crack tensor whose plane is near horizontal.
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Seismic spectral ratios between the 2017 North Korean nuclear test (NKT2017) and four other Korean tests
conducted in 2009 (NKT2009), 2013 (NKT2013), January, 2016 (NKT2016J) and September, 2016
(NKT2016S) are investigated. All the observed teleseismic P-wave spectral ratios exhibit a unique notch at
approximately 2.5Hz that is not observed for regional P- and Lg-wave spectral ratios. Meanwhile, the networkaveraged Lg-wave spectral ratio is similar to that of regional P-wave, but with the source corner frequencies
significantly reduced. We demonstrated that the observed notch of teleseismic P-wave spectral ratios may be
well modeled by interference between pP- and P-wave, while regional P-wave spectral ratios may be well fitted
with source spectral ratios predicated by classical explosion source models including MM71, DJ91 and their two
hybrids. Results obtained indicate that for NKT2017’s buried depth in the range of 600-1100m, the MM71related models give a yield estimation about 100-300kt for NKT2017, 3-7kt for NKT2019, 6-15kt for NKT2013
and NKT2016J and 10-25kt for NKT2016S, while yield sizes obtained by model DJ91 are much smaller.
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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The SSI calibration module is a tool that extends the Standard Station Interface (SSI) for intuitive execution of
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availability, quality and timeliness while achieving unprecedented levels of cost savings across the organization.
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With the strong mandate to sustain high annual data availability throughout the network in face of harsh
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
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advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
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period. The next-generation
power systems are based on the open system architecture concept, utilizing adhoc selection and substitution of various power sources and power system components derived from the
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
standardization simplifies installation, maintenance and future upgrades as components can be freely
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
interchanged throughout their life cycle without impacting the overall system.
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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andauxiliary
securitystations
analysis,when
satellite
vulnerabilities,
deployed
security tools,
limitations
to bemay
considered
while
or
datanetwork
is not flowing.
Nevertheless
observations
by station
operators
be helpful
if
deployingall
such
techniques
and
protocolsThis
forcould
securing
satellite
as well
as statistics
somehow
the security
supporting
data is not
available.
enhanced
bycommunication,
supporting data that
we already
have on
at
recent After
attacks
on satellite
infrastructure.
We then propose
best
practicesand
for applied.
each of the above scenario.
NDC.
a study,
effective
tools and procedures
could be
developed

T4.1-P6
T4.1-P2

Designing NDC
the Control
System–for
AirAchievements
Conditioningand
andChallenges
Dehumidifier to
Bulgarian
and Network
New
Optimize the Performance of Gamma Spectrometer at RN42 Station

I. Popova, L. Dimitrova
National
Institute
Geophysics,
Geodesy
and Geography,
Sofia,
Bulgaria
S.A. Azizan,
F.A.inAbdul
Razalim,
M.S. Yahaya,
R.Y. Tze
Loong,
N.K. Zahidi
Malaysia
Nuclear
Agency,
Selangor,
Malaysia
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg

Contact: shahrulazlan112204@gmail.com;shahrul_azlan@nuclearmalaysia.gov.my
The first big steps to bring Bulgarian seismology to digital age was made in the end of 2005 when first data
transfer
from each seismic
station
to Bulgarian
data
centerbywas
fact andPreparatory
the operation
seismologistVienna,
works directly
The Radionuclide
Monitoring
Station
RN42 is
owned
CTBTO
Commission,
Austria
with
digitaland
seismograms.
seismicNuclear
stationsAgency.
were equipped
with 3C
broadband
seismometers
and digitizers
(CTBTO)
managed by All
Malaysian
Radionuclide
Monitoring
Station
RN42 Station
is a place
DAS
130 radioactive
of Reftek, brand
Inc. Automatic
processing
is basedPahang,
on SNDM
software
package.
As
to detect
particleofinTrimble
the atmosphere
locatedEQ
in Cameron
Highland
Malaysia
which
is 240km
fast
as possible
location, magnitude
and depth
are performed
8 minutes.
Information
for felt
EQ as soon
far away
from Malaysian
Nuclear Agency
office.
The stationwithin
is operated
continuously
24 hours
everyday
with
as
possibledowntime.
is sent to authority,
protection
and public
mas media.
For seismic
interest
we provide
minimum
The meancivil
annual
temperature
in Cameron
Highlands
is 18°Cevent
and of
means
annual
relative
information
to IDCThe
of target
CTBTO
in ViennaforNow
the end
of 2018 in
weRN42
started
withisabelow
new 22°C
step to
humidity is 87.0%.
specification
operating
temperature
station
andintegrate
relative
Seiscomp3
seismic
datatheprocessing
in our NDC
with
- scanloc
for at
detection
humidity is in
40%
to ensure
gamma spectrometer
inside
themodules
station can
be operated
optimumclustering
condition and
and
association
scevalof
forthis
Realtime
evaluation
safely. The and
objective
study isevent
to design
the control system for air conditioner and dehumidifier to ensure
the gamma spectrometer inside RN42 station can be operated at optimum condition. This study is important to
ensure the gamma spectrometer working at the best performance without major problem so that the station’s
operator can operate
the station smoothly
andSystems
the data can
to International
Data Centre
(IDC) on time.
T4.1-P33
Next Generation
Power
of transfer
CTBTO’s
International
Monitoring

System (IMS)

T4.1-P7

M.
Jusko,
J. Robertson
Fair
Spectral
Access in Cooperative Cognitive Radio Networks
CTBTO Preparatory Commission, Vienna, Austria
S.M.T. Shah, Z. Fiaz
Contact:
marian.jusko@ctbto.org
National Disaster
Management Authority, Islamabad, Pakistan
With the strong
mandate
to sustain high annual data availability throughout the network in face of harsh
Contact:
tayabshah@hotmail.com
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
Cooperative
Communication
in Cognitive
(CRN)
is emerging
Communication
prototype
that
increased
resiliency,
added redundancy
and Radio
trustedNetwork
components,
which
passed the
test of time. The
design and
provides enhanced
capacity and improved
reachability.
Suchcreates
cooperation
can of
generally
be achieved
using
deployment
of the next-generation
IMS power
systems thus
a window
opportunity
to modernize
Secondary
Users
(SUs) ascatastrophic
intermediatefailures
relays in
to provide
benefitand
to Primary
Users
exchange of
station
design,
minimize
at order
the existing
stations,
incorporate
the(PUs)
latestintechnological
sharing spectrum
in either
time domain
or frequency
domain.
arrangement
is commonly
referred
as Overlay
advancements
at new
installations
or station
upgrades
as partThis
of the
forthcoming
IMS network
recapitalization
CRN. Furthermore,
Cooperative
communications
be employed
to system
resolve architecture
fairness constraints
supplying
period.
The next-generation
IMS power
systems arecan
based
on the open
concept,by
utilizing
adoptimal
average
transmission
rate
to
the
users
or
through
other
resource
optimization
techniques.
Such
schemes
hoc selection and substitution of various power sources and power system components derived from
the
result in an increased
transmission
rate of
PUs and an
accessatof the
spectrum
SUs. Furthermore,
for fair spectral
environmental
demands
and logistical
restrictions
present
stationtolocation.
These purpose-built,
yet
access, it is necessary
to adopt
a scheme
thatthemaximizes
the average
rate
of transmission
of both
PUs requiring
and SUs.
standardized
power systems
thus
adapt to
site-specific
input and
output
requirements,
without
Various schemes
thewhen
literature
whichat have
resolving the
fairness
issues in CRNs.
However,
in
extensive
redesignexist
and in
cost
deployed
otherfocused
stationson
throughout
IMS network.
The high
degree of
such schemes thesimplifies
PUs improved
performance
does not and
necessarily
satisfactory performance
for
standardization
installation,
maintenance
future translate
upgradesinto
as a components
can be freely
the SUs. Existing
cooperative
distribution
algorithms
suchthe
as overall
Conventional
interchanged
throughout
their life
cycle without
impacting
system.Distribution Algorithms (CDA) and
Pragmatic Distribution Algorithms (PDA) cannot improve the transmission rate of both PUs and SUs
simultaneously and thus should be revised to address the fairness issues in the assignment algorithms.
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T4.1-P8
Free-Space-Optical
Communication
Up in Case
of Non Functioning
T1.1-O3
Atmospheric Boundary
Layer asasaBack
Laboratory
for Modeling
Infrasound
of thePropagation
GCI-III
and Scattering in the Atmosphere
A. Niane
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
Department
Physics,Institute
Université
Cheikh Anta Physics,
Diop (UCAD),
Senegal
A.M.ofObukhov
of Atmospheric
RussianDakar,
Academy
of Science, Moscow, Russian
Federation
2
Contact:
aliou.niane@arsn.sn;aliou94.niane@ucad.edu.sn
Barva
Innovation Center, Talin, Armenia
Contact:
igor.chunchuzov@gmail.com
For a modulated beam
of visible,
the Free-Space-Optical (FSO) communication is a method for a range of
application. For this paper we will focus the Free-Space-Optical communication as back up in case of non
The experimental
results
of studying
the effect
of a fine-scale
structure
of aof
stably
stratified
functioning
of the GCI-III.
Taking
into account
the effects
of extremelayered
weather
conditions
ten years
fromatmospheric
2003
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
(1
to 2012 we have determined the performance of a FSO system. The determination of the power received forperiod
a
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
in
the
range of distance from 1 to 15km deepened the analysis and the discussion of the effects of weather conditions.
thin attenuation
layers of thedistribution
ABL have was
beencalculated
retrieved using
wave
forms geometric
and travel times
the indicating
recorded arrivals
of
The rain
takingtheinto
account
losses ofand
the
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
ABL
is
availability of the system. In this paper we establish percentages of availability, the power margins and optimal
similar
to
the
mechanism
of
scattering
of
signals
from
ground
surface
explosions
by
layered
nonhomogeneities
link ranges of some FSO systems, for weather conditions in Dakar. We have made a FORTRAN program for
of wind
and temperature
the stratosphere
and
loweroutlines.
thermosphere.
The role
similarityby
parameter
this work.
We velocity
used Mgraph
software oninLINUX
to draw the
graphs
The results
wereofperformed
a
here
place
the
dimensionless
thickness
of
the
reflecting
nonhomogeneous
layers,
which
is
the
vertical
scale of
lognormal distribution with good precision of the tests of correlations. The availability of optical link for weather
the layer
multiplied by
thehigh
relative
difference
effective
sound
and of
normalized
by the vertical
conditions
are established
with
precision.
We inhave
highlight
thevelocity
advantage
free-Space-Optical
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival times of
communication as a back-up in the case of non-functioning GCI-III in the region of Dakar.
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002

T4.1-P9

Geodynamic Network of Seismic and Volcanic Monitoring OVSICORI-UNA
a
Data Integration
with
theofCosta
Rica National Data Center
T1.1-O4Possibility
ClimateofChange
Through the
Eyes
Radioisotopes
(NDC-CR)

L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
H. Villalobos
BelgianVillalobos
Nuclear Research Center (SCK•CEN), Mol, Belgium
2
Observatorio
Vulcanológico
SismológicoVienna,
de Costa
Rica (OVSICORI), Costa Rica
CTBTO
Preparatory yCommission,
Austria
3
Central
Institution
for
Meteorology
and
Geodynamics
(ZAMG), Vienna, Austria
Contact:
hairo.villalobos.villalobos@una.cr;hvillal4@gmail.com
4
TU Wien Atominstitut, Vienna, Austria
OVSICORI-UNA is 5aUniversity
UniversityofResearch
Institute dedicated
to research
of volcanoes,
and other
Natural Resources
and Applied
Life Sciences
(BOKU), earthquakes
Vienna, Austria
tectonic processes, in6 Health
order toCanada,
find useful
applications
that Bureau,
help society
to mitigate
the adverse effects of these
Radiation
Protection
Ottawa,
ON, Canada
events to economic and social development. The purpose of the seismic network was to obtain information on
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
the location of the generators of volcanic tremors and characterize sources. Our Data Center has been expanded
with a Cosmogenic
contribution radionuclides
of CTBTO with
a Nationaland
Data
Centre installed
in September
2010,
to acquire
data
beryllium-7
sodium-22
are known
atmospheric
tracers
and canseismic
be used
together
from stations
in
the
region
and
the
globe,
which
will
be
very
useful
to
improve
the
precision
of
the
location
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
parameters
the OVSICORI
-UNA
to national and
international
community.The
country
allowsprovided
to studyby
progression
and speed
of atmospheric
cells.
Data show scientific
that the cells
are decelerating
during the
last 3 summer
decades has
faced
significant
seismic
and volcanic
events by
which
thanksoftothe
a seismographicvolcanic
as
period
which
is extending
in time.
This is caused
warming
whole troposphere
and increased
operating
the OVSICORI-UNA
network
has allowed toAestival
go steadily
monitoring,
recording
and orderly
tropopause
height due to rising
CO2 concentrations.
episodes
of persistent
high-pressure
systems over
documenting
each low
of these
events,
which
significant
knowledge
of the are
volcanic-seismic-tectonic
Europe with
pressure
gradients
thatallowed
led to almost
stationary
thunderstorms
correlated with the observed
conditions
in the country
forward cell
and movement.
that in the past
unknownthat
for7Be
lackand
of a22Na
goodcan
seismic
andasvolcanic
deceleration
of atmospheric
This were
demonstrates
be used
indicators for
monitoring
and
seismic-volcanic
data
bank.
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T4.1-P10 Geography Information System Capabilities: GeoEvent Method to Improve
T1.1-O5
Detection
Efficiency
the IMS
for Bolides
Network
Optimization
of of
CTBTO
Operation
Data
P. Brown, N. Gi
B.R. Ayoniyi
University
of Vienna,
AustriaOntario, London, ON, Canada
University
of Western

Contact:
bamidele.ayoniyi@gmail.com
Contact:
pbrown@uwo.ca
In optimization
this study plays
we an
examined
(airbursts)
reported
on the at JPL
CNEOSrateswebsite
Network
important344
role bolides
as information
technology
is growing
exponential
(https://cneos.jpl.nasa.gov/fireballs/)
betweencentre
2007-2018
andlarge
attempt
to of
correlate
with infrasound
especially
with CTBTO Operations and computer
producing
volumes
data andthese
thus consuming
We found However,
206 of these
bolidesnetwork
were detectable
by atisleast
infrasound
station while
onlycan
42 were
larger detections.
network bandwidths.
if proper
optimization
not one
in place,
the continuous
growth
automatically
registered
as part ofof
thethe
Reviewed
Event
Bulletin (REB)
issued dailyThis
by CTBTO.
However, this
add strain
to the network
architecture
concerned
environment
or organization.
paper, proposes
globalInformation
REB detection
rate(GIS)
of ~10%
averageda from
2007-2018
less
thantothe
"modern"
ratedata,
(from
2014-2018)
Geography
System
capabilities,
GeoEvent
methodis as
a tool
monitor
traffic
improve
network
performance
and20%.
eliminate
data
of real
timethreshold,
continuous
which
approaches
Above
theredundancy
1 kT CTBTO
design
wedata
findfrom
that end
40%toofend.
airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T4.1-P13
Implementation of a QA/QC Programme for Noble Gas Monitoring in the
Poster Presentations
IMS Network
T4.1-P1

B. Wernsperger, H. Gohla, V. Popov, R. Plenteda
Troubleshooting
Indonesian
CTBTO
Stations
CTBTO
Preparatory Commission,
Vienna,
Austria

D. Kriswibowo
Contact:
bernd.wernsperger@ctbto.org
PT. Mindotama Avia Teknik
There are currently 25 of 40 radionuclide stations with noble gas capabilities which are certified for operations in
Contact:
desta1323@gmail.com
the IMS network.
To gain
confidence in results reported from these stations an annual QA/QC programme has
been developed ensuring the quality of the radioxenon sampling, gas processing and measurement processes.
CTBTO auxiliary seismic station network in Indonesia has one data center and six auxiliary seismic stations.
Reference
gas
spiked
with radioxenon
isotopes are sent
to the
certified
IMS
nobleCommunication
gas stations. After
Each station
hassamples
different
categories
requiring troubleshooting.
At the
NDC
we have
Power,
and
measurement
of
the
reference
samples
at
the
station
they
are
sent
to
IMS
radionuclide
laboratories
reServer problems requiring troubleshooting. Meanwhile at auxiliary seismic stations we may have and
Power,
analyzed.
Results
of
the
QA
programme
are
presented.
Furthermore,
challenges
with
regard
to
a
network
wide
Communication and Seismic Sensor problems. Some of those problems are independent but others are coupled.
QA/QC
programme
short-lived
isotopes
andallows
remoteusstation
locations
are also
presented.
With more
and moreinvolving
data we can
study faults,
which
to better
understand
what
happening at the NDC
or auxiliary stations when data is not flowing. Nevertheless observations by station operators may be helpful if
somehow all the supporting data is not available. This could enhanced by supporting data that we already have at
T4.1-P14
Implementing
Process
Oriented
Knowledge
Lessons Learned
NDC. After a study,
effective tools
and procedures
could
be developedManagement:
and applied.

from an Application in the OPCW

M. Galindo Arranz, L. Robert
Bulgarian NDC and Network – New Achievements and Challenges
Organisation for the Prohibition of Chemical Weapons, The Hague, the Netherlands
I. Popova,marta.galindo@opcw.org
L. Dimitrova
Contact:
National Institute in Geophysics, Geodesy and Geography, Sofia, Bulgaria
The Chemical Weapons Convention (CWC) is an international disarmament treaty to achieve the vision of a
ilianapopova79@yahoo.com;iliana79@abv.bg
world free ofContact:
chemical
weapons. The Convention prohibits the development, production, acquisition,
stockpiling,
retention,
transfer
or useseismology
of chemical
weapons,
for end
the of
destruction
of first
existing
The first big steps to bring Bulgarian
to digital
age and
was provides
made in the
2005 when
data
stockpiles.
The
Chemical
Demilitarisation
Branch
(CDB)
provides
support
to
the
States
Parties
by
technically
transfer from each seismic station to Bulgarian data center was fact and the operation seismologist works directly
assess
compliance
with their
and by were
implementing
credible
verificationseismometers
regime in relation
with the
with digital
seismograms.
Allobligations
seismic stations
equipped awith
3C broadband
and digitizers
chemical
chemical
weapons
production EQ
facilities.
CDBis has
initiated
a pilot
projectpackage.
to identify
DAS 130 weapons
of Reftek,and
brand
of Trimble
Inc. Automatic
processing
based
on SNDM
software
As
improvements
its activities
basedand
ondepth
the evaluation
of itswithin
knowledge
products.
The methodology
used
is
fast as possibleon
location,
magnitude
are performed
8 minutes.
Information
for felt EQ as
soon
“Process
Oriented
Knowledge
Management”
where
CDB
processes
are
mapped
and
its
knowledge
intensive
as possible is sent to authority, civil protection and public mas media. For seismic event of interest we provide
tasks
and products
identified.in The
studyNow
presents
the ofmethodology
and proposes
initiatives
address
information
to IDC are
of CTBTO
Vienna
the end
2018 we started
with a new
step totointegrate
knowledge
gaps
to
improve
processes
efficiency.
Seiscomp3 in seismic data processing in our NDC with modules - scanloc for detection clustering and
association and sceval for Realtime event evaluation

T4.1-P2

T4.1-P15 IMS Station Management in Argentina
T4.1-P33 M.A.
NextFernandez
Generation Power Systems of CTBTO’s International Monitoring
System (IMS)
Autoridad
Regulatoria Nuclear (ARN), Buenos Aires, Argentina
Contact:
M. Jusko,mfernandez@arn.gob.ar
J. Robertson
CTBTO Preparatory Commission, Vienna, Austria
The Nuclear Regulatory Authority (ARN) of Argentina has three stations of the International Monitoring System
marian.jusko@ctbto.org
(IMS) already Contact:
established
and certified. Two new IMS stations: RN02 for radionuclide monitoring in Salta and
IS01
for
infrasound
monitoring
in Rio
be availability
built duringthroughout
the periodthe2019/2020
to face
complete
the
With the strong mandate to sustain
highNegro
annualwill
data
network in
of harsh
Argentine
Network
under
ARN
responsibility.
An
update
of
the
existing
IMS
stations
to
latest
technologies,
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
RN01
Buenos
Aires added
and IS02
Tierra del
expected in which
the near
future.
National
increased
resiliency,
redundancy
andFuego,
trustedis components,
passed
theThe
testArgentine
of time. The
designData
and
Center
(NDC)
is
under
development.
The
aim
of
this
presentation
is
to
share
ARN´s
experience
in
IMS
Station
deployment of the next-generation IMS power systems thus creates a window of opportunity to modernize
Management considering administrative and technical factors and also existing limitations related to:
station design, minimize catastrophic failures at the existing stations, and incorporate the latest technological
maintenance planning, response to an urgent repair need considering long distances between stations and ARN
advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
Headquarters, Local Operators capabilities and training, importation of equipment, bidding processes, quality
period. The next-generation IMS power systems are based on the open system architecture concept, utilizing adassurance and good practices.
hoc selection and substitution of various power sources and power system components derived from the
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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T4.1-P16
Infrasound
Detection
Capability
Improvement
on Noise
ReductionInfrasound
System
T1.1-O3
Atmospheric
Boundary
Layer
as a Laboratory
for Modeling
Propagation and Scattering in the Atmosphere
A.S. Pantin

1
Autoridad
Regulatoria1,Nuclear
(ARN),1, Buenos
Aires, Argentina
I. Chunchuzov
S. Kulichkov
V. Perepelkin
, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M.
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
apantin@arn.gob.ar;smokyandres@gmail.com
Federation
2
Argentina is a Member
State
of the Comprehensive
Nuclear-Test-Ban Treaty Organization (CTBTO) and as
Barva
Innovation
Center, Talin, Armenia
such has stations that form part of the International Monitoring System (IMS) network, part of which consists of
Infrasound Stations.Contact:
As part igor.chunchuzov@gmail.com
of corrective maintenance measures, two agents/operators from the Nuclear
Regulatory
Authority
(ARN)
performed
tests
the noise
reduction layered
system on
one array
the IS02
Infrasound
The experimental results of studying
theoneffect
of a fine-scale
structure
of aof
stably
stratified
atmospheric
Station.
A
week
of
testing
the
array,
implementing
various
resources,
including
apparently
ridiculous
ones such
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain
period (1
as checker
bath-mat
fragments
andaresilver
tape, concluded
in identifying
leakages
amending in the
min) game
by anparts,
artificial
detonation
source
presented.
The vertical
profiles of the
wind
velocityand
fluctuations
them, thin
including
improvised
techniques
that enhanced
improved
reduction
layerssome
of the
ABL have
been retrieved
using theand
wave
forms the
andperformance
travel timesofofthe
thenoise
recorded
arrivals of
systempulses
on thefrom
H5 the
array.
This
improvement
was
reached
as
a
product
of
knowing
and
understanding
how theABL is
source. It is shown that the mechanism of scattering of pulse signals in a stably stratified
stationsimilar
is set up
to and
the works.
mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities

of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
T4.1-P17
Factorsbythat
Improved
Data in
Availability
at IMS
RNand
Stations
the layerKey
multiplied
the relative
difference
effective sound
velocity
normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
W. is
Hamani,
Mascarenhas,
C.localization
Johannsen,ofH.pulsed
Tatlisu,
H. Komiyama,
the signals
studied.N.
The
estimation ofA.
theWiens,
error in
sources
is given. Acknowledgement:
N.
Meral
Özel
This work was supported by RFBR N 18-55-05002
CTBTO Preparatory Commission, Vienna, Austria

Contact: wacel.hamani@ctbto.org

T1.1-O4

Climate Change Through the Eyes of Radioisotopes

This poster will describe key factors that led to improved Data Availability at IMS stations. Work was
5
implemented to move
away1, from
corrective2,Maintenance
Maintenance.
Our
focus 6was to
L. Terzi
M. Kalinowski
G. Wotawa3,to
P. preventative
Saey4, M. Schoeppner
, I. T.
Hoffman
1
improving station infrastructure;
power,
grounding,
lightning
protection
climate control. We strengthened
Belgian Nuclear
Research
Center
(SCK•CEN),
Mol, and
Belgium
2
Station Operator technical
training's
by targeting
stations
in need,
improving training content and delivery. A
CTBTO
Preparatory
Commission,
Vienna,
Austria
3
targeted sparing program
was Institution
implemented
the stationsand
to provide
critical(ZAMG),
spares when
needed
and to mitigate
Central
for at
Meteorology
Geodynamics
Vienna,
Austria
4 shipping and procurement. Optimization of the overall sustainment was achieved by
long lead times from
TU Wien Atominstitut, Vienna, Austria
5
equipment standardization
and improved
Detectors
the key(BOKU),
elementVienna,
of a Station,
University
of Naturaldocumentation.
Resources and Applied
Lifeare
Sciences
Austria secure
6
Shipping and handling
procedures
were
implemented
to
reduce
damage
to
sensitive
instruments.
For RN
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
detectors we introduced vacuum evacuation to extend detector life in the field
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together

T4.1-P18
Maintenance
to Radionuclide
Station
Auxiliary
Seismic
in a lock-in
technique toVisit
effectively
trace vertical air
masses FJP26
based onand
surface
measurements.
This technique
allows toStation
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
AS031/MSVF

summer period which is extending in time. This is caused by warming of the whole troposphere and increased
C. Johannsen,
N.rising
Mascarenhas,
H. Komiyama,
N. Meral
Özelof persistent high-pressure systems over
tropopause
height due to
CO2 concentrations.
Aestival
episodes
CTBTO
Commission,
Austria
Europe with
lowPreparatory
pressure gradients
that ledVienna,
to almost
stationary thunderstorms are correlated with the observed
deceleration
of atmospheric
cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
Contact:
claus.johannsen@ctbto.org
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
The HPGe
detector at FJP26 had vacuum and noise problems which lead to performance below operational
requirements and unsustainable operation. An urgent trip to the station was conducted by PTS staff to restore
detector vacuum and performance was restored. Other issues at the station were also resolved, authentication was
enabled
and the station
operator was
trained onof
equipment
andfor
configuration
T1.1-O5
Detection
Efficiency
the IMS
Bolides issues. The AS031/MSVF station is
an IRIS/IDA configured seismic station. The SSI computer was down for a long period of time for an unknown
reason and could notP.beBrown,
restoredN.remotely
or by the station operator. The IRIS/IDA network was receiving data.
Gi
A visit to the stationUniversity
was planned
to troubleshoot
problem
replace the SSI computer. Troubleshooting
of Western
Ontario,this
London,
ON,and
Canada
showed problems with the power configuration after a battery change. Due to sufficient supply of on-site spares,
Contact: pbrown@uwo.ca
correct availability of tools, cables, etc., the power system could be repaired and reconfigured on-site during a
one-day
station.
station was
restored.
The (airbursts)
station operator
was involved
during
on-site visit
In visit
thisto this
study
we The
examined
344
bolides
reported
on the
JPLthe CNEOS
website
and helped
fixing the power problem.
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Major Upgrade at IS41 Villa Florida, Paraguay
Poster Presentations
T4.1-P1

S. Stefanova, P. Martysevich, N. Mascarenhas, H. Komiyama, N. Meral Özel
CTBTO Preparatory Commission. Vienna. Austria

Troubleshooting Indonesian CTBTO Stations

Contact: nicholas.mascarenhas@ctbto.org
D. Kriswibowo
After 15 years of operation, IMS infrasound station IS41 Villa Florida, Paraguay, had to face several technical
PT. Mindotama Avia Teknik
issues due to equipment aging and infrastructure deterioration. In order to mitigate those problems major
upgrade of theContact:
station desta1323@gmail.com
took place in June 2018. At each remote element the power supply and lightning
protection systems were improved. The wind-noise reducing system has been replaced, MB3 microbarometers
CTBTO
auxiliary
station network
in Indonesia
one were
data center
andinsix
auxiliary
stations.
and
Guralp
DM-24seismic
were deployed.
Reference
pressure has
sensors
installed
parallel
withseismic
the operational
Each
station
has
different
categories
requiring
troubleshooting.
At
the
NDC
we
have
Power,
Communication
MB3 sensors, allowing continuous passive on-site calibration at each site. Net improvement was observed in and
the
Server
problems
requiring troubleshooting.
Meanwhile
at auxiliary
stationsallowed
we may
data
quality,
and continuous,
authenticated data
are received
at the IDC.seismic
The upgrade
alsohave
muchPower,
more
Communication
and Seismic
Sensor problems.
Some troubleshooting
of those problems
are station.
independent but others are coupled.
reliable
maintenance,
remote monitoring
and efficient
of the
With more and more data we can study faults, which allows us to better understand what happening at the NDC
or auxiliary stations when data is not flowing. Nevertheless observations by station operators may be helpful if
somehow all the supporting data is not available. This could enhanced by supporting data that we already have at
T4.1-P20
New High
Quality
Borehole
Upgrades
and Additional
NDC. After a study,
effective
tools andVBB
procedures
could Sensor
be developed
and applied.

Atmospheric Sensors at Global Seismographic Network (GSN) Stations

K. Hafner1, P. Davis2
1Bulgarian NDC and Network – New Achievements and Challenges
Incorporated Research Institutions for Seismology (IRIS), Washington, DC, USA
2
International Deployment of Accelerometers,University of California San Diego (IDA/USCD),
I. Popova, L. Dimitrova
CA, USA
National Institute in Geophysics, Geodesy and Geography, Sofia, Bulgaria
Contact: hafner@iris.edu;katrin.hafner@gmail.com
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg
In order to improve network reliability and data quality, the GSN has begun deploying newly available VBB
The first big steps to bring Bulgarian seismology to digital age was made in the end of 2005 when first data
borehole seismometers to replace the aging KS54000 and some poorly performing STS-1 sensors over the last
transfer from each seismic station to Bulgarian data center was fact and the operation seismologist works directly
two years. Considerable effort has also been made to address problems with deteriorating infrastructure that
with digital seismograms. All seismic stations were equipped with 3C broadband seismometers and digitizers
suppressed
returnbrand
and increased
noise.EQ
This
includes adopting
new
borehole
sensorpackage.
installation
DAS 130 ofdata
Reftek,
of Trimblebackground
Inc. Automatic
processing
is based on
SNDM
software
As
techniques
that
maximize
the
performance
of
seismic
instruments
deployed
at
GSN
sites.
The
new
seismometers
fast as possible location, magnitude and depth are performed within 8 minutes. Information for felt EQ as soon
have
improved
self-noise
characteristics
and broader
bandwidth
than theFor
generation
of sensor
they are
as possible
is sent
to authority,
civil protection
and public
mas media.
seismic event
of interest
wereplacing
provide
and
meet
the
pass-band
sensor
specifications
for
IMS
primary
and
auxiliary
seismic
stations.
The
GSN
is also
information to IDC of CTBTO in Vienna Now the end of 2018 we started with a new step to integrate
diversifying
the
instruments
installed
at
the
stations
to
broaden
the
variety
of
geophysical
data
collected.
Seiscomp3 in seismic data processing in our NDC with modules - scanloc for detection clusteringThese
and
instruments include meteorological stations and infrasound sensors intended to augment the infrasound network
association and sceval for Realtime event evaluation
already deployed as part of the CTBTO’s International Monitoring System and the IRIS Transportable Array.

T4.1-P2

T4.1-P33 Next Generation Power Systems of CTBTO’s International Monitoring
T4.1-P23 Parallel Processing in the GDMS Analysis Pipeline
System (IMS)

D. Bustillo, J. Volle, J. Tran, E. Tillistrand, M. Wright
M. Jusko,
J. Robertson
General
Dynamics
Mission Systems, Chantilly, VA, USA
CTBTO Preparatory Commission, Vienna, Austria
Contact: edward.tillistrand@gd-ms.com
Contact: marian.jusko@ctbto.org
General Dynamics Mission Systems (GDMS) employs a single server to process and analyze a variety of
With the data
strongfiles.
mandate
to sustain
hightoannual
availability
network
in face
harsh
incoming
The server’s
ability
processdata
these
files in a throughout
timely and the
accurate
manner
is ofofcritical
environmental,
logistical,
and
meteorological
challenges,
it
becomes
imperative
to
design
power
systems
with
importance. However, the server has been overwhelmed at times with the sheer number of files it receives,
increased
resiliency,
added
redundancy
and
trusted
components,
which
passed
the
test
of
time.
The
design
and
resulting in delays and skipped processing of files. It has also been plagued with reliability issues, and requires
deployment
of
the
next-generation
IMS
power
systems
thus
creates
a
window
of
opportunity
to
modernize
constant attention to remain operational. To address these shortcomings, GDMS is building a next generation
station design,
minimize
catastrophic
at the
existing
stations,
andIt incorporate
the processing
latest technological
system
to process
incoming
files in afailures
faster and
more
reliable
manner.
uses multiple
nodes to
advancements
at
new
installations
or
station
upgrades
as
part
of
the
forthcoming
IMS
network
recapitalization
process multiple files simultaneously. Multiple redundancies are built-in to ensure reliability. "Smart"
processing
period. Thewill
next-generation
IMS
power systems
are priority
based onfiles.
the open
system
architecture
concept,
adalgorithms
result in faster
processing
of higher
An alert
system
will notify
staff ofutilizing
any issues;
hoc
selection
and
substitution
of
various
power
sources
and
power
system
components
derived
from
the
resulting in faster recovery times should an error occur.
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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T4.1-P24
Power
Quality andBoundary
GeneratorLayer
Monitoring
T1.1-O3
Atmospheric
as a Laboratory for Modeling Infrasound
Propagation
and Scattering
Atmosphere
E. Tillistrand,
N. Al-Alami,
B. Hosticka, in
G. the
Kline,
M. Wright General

1
1
Dynamics
Mission Systems,
Chantilly,1,VA,
USA
I. Chunchuzov
, S. Kulichkov
V. Perepelkin
, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M.
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
edward.tillistrand@gd-ms.com
Federation
The loss of power to2 station
equipment Center,
is one ofTalin,
the major
causes of station downtime, but it is a difficult issue
Barva Innovation
Armenia
to troubleshoot without data. To address this issue, General Dynamics Mission Systems investigated the use of
Contact:
igor.chunchuzov@gmail.com
commercially available
products
to monitor power quality and generator state-of-health. Two monitoring devices
were procured,
installed,
and
tested.
The first
is a generator
monitor
currently
installed
at IMS
radionuclide
The experimental results of studying
the effect
of a fine-scale
layered
structure
of a stably
stratified
atmospheric
monitoring
station
RN75.
The
device
monitors
the
generator’s
state-of-health
and
sends
real-time
alerts
and data
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain
period (1
which min)
allows
to ensure
the generator
mission
capable
all times.
The second
is avelocity
power quality
meter in the
byGDMS
an artificial
detonation
sourceisare
presented.
Theatvertical
profiles
of wind
fluctuations
installed
the GDMS
The been
deviceretrieved
providesusing
enhanced
functions
monitoring
power
consumption
and
thininlayers
of thetestbed.
ABL have
the wave
formsfor
and
travel times
of the
recorded arrivals
of
quality.
This
device
quantifies
the
power
quality
using
industry
standard
metrics,
and
can
perform
sub-cycle
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
transient
waveform
in the
of voltage
spikes
or ground
harmonics.
GDMS
can receive
alerts nonhomogeneities
remotely or
similar
to the capture
mechanism
of event
scattering
of signals
from
surface
explosions
by layered
view events
of
interest
through
the
device’s
web
interface.
These
improvements
seek
to
increase
visibility
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity into
parameter
powerhere
quality
trends
events which
may affect
station
health nonhomogeneous
and premature equipment
failure.is the vertical scale of
place
the and
dimensionless
thickness
of the
reflecting
layers, which

the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
T4.1-P27
Seismic
Station
Controlof the error in localization of pulsed sources is given. Acknowledgement:
the signals
is studied.
The estimation
This work was supported
by
RFBR N 18-55-05002
M. Chikh1, S. Bourouis2, M.O.A. Bounif3
1
Centre National de Recherche Appliquée en Génie Parasismique, Algiers, Algeria
2
Centre de Recherche en Astronomie, Astrophysique et Géophysique, Bouzareah, Algeria
3
T1.1-O4
Climate
Changeet Through
the Eyes
of Radioisotopes
Université
des Sciences
de la Technologie
Houari-Boumédiène,
Algiers, Algeria

1
L. Terzi
, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
Contact:
chmoad2001@hotmail.com
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
Instrumental seismology
is based
mainly onCommission,
the precisionVienna,
of the recording
CTBTO
Preparatory
Austria instruments and their operating states.
3 the response of the association digitizer-sensor to the ground excitation. For the purposes
It is important to know
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
of the CGS, aftershocks
seismic array,
weAustria
suggest a simple method to evaluate the operation of the
TU recording
Wien Atominstitut,
Vienna,
short seismic stations5 University
to each other.
Ten
seismometers
haveApplied
been installed
inside(BOKU),
a galleryVienna,
of flow-through
of Natural Resources and
Life Sciences
Austria dam
for a period of one6 Health
week, the
sensors
are
50cm
apart
from
each
other.
The
dam
offers
the
possibility of
Canada, Radiation Protection Bureau, Ottawa, ON, Canada
earthquakes recording in a short time and in an environment of low noise. The test shows that the stations have a
similar response forContact:
the samelucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
excitation. The time is an important parameter for seismology without it the
locations
may
take
a
significant
error. In order
observe the
of the instrument
Cosmogenic radionuclides beryllium-7
andtosodium-22
are behavior
known atmospheric
tracers internal
and can clock,
be usedtwo
together
stations
was
installed
at
the
same
place,
the
first
station
operated
for
one
month
without
clock
correction
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This(GPS
technique
time), allows
a second
one isprogression
installed forand
a 24h
duration.
During this
earthquake
allowingduring
the the
to study
speed
of atmospheric
cells.time,
Dataanshow
that thewas
cellsrecorded
are decelerating
drift rate
evaluation
of
the
internal
clock,
thus
offer
the
possibility
to
correct
the
clock
drift
if
necessary.
summer period which is extending in time. This is caused by warming of the whole troposphere and increased

tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
T4.1-P28
SiteofSelection
forcell
Seismic
Broadband
Stationthat
Installation
(CGS
Seismic
BB
deceleration
atmospheric
movement.
This demonstrates
7Be and 22Na
can be
used as indicators
for
confirming
several Network)
side effects of climate change while providing a new modelling tool in seasonal weather
National
forecast.
M. Chikh1, R. Bensalem1, E.H. Oubaiche1, M.O.A. Bounif2, D. Bouziane1
1
Centre National de Recherche Appliquée en Génie Parasismique, Algiers, Algeria
2
Université des Sciences et de la Technologie Houari-Boumédiène, Algiers, Algeria
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Detection Efficiency of the IMS for Bolides

Contact: chmoad2001@hotmail.com
P. Brown, N. Gi
As part of its monitoring
activities,
the CGS
AlgeriaLondon,
includes
a National
University
of Western
Ontario,
ON,
Canada strong motion accelerometers network
and a National Broadband seismic network (five stations) located in northern part of the country. In the effort to
Contact: pbrown@uwo.ca
install the Broadband stations a methodology was adopted, inspired from the international standard and adopted
with local
As firstwe
step examined
administrative
was made
with the
local authorities
Wilaya,
In needs.
this study
344contacts
bolides
(airbursts)
reported
on thein concerned
JPL CNEOS
website
then in(https://cneos.jpl.nasa.gov/fireballs/)
sites visit and primary site selection, between
followed by
geophysical
studies,tothen
shelter building
and final
2007-2018
andfield
attempt
correlate
these with
infrasound
installation.
Biskra,
south
east bolides
of Algeria
the firstbystudied
we installed
two while
broadonly
band
detections.
We located
found 206
of these
were is
detectable
at least site;
one infrasound
station
42 were
seismological
stations
for
continuous
recording
during
four
weeks,
enabled
us
to
calculate
daily
Power
spectral
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
densityglobal
(PSD)REB
for each
stationrate
andofsignal
noise ratio
(SNR)
using local
andthan
regional
seismic event
recorded
by
detection
~10%toaveraged
from
2007-2018
is less
the "modern"
rate (from
2014-2018)
the stations.
For
under
ground
recognition
at
selected
site
we
applied
geophysical
methods
(seismic,
electric,
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
gravimetry
and while
H/V technique).
The are
results
allowed
us toor establish
an underground
profile
belowwith
theenergy
site > 2
the REB,
more than 90%
detectable
at one
more infrasound
stations. All
airbursts
planned
future station
shelter
wasbeen
builtdetected
under four
meters deep,divided
in the
twoREB
levelsis only
kTfor
reported
on the installation.
JPL fireballThe
siteseismic
since 2007
have
infrasonically.
However,
and.thecomplete
external above
reinforced
concrete
walls
are surrounded
withsystem
a stone not
wallhaving
to improve
thermal
isolation.
15 kT
with the
automated
detection
reported
at least
four airbursts with
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T4.1-P31
The New Botswana Seismological Network (BSN): Developments in
Detection of Seismic Events in Southern Africa and Beyond

O.
Ntibinyane1, M.T.Indonesian
Kwadiba1, K.G.
Botepe1Stations
, J. Maritinkole1, R. Simon2
Troubleshooting
CTBTO
1
Botswana Geoscience Institute, Lobatse, Botswana
2
D.
Kriswibowo
University
of Botswana, Botswana
PT. Mindotama Avia Teknik
Contact: ntibinyaneo@bgi.org.bw;onkgost@gmail.com
Contact: desta1323@gmail.com
Launched during the period between 2000 and 2001, the Botswana Seismological Network (BSN) project
CTBTO
seismicofstation
in Indonesia
hasdistributed
one data center
auxiliary active
seismicOkavango
stations.
involved auxiliary
the installation
sevennetwork
accelerometric
stations
acrossand
thesix
seismically
Each
different
categories requiring
At the
NDC we
Power,monitoring
Communication
and
delta station
region has
(ODR)
in northwestern
Botswana.troubleshooting.
The network was
deployed
forhave
long-term
of seismic
Server
requiring
troubleshooting.
Meanwhile
at auxiliary
seismic stations
webetter
may assessment
have Power,
activityproblems
in the ODR
to improve
our understanding
of the causes
of earthquakes
and enable
of
Communication
and Seismic
Sensor
problems.
Some
of those problems
are those
independent
but others
coupled.
seismic-related hazards
and risks
in the
area. Due
to operational
challenges,
BSN stations
wereare
de-installed
With
more
and morethe
data
we system
can study
which allows
us to better
understandofwhat
the NDC
in 2016.
Currently,
BSN
hasfaults,
been revitalized
through
the deployment
a sethappening
of 21 newatbroadband
or
auxiliary stations
when
data is not
flowing.
Nevertheless
observations
by station
operatorsproject
may be
helpfulthe
if
seismographic
stations
nationwide.
The
digital network
was installed
through
a collaborative
between
somehow
all
the
supporting
data
is
not
available.
This
could
enhanced
by
supporting
data
that
we
already
have
at
Botswana Geoscience Institute (BGI) and the Netherlands based University of Twente (UT) and the Utrecht
NDC.
After(UU).
a study,
tools
procedures
could
be ownership
developed and
applied.
University
Ateffective
the end of
theand
project
in March
2018,
of the
stations was transferred to the BGI
to reconstitute the BSN. The new BSN is telemetered continuously to the BGI server via the Seiscomp3
acquisition system and integrated with IMS and other regional stations to enhance detection of regional and
teleseismic events.
Both Data
and and
bulletins
are shared
to theAchievements
Incorporated Research
Institutions for Seismology
T4.1-P2
Bulgarian
NDC
Network
– New
and Challenges
(IRIS) and the International Seismological Center (ISC) respectively.
I. Popova, L. Dimitrova
National Institute in Geophysics, Geodesy and Geography, Sofia, Bulgaria

T4.1-P1

T4.1-P32 Contact:
Upgrading
of PS11 and Establishment of IS12 as well as the National Data
ilianapopova79@yahoo.com;iliana79@abv.bg
Centre of Bangui Project in Central African Republic

The first big steps to bring Bulgarian seismology to digital age was made in the end of 2005 when first data
1 to Bulgarian
2
transfer from each
seismic station
center was
fact and the operation seismologist works directly
M. Nambobona
, L. Seydi2, M. data
Kalinowski
1
with digital seismograms.
All
seismic
stations
were
equipped
3C broadband seismometers and digitizers
National Data Centre of Bangui, Central Africanwith
Republic
2
DAS 130 of Reftek,
brand
of
Trimble
Inc.
Automatic
EQ
processing
is based on SNDM software package. As
CTBTO Preparatory Commission, Vienna, Austria
fast as possible location, magnitude and depth are performed within 8 minutes. Information for felt EQ as soon
Contact:
m_nambobona@yahoo.fr;michel.nambobona@gmail.com
as possible is sent
to authority,
civil protection and public mas media. For seismic event of interest we provide
information
to
IDC
of
CTBTO
in Vienna
the endhasofbeen
2018signed
we started
with
new step Commission
to integrate
After ratifying the Treaty on 26 May
2010, anNow
agreement
between
the aPreparatory
Seiscomp3
in
seismic
data
processing
in
our
NDC
with
modules
scanloc
for
detection
clustering
for the CTBTO and the Government of the Central African Republic on 31 December 2010, on the " Conductand
of
association
and scevalPost-certification
for Realtime eventActivities,
evaluationRelating to International Monitoring System Facilities PS11
Activities, Including
and IS12". PS11 and IS12 are both part of 337 IMS facilities for the Comprehensive Nuclear-Test-Ban Treaty.
PS11 is the existing station, which was operational under BGCA code for GTSN from 1994 to 2004.
Unfortunately,Next
it was
destroyed during
the Systems
trouble situations
in Central
African Republic
and needed to be
T4.1-P33
Generation
Power
of CTBTO’s
International
Monitoring
upgraded. However,
the
IS12
station
is
a
new
one
to
be
established
as
well
as
the
National
data Centre of
System (IMS)
Bangui. The reliability of the raw data provided in the past by the previous BGCA/GTSN station contributed at
the International
Data Center
to detect the world parameters of nuclear explosions, natural disasters, the
M. Jusko,
J. Robertson
Preparatory
understandingCTBTO
of earth
influence. Commission,
The control Vienna,
of the Austria
non-proliferation of mass destruction weapons. their
disarmament as well as the protection of the environment. The optimization of above facilities will contribute to
Contact: marian.jusko@ctbto.org
the implementation of monitoring network of CTBT verification regime for the control of the international
security
peace.
With
theand
strong
mandate to sustain high annual data availability throughout the network in face of harsh
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
increased resiliency, added redundancy and trusted components, which passed the test of time. The design and
deployment of the next-generation IMS power systems thus creates a window of opportunity to modernize
station design, minimize catastrophic failures at the existing stations, and incorporate the latest technological
advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
period. The next-generation IMS power systems are based on the open system architecture concept, utilizing adhoc selection and substitution of various power sources and power system components derived from the
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere

T4.2 Systems Engineering

Oral
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1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Presentations
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T4.2-O1

A New Approach to Supportability Analysis for the IMS, Based on the
The experimental
results of studying
the Process
effect of afor
fine-scale
structure
of a stably stratified atmospheric
Cross-Industry
Standard
Data layered
Mining
(CRISP-DM).

boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
D. Foster source are presented. The vertical profiles of wind velocity fluctuations in the
min) by P.
anBenicsak,
artificial detonation
CTBTO
Vienna,
thin layers
of thePreparatory
ABL have Commission,
been retrieved
using Austria
the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Contact:
peter.benicsak@ctbto.org
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Sustaining
technically
complex and
globallyofdistributed
network
such as the International
Monitoring
System
here aplace
the dimensionless
thickness
the reflecting
nonhomogeneous
layers, which
is the vertical
scale of
(IMS)the
presents
multiple
challenges,
particularly
when
combined
with
the
high
levels
of
data
availability
layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
required.
To this end,
the IMS
Analysis
Team has already
developed
several components
of and
an integrated
wavelength.
The effect
of such
inhomogeneities
on the temporal
fluctuations
of the azimuth
arrival times of
support
system,
including
various
data
gathering
methods,
supporting
analysis
and
modelling
capability,
for
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
decision
making.
Building
on
this
earlier
work
and
the
lessons
learned,
the
need
for
a
standardized
data
mining
This work was supported by RFBR N 18-55-05002
approach to supportability analysis was recognized. The poster shows how the Cross-Industry Standard Process
for Data Mining (CRISP-DM) framework as a best practice can be applied in IMS.
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FaultNet:
A1,Deep-Learning
for 4Data-Gap
Analysis
L. Terzi
M. Kalinowski2, G.Framework
Wotawa3, P. Saey
, M. Schoeppner
, I. T. Hoffman6

1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
J. Dickey,
R. Pena,
R. Richards
CTBTO
Preparatory
Commission, Vienna, Austria
3
Air Force
Technical
Applications
Center (AFTAC),
Patrick Air(ZAMG),
Force Base,
FL, Austria
USA
Central Institution
for Meteorology
and Geodynamics
Vienna,

4
TUjoshuadickey@gmail.com
Wien Atominstitut, Vienna, Austria
Contact:
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Each year, National Data
Centers
(NDCs)
experience
thousands
of data
gaps,ON,
oftenCanada
requiring human intervention
Health
Canada,
Radiation
Protection
Bureau,
Ottawa,
to restore timely data. Understanding the source of these gaps is critical for maintaining mission capabilities. To
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
address this, we present
a three-tiered
framework for real-time automated data-gap analysis: First, we present an
Internet
of
Things
(IoT)-based
equipment
providing are
low-overhead
status-of-health
(SOH)
Cosmogenic radionuclides beryllium-7suite,
and sodium-22
known atmospheric
tracers and
can monitoring
be used together
capabilities
at
every
instrument.
We
next
describe
an
open-source
infrastructure
monitoring
tool
of
in a lock-in technique to effectively trace vertical air masses based on surface measurements.capable
This technique
collecting
and
trending
the
SOH-streams
in
real-time.
Finally,
we
present
FaultNet,
a
deep
neural
network
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
algorithm
that analyzes
the raw
SOH streams
and produces
a probabilistic
model
for source-fault
analysis.
summer
period which
is extending
in time.
This is caused
by warming
of the
whole troposphere
andDeep
increased
Neuraltropopause
Network-based
analysis
is
currently
responsible
for
revolutionary
advances
in
equipment
maintainability,
height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
and the
FaultNet
has gradients
the potential
reducestationary
outage response-time
forare
NDCs,
and improve
Europe
withframework
low pressure
that to
ledboth
to almost
thunderstorms
correlated
with thedata
observed
availability
at
the
IDC.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for

confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Geophysical Monitoring System (GMS) Development for IDC ReEngineering
T1.1-O5 Detection Efficiency of the IMS for Bolides

J. M. Harris, K. Rivera, J. Burns, J. Coram, J. DuBois, L. Kidd, R. Prescott, C. Young
SandiaP.National
Albuquerque, NM, USA
Brown, Laboratories,
N. Gi
University
of
Western
Ontario,
London, ON, Canada
Contact: mharris@sandia.gov

Contact: pbrown@uwo.ca
Sandia National Laboratories is developing the Geophysical Monitoring System (GMS) for modernization of the
UnitedInStates
waveform
system. Concurrently,
Data Centre
this National
study Data
we Center
examined
344 processing
bolides (airbursts)
reported the
on International
the JPL CNEOS
website
(IDC) (https://cneos.jpl.nasa.gov/fireballs/)
has begun the development phase between
of their IDC
Re-engineering
project
improvethese
capabilities
and
2007-2018
and attempt
to tocorrelate
with infrasound
maintainability
processing
system.
GMSbyhas
substantial
overlapstation
with while
IDC only
system
detections.of
Wetheir
foundwaveform
206 of these
bolides were
detectable
at least
one infrasound
42 were
requirements,
so the registered
United States
is providing
the common
and processing
components
of GMS
as this
automatically
as part
of the Reviewed
Eventarchitecture
Bulletin (REB)
issued daily
by CTBTO.
However,
a contribution-in-kind
to accelerate
on IDCfrom
Re-engineering.
GMS
a substantial
re-implementation
of
global REB detection
rate of progress
~10% averaged
2007-2018 is
lessisthan
the "modern"
rate (from 2014-2018)
the waveform
processing
system
using
modern
software
languages
and
patterns.
High
level
objectives
include
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
improving
configurability
flexibility,
of at
data
to providestations.
insight All
intoairbursts
processing
results,
the REB,
while moreand
than
90% are capture
detectable
oneprovenance
or more infrasound
with
energy > 2
and extensibility
accommodate
new processing
and analysis
components
on innovations
emerging
fromis only
kT reportedtoon
the JPL fireball
site since 2007
have been
detected based
infrasonically.
However,
the REB
the monitoring
is beingdetection
releasedsystem
as opennotsource
forreported
use by the
IDC four
and member
complete research
above 15community.
kT with theGMS
automated
having
at least
airbursts with
states. The first release was made available in December 2018 for IDC review. The next release (2019) will
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Poster
provide aPresentations
generic runnable system including basic components for data acquisition, automated processing, and

interactive analysis. This presentation describes GMS project goals and milestones, system architecture and
design, and new user interfaces for waveform and event analysis.

T4.1-P1

Troubleshooting Indonesian CTBTO Stations

D. Kriswibowo
PT. Mindotama Avia Teknik
Contact: desta1323@gmail.com
CTBTO auxiliary seismic station network in Indonesia has one data center and six auxiliary seismic stations.
Each station has different categories requiring troubleshooting. At the NDC we have Power, Communication and
Server problems requiring troubleshooting. Meanwhile at auxiliary seismic stations we may have Power,
Communication and Seismic Sensor problems. Some of those problems are independent but others are coupled.
With more and more data we can study faults, which allows us to better understand what happening at the NDC
or auxiliary stations when data is not flowing. Nevertheless observations by station operators may be helpful if
somehow all the supporting data is not available. This could enhanced by supporting data that we already have at
NDC. After a study, effective tools and procedures could be developed and applied.

T4.1-P2

Bulgarian NDC and Network – New Achievements and Challenges
I. Popova, L. Dimitrova
National Institute in Geophysics, Geodesy and Geography, Sofia, Bulgaria
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg

The first big steps to bring Bulgarian seismology to digital age was made in the end of 2005 when first data
transfer from each seismic station to Bulgarian data center was fact and the operation seismologist works directly
with digital seismograms. All seismic stations were equipped with 3C broadband seismometers and digitizers
DAS 130 of Reftek, brand of Trimble Inc. Automatic EQ processing is based on SNDM software package. As
fast as possible location, magnitude and depth are performed within 8 minutes. Information for felt EQ as soon
as possible is sent to authority, civil protection and public mas media. For seismic event of interest we provide
information to IDC of CTBTO in Vienna Now the end of 2018 we started with a new step to integrate
Seiscomp3 in seismic data processing in our NDC with modules - scanloc for detection clustering and
association and sceval for Realtime event evaluation

T4.1-P33 Next Generation Power Systems of CTBTO’s International Monitoring
System (IMS)
M. Jusko, J. Robertson
CTBTO Preparatory Commission, Vienna, Austria
Contact: marian.jusko@ctbto.org
With the strong mandate to sustain high annual data availability throughout the network in face of harsh
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
increased resiliency, added redundancy and trusted components, which passed the test of time. The design and
deployment of the next-generation IMS power systems thus creates a window of opportunity to modernize
station design, minimize catastrophic failures at the existing stations, and incorporate the latest technological
advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
period. The next-generation IMS power systems are based on the open system architecture concept, utilizing adhoc selection and substitution of various power sources and power system components derived from the
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in theT4.3
Atmosphere
Enabling Technologies

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Presentations
Federation
2
Barva Innovation Center, Talin, Armenia

T4.3-P2

Contact:
CTBTO
Linkigor.chunchuzov@gmail.com
to the ISC Database

The experimental
results
of studying
the effect
a fine-scale layered structure of a stably stratified atmospheric
D. Storchak,
K. Lentas,
J. Harris,
G. of
Csontos
boundaryInternational
layer (ABL)Seismological
on fluctuations
of
the
parameters
of acoustic
pulses
generated
Centre (ISC), Thatcham,
Berkshire,
United
Kingdomwith a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Contact:
thin layers
of the dmitry@isc.ac.uk
ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses
from
the
source.
It isInternational
shown that the
mechanismCentre
of scattering
of pulse signals
in aand
stably
stratified
The Link to the database of the
Seismological
(ISC) provides
both PTS
National
DataABL is
similar
to
the
mechanism
of
scattering
of
signals
from
ground
surface
explosions
by
layered
nonhomogeneities
Centres a dedicated access to datasets maintained by ISC using specially designed graphical interfaces and
of wind
velocity
and temperature
in the
stratosphere
andthe
lower
thermosphere.
The
role of
similarityofparameter
database
queries.
This service
gives access
to several
products:
ISC/ISS
bulletins of
natural
seismicity
the
place
the dimensionless
thickness
of theexplosions;
reflecting nonhomogeneous
layers,
is the vertical
scale of
Earth, here
mining
induced
events, nuclear
and chemical
the ISC-EHB bulletin
andwhich
the IASPEI
Reference
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
Event list (GT) and ISC Event Bibliography. The database searches are tailored to the needs of the monitoring
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
community and divided into four major categories: the Area based spatio-temporal search (based on ISC
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
Bulletin), the REB based spatio-temporal search (based on specific REB events), the GT event based search and
This
workbased
was supported
by RFBRreporting
N 18-55-05002
the IMS
station
search (historical
patterns of stations close to IMS sites). We recently completed

a major overhaul of the whole system, streamlined the database queries and user interfaces. The service has been
extensively used by the NDCs and PTS and proved useful during a number of CTBTO Exercises.

T1.1-O4

T4.3-P3

Climate Change Through the Eyes of Radioisotopes

L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6

Y
1
CTBTO's
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Products
Belgian
NuclearData
Research
Center (SCK•CEN),
Mol, Belgium
2

CTBTO Preparatory Commission, Vienna, Austria
S.M.A.
3 Shah
Central
Institution
for(NDU),
Meteorology
and Geodynamics
(ZAMG), Vienna, Austria
National
Defense
University
Islamabad,
Pakistan
4
TU Wien Atominstitut, Vienna, Austria
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Contact:
agha_ayub@yahoo.com;syedayubshah@gmail.com
University
of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
A good deal of seismic data is acquired, processed, analysed and stored by CTBTO's IDC. A number of times
CTBTO has issued tsunami
warnings based on its seismic data acquisition systems and sensors deployed
Contact:early
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
across the world. The data products though available can be made more sophisticated in terms of providing preCosmogenic
and sodium-22
known
atmospheric
tracers and
canMechanisms
be used together
analysed
GIS basedradionuclides
products forberyllium-7
disaster impact
estimation are
more
precise
hazard analysis.
Focal
in
a
lock-in
technique
to
effectively
trace
vertical
air
masses
based
on
surface
measurements.
This technique
(Moment Tensors) and waveforms data can also be shared using an open portal platform for public access
at
allows
to seismic
study progression
speed
of atmospheric
Databeside
show providing
that the cells
are decelerating
least for
major
activities. and
It will
augment
available cells.
products
independent
data setduring
for the
summer
which isanalyses
extendingincluding
in time. This
is caused
warming ofAtthepresent,
whole troposphere
andonly
increased
correlation
andperiod
comparative
estimation
of by
uncertainity.
USGS is the
tropopause
height
due
to
rising
CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems
organization producing focal mechanism for events larger than 5 Mw. However, moment tensors and waveform over
with low pressure
gradients
thatwill
led help
to almost
stationary
thunderstorms
are correlated
withhelps
the observed
data ofEurope
an independent
source like
CTBTO
in advancing
related
science. Focal
mechanism
in
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
studying shifting of thrust in active seismic regions and can lead to the most demanded analysis. This can for
confirming
side effects
of climate
change seismicity
while providing
new
modelling
tool
in seasonal
weather
subsequently
lead several
to the formation
of reports
on regional
helpinga in
saving
precious
human
lives and
forecast.
properties. This humanitarian cause falls in line with the moral cause of banning nuclear testing, both aiming at

saving precious human lives.

T1.1-O5 Detection Efficiency of the IMS for Bolides
T4.3-P4 Development
of Gi
Information Technologies at Kazakhstan National Data
P. Brown, N.
Centre
(KNDC)
in Support
ofLondon,
the CTBTO
University
of Western
Ontario,
ON, Canada
Contact:
I. Komarov,
D.pbrown@uwo.ca
Gordiyenko
Kazakhstan National Data Centre, Almaty, Kazakhstan
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
Contact: komarov.i@kndc.kz;igork967@gmail.com
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Kazakhstan National Data Centre (KNDC) is upgrading the automated system of data acquisition and analysis to
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
extend its capabilities, and support the IMS stations and local stations operation to ensure their long term
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
sustainment. The upgrade includes adoption of several contemporary systems and technologies, such as: open
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
source ZABBIX monitoring system, and Proxmox Virtual Environment(Proxmox VE) virtualization system.
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
ZABBIX is a monitoring solution for services of computer network, servers and network equipment. In KNDC,
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
ZABBIX is providing the integrated control of the processes on data acquisition, and its volume from seismic
complete above 15 kT with the automated detection system not having reported at least four airbursts with
and infrasound stations of Kazakhstan network, and from IMS stations, as well as control for physical state of
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equipment
and power systems. Adoption of Proxmox VE virtualization system allows to place on one hardware
Poster Presentations
platform the tens of virtual, isolated container (servers and workstations). This reliable system allows decreasing
the expenditures on creating and maintenance of the park of physical servers and workstations. This system
already provides operation of several servers at KNDC, such as web-server, database server, and ZABBIX
T4.1-P1 system
Troubleshooting
CTBTO Stations
monitoring
server. Adoption Indonesian
of this new technologies
will ensure the high level and quality of KNDC
products and enhance the reliability and stability of information infrastructure operation.
D. Kriswibowo
PT. Mindotama Avia Teknik
Contact: desta1323@gmail.com
Expanding
National Data Centres to Provide High Performance Computing
(HPC)
CTBTO auxiliary
seismic station network in Indonesia has one data center and six auxiliary seismic stations.

T4.3-P5

Each station has different categories requiring troubleshooting. At the NDC we have Power, Communication and
S. Gama
Server problems
requiring troubleshooting. Meanwhile at auxiliary seismic stations we may have Power,
Royal
Technology
Park,
Phocweni,
Communication
and Science
Seismicand
Sensor
problems.
Some
of those Eswatini
problems are independent but others are coupled.
With more andContact:
more data
we can study faults, which allows us to better understand what happening at the NDC
gamasibu@gmail.com
or auxiliary stations when data is not flowing. Nevertheless observations by station operators may be helpful if
Various
are building
National
Data
(NDCs) bytosupporting
consolidate
Information
somehow countries
all the supporting
data is not
available.
ThisCentres
could enhanced
datatheir
that we
already haveand
at
Communication
Technology
and incould
the process
reducingand
costs,
improve efficiencies and security,
NDC. After a study,
effective(ICT)
tools activities
and procedures
be developed
applied.
and stimulate economic growth. The high costs associated with building resilient data centres that meet Tier
III/IV standards pose a challenge in accommodating higher densities making it difficult for such environments to
scale.
These data
centres become
environments
as soon
as they are builtand
as they
can only accommodate
T4.1-P2
Bulgarian
NDClegacy
and Network
– New
Achievements
Challenges
densities of up to about 3 – 5 kW per rack. The high volume of data that is generated every millisecond calls for
dynamic data I.
centres
thatL.will
accommodate mixed densities up to 30kW without costly customization, and to
Popova,
Dimitrova
improve competitiveness
whileinperforming
Performance
Computing
National Institute
Geophysics,High
Geodesy
and Geography,
Sofia,(HPC).
BulgariaThe Royal Science and
Technology Park (RSTP) in the Kingdom of Eswatini is upgrading their National Data Centre to a mixed density
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg
environment to accommodate HPC activities. This research will investigate how to upgrade the current NDC at
RSTP
andbigposition
to participate
global HPCto activities
and
further
CTBT
The first
steps toit bring
Bulgarianinseismology
digital age
was
made toin be
thepart
end of
of the
2005
whenecosystem
first data
supporting
various
research
activities.
transfer from each seismic station to Bulgarian data center was fact and the operation seismologist works directly
with digital seismograms. All seismic stations were equipped with 3C broadband seismometers and digitizers
DAS 130 of Reftek, brand of Trimble Inc. Automatic EQ processing is based on SNDM software package. As
fast as possibleImproved
location, magnitude
performed
8 minutes.ofInformation
forInstruments
felt EQ as soon
T4.3-P6
Methodand
fordepth
the are
Testing
andwithin
Verification
the Sierra
as possible is sent
to
authority,
civil
protection
and
public
mas
media.
For
seismic
event
of
interest
we provide
620S Mass Flow Meter
information to IDC of CTBTO in Vienna Now the end of 2018 we started with a new step to integrate
Seiscomp3 in G.seismic
processing
in our NDC
modules
- scanloc for detection clustering and
Kline, data
B. Hosticka,
E. Tillistrand,
M.with
Wright,
S. Little
association andGeneral
sceval for
Realtime
event evaluation
Dynamics
Mission
Systems, Chantilly, VA, USA

Contact: edward.tillistrand@gd-ms.com
Fluid
flow represents
one of the most
significant
process
variables in an
aerosol sampling
system. The use of
T4.1-P33
Next Generation
Power
Systems
of CTBTO’s
International
Monitoring
mass flow meters
provides
improved
system
control,
easy
maintenance,
and
reduced
environmental
influence.
System (IMS)
To ensure that flowmeters provide accurate data after initial certification and upon equipment replacement, a
rigorous testing
validation
process is critical. The system must include components of the manufacturer’s
M.and
Jusko,
J. Robertson
test procedures,
system
and
station
specific applications,
and verification against a trusted reference. General
CTBTO Preparatory Commission,
Vienna, Austria
Dynamics Mission Systems (GDMS) performed a study of both population deviation in meter measurements and
Contact: marian.jusko@ctbto.org
the effects of operational conditions on meter output. The Sierra 620S population shows good flow relationship
to
the the
differential
pressure tometer
used.
Additionally,
was shown throughout
that meter alignment
is very
forgiving
in
With
strong mandate
sustain
high
annual datait availability
the network
in face
of harsh
relation
to the output
measurement.
For long-term,
consistent
compliance,
GDMS to
hasdesign
developed
environmental,
logistical,
and meteorological
challenges,
it becomes
imperative
powera multi-faceted
systems with
flow
meter
verification
usingandNational
Instrument’s which
LabVIEW
Sierra
increased
resiliency,
addedprocess
redundancy
trusted components,
passedarchitecture,
the test of time.
TheInstruments
design and
verification
and in-house built
and systems
components.
results
are stored
the GDMS
logistics
deployment methods,
of the next-generation
IMStests
power
thus The
creates
a window
of within
opportunity
to modernize
database
in an minimize
easy to read
format and
directly
associated
the and
device
under test.
allows
station design,
catastrophic
failures
at the
existing with
stations,
incorporate
theThis
latestmethod
technological
subsequent
testing
repeatable
with minimum
or deviation;
andtheexpandable
to new
devices.
advancements
at new
installations
or station error
upgrades
as part of
forthcoming
IMSsystems
networkand
recapitalization
period. The next-generation IMS power systems are based on the open system architecture concept, utilizing adhoc selection and substitution of various power sources and power system components derived from the
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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Transmitting live data from a seismic station has a cost. The Observatorio San Calixto (OSC) based in La Paz,
Bolivia, developed aContact:
low cost igor.chunchuzov@gmail.com
(<50US$) solution for 3G live data transmission system, based on a Raspberry Pi,
and a 3G
dongle.
A
homemade
State
of Health
(SoH)ofdaughter
board
connected
on top
the Raspberry
was
The experimental results of
studying
the effect
a fine-scale
layered
structure
of of
a stably
stratifiedPi
atmospheric
designed
to
connect
intrusion,
battery
voltage
and
temperature
sensors.
Miniseed
data
format
is
being
used,
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
based min)
on IRIS
tools.
This detonation
system cansource
thus beareconnected
of off-the-shelf
digitizers.
Data
is stored in the
by an
artificial
presented.with
Themost
vertical
profiles of wind
velocity
fluctuations
locallythin
allowing
for
backfilling
in
case
of
network
shortage,
and
transmission
is
done
through
VPN
to
secure
the
layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals
of
access.pulses
For the
NDC,
a
web-based
graphical
interface
was
developed
to
monitor
of
the
live-SoH
of
each
station,
from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
with charts
and
of the station
history. of
Mail
alertsfrom
are sent
when
a station
is missing
a parameter
is out
similar
to records
the mechanism
of scattering
signals
ground
surface
explosions
by or
layered
nonhomogeneities
of range.
Though
it
cannot
be
used
for
alert
system,
as
it
depends
on
the
mobile
network,
it
is
of
good
help
a
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity as
parameter
complement
of the
CTBTOthickness
network for
research
topics,
and it is easily movable.
This is
system
has been
here place
theexisting
dimensionless
of the
reflecting
nonhomogeneous
layers, which
the vertical
scale of
successfully
deployed
today by
on five
the Bolivian
network. sound velocity and normalized by the vertical
the layer
multiplied
the stations
relative on
difference
in effective
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work
was supported
by RFBR
N 18-55-05002
T4.3-P9
NDC
in the Cloud:
Example
of Performing Seismic Processing in the Cloud

G.A. Macleod, J. MacCarthy, O. Marcillo
Los Alamos National Laboratory, Los Alamos, NM, USA

T1.1-O4

Climate Change Through the Eyes of Radioisotopes

Contact: macleoga@netscape.net;macleod@lanl.gov
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
The capabilities of National
Centers
(NDC)Center
vary greatly
based Mol,
uponBelgium
national resources and infrastructure
BelgianData
Nuclear
Research
(SCK•CEN),
2
but the capacity-building
vision
is to have all
NDCs capable
of obtaining
CTBTO
Preparatory
Commission,
Vienna,
Austria IDC data and performing calculations
3 to the same result regardless of their infrastructure. Cloud computing resources may
and analysis to come
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
provide a path for performing
analysesVienna,
using a Austria
scalable infrastructure located regionally allowing even the
TU Wienthese
Atominstitut,
most resource-poor 5NDCs
to
fully
participate
in
the
CTBT
and Life
advise
their (BOKU),
National Vienna,
Authority
concerning
University of Natural Resources and
Applied
Sciences
Austria
6
events. For another study,
scientists
at
LANL
utilized
Amazon
Web
Services
(AWS)
to
download
a
year’s
worth
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
of U.S. transportable array seismic data (1690 arrays) from IRIS and processed the data in the cloud. The results
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
of the data analysis and
the sorted
data were downloaded to a local PC. This can be viewed as a case study for
what can
be
done
in
remote
or
smaller
NDCs.
The cloud are
services
utilized tracers
for a short
time
Cosmogenic radionuclides beryllium-7
and sodium-22
knownwere
atmospheric
and can
be and
usedthe
together
calculation
power
was
right-sized
to
the
computing
power
and
cost.
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique

allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause
height due tothe
rising
CO2ofconcentrations.
episodes
of persistent
high-pressure
T4.3-P10
Quantifying
State
Health of a Aestival
Detection
System
Remotely
with systems over
Europe with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with the observed
LabPulse
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
J. Zickefoose,
Sullivan
confirming
several sideD.effects
of climate change while providing a new modelling tool in seasonal weather
forecast.Mirion Technologies (Canberra) Inc, Meriden CT, USA

Contact: jzickefoose@mirion.com;jameskzickefoose@gmail.com
A real-time
monitoring
system for
state of health
(SoH)
information
can be an important part of maintaining
T1.1-O5
Detection
Efficiency
of the
IMS
for Bolides
radiological instrumentation in a laboratory, in the field and in remote locations. This session will discuss the
concept of Lab-PulseP.which
is aN.live
Brown,
Gi SoH monitoring system for radiological instrumentation to ensure system
performance, increase
up-time, of
improve
timing
of instrument
maintenance,
University
Western
Ontario,
London, ON,
Canada watch for faults, reduce time to solve
problems, and improve overall system reliability. There are many components of a radiological measurement
Contact: pbrown@uwo.ca
system including detectors, electronics, software, communications, periodic quality checks, and data storage. All
of these
role in
a functional
accurate(airbursts)
system. Lab-Pulse
SoHJPL
data from
sensors
In play
thisa vital
study
wehaving
examined
344 and
bolides
reportedmonitors
on the
CNEOS
website
within(https://cneos.jpl.nasa.gov/fireballs/)
these devices and sensors of the surrounding
that could
influence
instrument
between environment
2007-2018 and
attempt
to correlate
theseperformance.
with infrasound
Tracking
of SoH We
datafound
can help
allbolides
components
are functioning
specifications.
We will
discuss
detections.
206ensure
of these
were detectable
by at within
least one
infrasound station
while
onlythe
42 were
tools used
for
a
modern
SoH
monitoring
system,
and
how
this
data
can
later
be
used
for
advanced
analytics
to this
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However,
find irregularities,
potential
before they
occur,
schedule
and improve
design
of
global REB predict
detection
rate of failures
~10% averaged
from
2007-2018
is maintenance,
less than the "modern"
ratethe
(from
2014-2018)
future which
instruments.
We
will
also
share
our
vision
and
what
we
have
learned
so
far
from
our
system
on
the
approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
instruments
we monitor.
the REB,
while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Temporary Installation of Seismo Wave MB3d with Raspberry Pi at
Nanyang Technological University

T4.1-P1

1
D.
Whilldin1, A. Perttu
, B. Taisne2CTBTO Stations
Troubleshooting
Indonesian
1
Nanyang Technological University, Earth Observatory of Singapore, Singapore
2
D.
Kriswibowo
Nanyang
Technological University, Earth Observatory of Singapore and Asian School of the
PT.
Mindotama Singapore
Avia Teknik
Environment,

Contact:
Contact: desta1323@gmail.com
dwhilldin@ntu.edu.sg;whilldin@hawaii.edu
CTBTO
seismicofstation
network inofIndonesia
has one
dataoncenter
and six of
auxiliary
seismic
stations.
To assessauxiliary
the feasibility
the installation
an infrasound
array
the campus
Nanyang
Technological
Each
station(NTU)
has different
categories
requiringoftroubleshooting.
At MB3d
the NDC
we have Power,isCommunication
University
a temporary
deployment
the Seismo Wave
microbarometers
being designed and
and
Server
requiring
troubleshooting.
at auxiliary seismic
we archiving,
may haveand
Power,
carried problems
out. This system
uses
Raspberry Pi 3Meanwhile
B (RPi) microcomputers
for datastations
collection,
data
Communication
and Seismic
SensorThe
problems.
Some
of those
independent
but others
are coupled.
streaming via Wi-Fi
and Ethernet.
use of RPi
allows
for aproblems
real-timeare
stream
from deployed
sensors
into the
With
and more
we can study
faults,
whichand
allows
us to
understand
what the
happening
at theand
NDC
main more
infrasound
datadata
processing
systems
at NTU
allows
forbetter
comparison
between
NTU sites
the
or
auxiliary infrasound
stations when
is not flowing.
Nevertheless
by stationdata
operators
may be the
helpful
established
sitedata
at MacRitchie
Reservoir.
In orderobservations
to achieve real-time
transmission,
RPi if
is
somehow
theaccess
supporting
is not
available.
This could
supporting
data software.
that we already
at
configuredallto
the data
MB3d
USB
connection
usingenhanced
Ser2net by
and
Earthworm
This have
current
NDC.
After a study,
effective
tools andfor
procedures
be developed
and applied.
configuration
has provided
a solution
temporarycould
deployments,
but there
are limitations that impact its use for
further deployments including high power consumption and reliability relative to other stations. For a practical
and inexpensive solution for easily accessible sites, the RPi has worked well, but these few technical issues keep
it from being an
ideal solution
for and
a permanent
installation.
work is being
to determine if a similar
T4.1-P2
Bulgarian
NDC
Network
– New Further
Achievements
anddone
Challenges
solution can be designed to work with the serial connection for the MB3ds.
I. Popova, L. Dimitrova
National Institute in Geophysics, Geodesy and Geography, Sofia, Bulgaria
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg
The first big steps to bring Bulgarian seismology to digital age was made in the end of 2005 when first data
transfer from each seismic station to Bulgarian data center was fact and the operation seismologist works directly
with digital seismograms. All seismic stations were equipped with 3C broadband seismometers and digitizers
DAS 130 of Reftek, brand of Trimble Inc. Automatic EQ processing is based on SNDM software package. As
fast as possible location, magnitude and depth are performed within 8 minutes. Information for felt EQ as soon
as possible is sent to authority, civil protection and public mas media. For seismic event of interest we provide
information to IDC of CTBTO in Vienna Now the end of 2018 we started with a new step to integrate
Seiscomp3 in seismic data processing in our NDC with modules - scanloc for detection clustering and
association and sceval for Realtime event evaluation

T4.1-P33 Next Generation Power Systems of CTBTO’s International Monitoring
System (IMS)
M. Jusko, J. Robertson
CTBTO Preparatory Commission, Vienna, Austria
Contact: marian.jusko@ctbto.org
With the strong mandate to sustain high annual data availability throughout the network in face of harsh
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
increased resiliency, added redundancy and trusted components, which passed the test of time. The design and
deployment of the next-generation IMS power systems thus creates a window of opportunity to modernize
station design, minimize catastrophic failures at the existing stations, and incorporate the latest technological
advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
period. The next-generation IMS power systems are based on the open system architecture concept, utilizing adhoc selection and substitution of various power sources and power system components derived from the
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere

T4.4 Performance of the Full Verification System

Oral

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation
2
Barva
Presentations Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com

The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric

T4.4-O1
ATM
Challenge
2019of the parameters of acoustic pulses generated with a certain period (1
boundary3rd
layer
(ABL)
on fluctuations

2
min) by C.
anMaurer
artificial1, detonation
source are presented.
The2,vertical
profiles 2of
velocity2 fluctuations in the
J. Kusmierczyk-Michulec
, J. Baré
M. Kalinowski
, P.wind
Bourgouin
1
thin layers
of
the
ABL
have
been
retrieved
using
the
wave
forms
and
travel
times
of the recorded arrivals of
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
2
pulses from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a stably stratified ABL is
CTBTO Preparatory Commission, Vienna, Austria
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
christian.maurer@zamg.ac.at
of wind Contact:
velocity and
temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here
place
the
dimensionless
thickness
of the in
reflecting
nonhomogeneous
which
is the vertical
scale of
Two ATM challenges were successfully
performed
2015 and
2016. However, layers,
they did
not address
the more
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
vertical
practical aspect of estimating radioxenon background at selected IMS stations. This estimation is needed for
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times
of
calibration and performance assessment of the verification system as described in the Treaty. Estimating the
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
radioxenon background is the main goal of the 3rd ATM Challenge. In the frame of multi-model ensemble
This work was supported by RFBR N 18-55-05002
modelling
a training approach will be used to define the optimal set of ensemble members, specific to each
station. Xe-133 stack emission data for the time period June - November 2014 from the IRE (Belgium) and CRL
(Canada) radiopharmaceutical plants will be used as well as estimates for nuclear power plants and research
T1.1-O4
Through the
Eyes
ofNetherlands),
Radioisotopes
reactors.
The annual Climate
emissions Change
from the Mallinckrodt
facility
(The
the NIIAR facility (Russia) and
the Karpov Institute (Russia)1 will also be considered
to refine
The ultimate 5goal of the atmospheric
2
3 predictions.
4
6
L. Terzi is, M.
Kalinowski
, G. Wotawa
, P.ofSaey
, M. Schoeppner
T. Hoffman
transport modelling exercise
to provide
an ensemble
analysis
radioxenon
background, I.levels
at IMS stations
1
Belgian
Nuclear
Research
(SCK•CEN),
Mol,
Belgium
frequently impacted 2by
industrial
emissions.
TheCenter
presentation
will deal
with
the design and development of the
CTBTO
Preparatory
Commission,
Vienna,
Austria
exercise scenario. First
results
will
be
shown
if
already
available.
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
T4.4-O2 International
Monitoring
and ON,
Screening
Health Canada,
RadiationSystem's
ProtectionDetection
Bureau, Ottawa,
Canada Capability in

Australia

Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
T. Pejic
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Geoscience Australia, Canberra, Australia
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
tanja.pejic@ga.gov.au
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
The completeness
and accuracy
of the
CTBT
Reviewed Event
Bulletin
(REB)
is assessed
in the Australian
tropopause height
due to rising
CO2
concentrations.
Aestival
episodes
of persistent
high-pressure
systems over
regionEurope
throughwith
comparison
with
a
local
bulletin.
We
compare
the
REB
to
Australia’s
National
Earthquake
Alerts
low pressure gradients that led to almost stationary thunderstorms are correlated with the
observed
Centredeceleration
(NEAC) bulletin
for
all
events
in
Australia
between
May
23rd
and
December
31st
2018.
Australia
is an for
of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators
intra-plate
tectonicseveral
environment
and asofsuch
experiences
aroundproviding
100 magnitude
earthquakes
year. The
confirming
side effects
climate
change while
a new 3modelling
toolevery
in seasonal
weather
continent
is
also
home
to
a
multitude
of
mining
facilities
and
NEAC’s
seismologists
locate
mining
blast
events
forecast.
daily and, where possible, confirm these events with local mines. The bulletins are compared to quantitatively
show the IMS performance in a setting with sparse station coverage; the benefits of using 3D travel times in
Australia and how well the REB events are screened. In addition the contribution of the NET-VISA bulletin to
T1.1-O5
Detection
Efficiency
of the IMS
for Bolides
the REB
is examined.
Both feedback
and suggestions
are provided,
not only on the performance improvement
but also on the NET-VISA’s prior probability distribution functions.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

T4.4-O3

pbrown@uwo.ca
NearContact:
Real-Time
Monitoring of the IMS Event Detection Capability

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
T. Kværna
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Norwegian Seismic Array (NORSAR), Kjeller, Norway
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Contact:
tormod@norsar.no
automatically
registered
as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
The primary
seismic network
of the International
Monitoring
System (IMS)
forms
backbone
of the
which approaches
20%. Above
the 1 kT CTBTO
design threshold,
we find
thatthe
40%
of airbursts
areCTBT
reported in
verification
regime.
The
average
event
detection
capability
of
the
primary
seismic
network
is
estimated
be > 2
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with to
energy
withinkT
thereported
range mb
3.1
to
3.4
for
the
northern
hemisphere,
and
between
mb
3.4
and
3.7
for
the
southern
on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
hemisphere.
However,
it is
that the detection
canhaving
vary significantly
with four
timeairbursts
during with
complete
above 15
kTunderstood
with the automated
detection threshold
system not
reported at least
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situationsPresentations
such as high station
Poster

noise levels, large earthquakes or outages of key stations. The continuous
threshold monitoring method was developed to address the temporal and spatial variability in network detection
capability, and an operational implementation has been running at the International Data Center for several
years. The current system provides hourly averaged estimates of the three-station detection capability, as well as
T4.1-P1
Stations
the point-wise Troubleshooting
maxima (worst-case)Indonesian
for each hour.CTBTO
Recent advances
in computer technology has allowed for
increased temporal and spatial resolution in the calculations, as well as new graphical presentation options of
D. Kriswibowo
capability estimates. Additionally, the steadily increasing IDC event database is used to obtain higher accuracy
PT. Mindotama Avia Teknik
and improved uncertainty estimates. We will in this presentation demonstrate new approaches and applications
Contact:
desta1323@gmail.com
of the threshold
monitoring
method for continuous assessment of IMS performance.
CTBTO auxiliary seismic station network in Indonesia has one data center and six auxiliary seismic stations.
Each
station
has different categories requiring troubleshooting. At the NDC we have Power, Communication and
Poster
Presentations
Server problems requiring troubleshooting. Meanwhile at auxiliary seismic stations we may have Power,
Communication and Seismic Sensor problems. Some of those problems are independent but others are coupled.
With more and more data we can study faults, which allows us to better understand what happening at the NDC
T4.4-P1 A Framework for Performance Optimization
or auxiliary stations when data is not flowing. Nevertheless observations by station operators may be helpful if
somehow all the
data is not available. This could enhanced by supporting data that we already have at
N. supporting
Kyriakopoulos
NDC. After a study,
effective
tools University,
and procedures
could beDC,
developed
George Washington
Washington,
USA and applied.

Contact: kyriak@gwu.edu
The verification
systems described
in Network
arms control
treaties
are the products
negotiations that involve
T4.1-P2
Bulgarian
NDC and
– New
Achievements
andofChallenges

compromises. As a result, the end product may not be optimal. Nevertheless, the associated technical
Popova,
L. Dimitrova
organizations I.are
expected
to provide assurances that information generated through monitoring will be
National
Institute in Geophysics,
and Geography,
Sofia, Bulgaria
sufficient to detect
non-compliance.
To evaluateGeodesy
the performance
of a verification
system, one needs to take into
account not only
the
associated
technologies
and
methodologies,
but
also
the
constraints
imposed by each treaty.
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg
These limit the types and number of measurements that can be performed as well as the outcomes of the analyses
The
first
big steps data.
to bring
seismology
to digital
was made
the end of 2005
when
first data
of the
monitoring
ThisBulgarian
paper presents
a framework
forage
optimizing
theinperformance
of treaty
verification
transfer
seismic
to Bulgarian
datacontrol
center was
fact that
and the
operationmonitoring,
seismologistverification
works directly
systems.from
It is each
based
on thestation
observation
that arms
treaties
incorporate
and
with
digital seismograms.
were
equipped
withConsequently,
3C broadband
andtechniques
digitizers
enforcement
of complianceAll
are seismic
in effectstations
feedback
control
systems.
theseismometers
approaches and
DAS
130evaluating
of Reftek,such
brand
of Trimble
Inc.applicable
AutomatictoEQ
is based on
SNDMUsing
software
package.
used in
systems
are also
theprocessing
treaty verification
systems.
the CTBT
as As
an
fast
as
possible
location,
magnitude
and
depth
are
performed
within
8
minutes.
Information
for
felt
EQ
as
soon
example of a feedback control system, the paper will emphasize the measurement, analysis and evaluation
as
possible isfor
sent
authority,
civil protection
and public
mas media.
seismic
event ofininterest
we provide
components
thetopurpose
of identifying
potential
improvements
and For
inherent
limitations
their performance
information
to IDC of
CTBTO
in Vienna
within the constraints
imposed
by the
treaty. Now the end of 2018 we started with a new step to integrate
Seiscomp3 in seismic data processing in our NDC with modules - scanloc for detection clustering and
association and sceval for Realtime event evaluation

T4.4-P2

An Assessment of XSEL Bulletin as Produced Through the Cross
Correlation Technique
T4.1-P33 Next Generation Power Systems of CTBTO’s International Monitoring
F.K. Alamneh,
System
(IMS)G. Graham

CTBTO Preparatory Commission, Vienna, Austria
M. Jusko, J. Robertson
Contact: fkalamneh@gmail.com;fekadu.kebede@chello.at
CTBTO Preparatory Commission, Vienna, Austria
An assessmentContact:
of the Cross
Correlation bulletin (XSEL) was performed for two data days in October 2018. 208
marian.jusko@ctbto.org
and 449 events were used for REB and XSEL bulletins, respectively. The objectives were: 1) investigate XSEL
With
the strong
mandate
to sustain
annual
throughout
thedata
network
faceXSEL
of harsh
new events;
and 2)
assess the
quality high
of XSEL.
Fordata
the availability
first objective,
waveform
for thein244
new
environmental,
logistical, and
meteorological
imperative
to design
power
systems
with
events were investigated.
Of these
10 (4.1%) challenges,
were foundittobecomes
build legitimate
events.
For the
second
objective
increased
resiliency,
addedwere
redundancy
andMatched
trusted components,
which
passed
test of time.
design
and
REB and XSEL
bulletins
compared.
and unmatched
events
werethe
identified
basedThe
on the
number
deployment
of
the
next-generation
IMS
power
systems
thus
creates
a
window
of
opportunity
to
modernize
of common defining phases (≥ 2) and the arrival time differences between common phases (≤ 6 sec). Events not
station
minimize catastrophic
failures
at the existing
and incorporate
theunmatched
latest technological
meetingdesign,
these conditions
are considered
as unmatched
events.stations,
The number
of matched,
REB and
advancements
at new
or 324
station
upgrades
as part of
the forthcoming
IMS network
unmatched XSEL
wereinstallations
125, 83 and
events,
respectively.
About
61% of the matched
eventsrecapitalization
have location
period.
The<next-generation
systemsbetween
are based
on the open
system
architecture
concept,
addifference
1 deg. ArrivalIMS
timepower
differences
common
phases
showed
that in most
casesutilizing
they were
hoc
selection
andXSEL
substitution
of various
powerindicate
sourcesthat
andthepower
components
from the
picked
earlier in
than in REB.
The results
Cross system
Correlation
techniquederived
needs additional
environmental
demands
and of
logistical
restrictions
thecreate
station
location.
purpose-built,
criteria to reduce
the number
bogus and
new seedpresent
events;atand
proper
arrivalThese
time picks
to produceyeta
standardized
power
systems thus
adapt
to the site-specific input and output requirements, without requiring
bulletin that can
be comparable
to the
REB.
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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for Modeling Infrasound
Propagation
Scattering
the Atmosphere
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Austria 1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
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ChunchuzovCommission,
, S. Kulichkov
, V. Perepelkin
1
A.M.
Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact:
gustavo.haquin@ctbto.org;gustavo@soreq.gov.il
Federation
On-Site Inspection 2 Barva
(OSI) Innovation
capabilitiesCenter,
comprising
inspection methodology, equipment and techniques
Talin, Armenia
development, training of surrogate inspectors and infrastructure, have been considerably developed within the
Contact: igor.chunchuzov@gmail.com
framework of the comprehensive
OSI Action Plan 2016-2019 approved by State Signatories. The application of
variousThe
techniques
including
data
analyses the
andeffect
integration
is at the layered
heart ofstructure
an OSI. Field
exercises,
conducted
experimental results of studying
of a fine-scale
of a stably
stratified
atmospheric
on a regular
basis,
are
a
true
testing
ground
for
the
application
of
OSI
technologies
close
to
real-life
conditions.
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
In 2016,
thebyPreparatory
Commission
ambitiousThe
OSIvertical
Exercise
Plan including
the conduct
of three in the
min)
an artificial
detonation approved
source areanpresented.
profiles
of wind velocity
fluctuations
Build-up
Exercises
(BUE)
covering
all
inspection
phases,
aimed
at
validating
key
deliverables
of
the
Action
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded Plan
arrivals of
projects.
Twofrom
fieldthe
BUEs
willItbeisheld
in Slovakia
in 2020, with
– for the first
time signals
– aspects
all 17 stratified
inspectionABL is
pulses
source.
shown
that the mechanism
of scattering
of pulse
in of
a stably
techniques
permitted
under the of
Treaty
being of
exercised.
Preparation
and conduct
of such
major nonhomogeneities
undertaking
similar
to the mechanism
scattering
signals from
ground surface
explosions
by alayered
requires
both
close
coordination
with
the
host
country
and
support
from
States
Signatories.
Surrogate
inspectors
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity
parameter
will participate
Inspection
Team thickness
or Inspected
State
Party members.
The poster
provides
an is
overview
of the
here placeasthe
dimensionless
of the
reflecting
nonhomogeneous
layers,
which
the vertical
scale of
objectives
and scope
of the by
BUEs,
on preparations
for this
PTS-wide
and elaborates
the layer
multiplied
the information
relative difference
in effective
sound
velocityendeavour
and normalized
by theon
vertical
inspection
activitiesThe
andeffect
techniques
that
shall be tested. on the temporal fluctuations of the azimuth and arrival times of
wavelength.
of such
inhomogeneities

the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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T1.1-O4
Climate
Through
the Eyes
of Kenya
Radioisotopes
National
CouncilChange
for Science
& Technology,
Nairobi,
1
L. Terzi
, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
Contact:
opiyomakakech@gmail.com;opiyoj@ymail.com
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
Experience gained through
capacity
building
activities ofVienna,
the CTBTO
CTBTO
Preparatory
Commission,
Austriain the use of IMS data and IDC products
3
has greatly influenced
many Institution
developingfor
countries
to introduce
policy measures
to Vienna,
support Austria
and invest in the
Central
Meteorology
and Geodynamics
(ZAMG),
4 the CTBTO through science, technology and innovation. The participation of more states
verification regime of
TU Wien Atominstitut, Vienna, Austria
5
parties through workshops,
training's,
on line
modules
has Life
greatly
strengthened
deployment
University
of Natural
Resources
andetc.
Applied
Sciences
(BOKU),the
Vienna,
Austria of the
CTBTO verification 6technologies
and
similar
technologies
for
civil
and
scientific
gains.
Kenya
hosts
two IMS
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
stations as part of the verification regime of the CTBTO. Besides that the government has also invested in
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
similar technologies Contact:
throughout
the country to capture smaller events which are not necessarily recorded by the
globalCosmogenic
networks. This
has
helped
to integrate
monitoring
functions
into thetracers
national
radionuclides beryllium-7
andtreaty
sodium-22
are known
atmospheric
and operations
can be usedand
together
procedures
to
enhance
performance.
The
aim
of
this
study
therefore
is
to
highlight
the
measure
put
placetechnique
to
in a lock-in technique to effectively trace vertical air masses based on surface measurements.inThis
enhance
and
optimize
the
performance
of
IMS
stations
and
the
local
networks
and
its
impact
on
the
performance
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
of the summer
NDC, and
the social
of the
local communities
participation.
period
whichand
is economic
extending livelihood
in time. This
is caused
by warmingnearby
of thethrough
whole troposphere
and increased

tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
T4.4-P5
Effective
Management
of OSIThis
Equipment
and
deceleration
of atmospheric
cell movement.
demonstrates
thatSoftware
7Be and 22Na can be used as indicators for
confirming several side
effects
of
climate
change
while
providing
a new modelling tool in seasonal weather
1
1
, P. Labak1, G. Malich1, M.A. Nasri1, C. Smith1, A. Lobo2,
forecast.A. Rowlands ,2 A. Campbell
O. Shabelnyk , N. Steric2
1
CTBTO Preparatory Commission, Vienna, Austria
2
Zuehlke Engineering, Austria

T1.1-O5

Detection Efficiency of the IMS for Bolides

Contact: aled.prys.rowlands@ctbto.org
P. Brown, N. Gi
The On-Site Inspection
Divisionofhas
long-operated
off-the-shelf
asset management system to record and track
University
Western
Ontario, an
London,
ON, Canada
items. While such systems have their place, the need for cross platform integration and Treaty specific
Contact:
pbrown@uwo.ca
considerations has led
to the development
of a bespoke system for managing OSI equipment and software that is
fully integrated
with
other
OSI
data
management
systems.(airbursts)
The systemreported
is in lineonwiththe
the standard
operating
In this study we examined 344 bolides
JPL CNEOS
website
procedure
on
equipment
certification,
which
includes
equipment
authentication,
calibration,
testing
and
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
certification
for OSI
arewere
employed
to record
items as they
move
around
detections.
We deployment.
found 206 ofRFID
these tags
bolides
detectable
by at and
leasttrack
one infrasound
station
while
onlythe
42 were
Equipment,
Maintenance
and
Storage
Facility
in
Seibersdorf
and
also
out
of
the
facility
for
maintenance,
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
training,
testing
anddetection
exercise rate
purposes.
Theaveraged
system incorporates
the concept
alternative
configurations
meet
global
REB
of ~10%
from 2007-2018
is less of
than
the "modern"
rate (fromto 2014-2018)
a particular
OSI
capability
e.g.,
the
airborne
multi-spectral
system
is
comprised
of
up
to
five
sensor
systems
that
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported
in
can bethe
installed
on different
airframes
i.e.,
several different
configurations
of All
the airbursts
same sensors.
The > 2
REB, while
more than
90% are
detectable
at one orpossible
more infrasound
stations.
with energy
systemkThierarchically
current site
status
and2007
logs have
all activities
performed
on an individual
itemthe
or system
reported on identifies
the JPL fireball
since
been detected
infrasonically.
However,
REB is only
and provides
a
ticketing
interface
for
preventative
and
reactive
maintenance.
It
is
a
browser-based
system
and is with
complete above 15 kT with the automated detection system not having reported at least four airbursts
fully deployable for OSI activities.
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T4.4-P6
High-Density Configuration Experiment of Noble Gas Measurement Systems
Poster Presentations
in Japan
G. Beziat1, M. Kalinowski1, N. Ìnoue1, J. Kusmierczyk-Michulec1, J. Baré1, A. Gheddou1,
2
2
Indonesian
CTBTO
Stations
, T. Yutaka
P.Troubleshooting
Bourgouin1, Y. Yoichi
1
CTBTO Preparatory Commission, Vienna, Austria
2D. Kriswibowo
Japan Atomic Energy Agency, Japan
PT. Mindotama Avia Teknik
Contact: guillaume.beziat@ctbto.org
Contact: desta1323@gmail.com
In early 2018, two mobile noble gas measurement systems were deployed and have started measurement at
CTBTO auxiliary seismic station network in Indonesia has one data center and six auxiliary seismic stations.
Horonobe
andhas
Mutsu
in Japan.
Together
with atroubleshooting.
third mobile system
will
deployed
Fukuoka, Japan,and
in
Each station
different
categories
requiring
At thethat
NDC
webehave
Power,atCommunication
spring
2019,
and
the
operating
IMS
noble
gas
system
at
station
RN38,
Takasaki,
Japan,
this
creates
a
highServer problems requiring troubleshooting. Meanwhile at auxiliary seismic stations we may have Power,
density
configuration
of nobleSensor
gas measurement
systems.
Theproblems
objectiveare
of independent
this configuration
is toare
generate
a
Communication
and Seismic
problems. Some
of those
but others
coupled.
database
of
detections
which
will
be
used
to
develop
and
test
methods
for
better
understanding
the
contributions
With more and more data we can study faults, which allows us to better understand what happening at the NDC
of
sources
from
across
Contributions
from these
sources are
observed
IMS
station
or known
auxiliary
stations
when
dataEurasia.
is not flowing.
Nevertheless
observations
by frequently
station operators
mayat be
helpful
if
RN38. The high density configuration will provide a framework to test and optimize source location algorithms
somehow all the supporting data is not available. This could enhanced by supporting data that we already have at
and to better understand level C episodes, specifically at JPX38. The three mobile noble gas measurement
NDC. After a study, effective tools and procedures could be developed and applied.
systems used in this experiment and their operation are externally funded. The planned duration of this
experiment is two years.

T4.1-P1

T4.1-P2

Bulgarian NDC and Network – New Achievements and Challenges

T4.4-P7

National
Data
Centre Preparedness Exercise 2017 - Exploring Real IMS
I. Popova, L.
Dimitrova
National
in Geophysics,
Geodesy and Geography, Sofia, Bulgaria
Data
forInstitute
Casual
Connections

Contact:
J.O.
Ross,ilianapopova79@yahoo.com;iliana79@abv.bg
N. Gestermann, L. Ceranna
Federal
Institute
for Geosciences
andtoNatural
(BGR),
The first big steps to bring Bulgarian
seismology
digitalResources
age was made
in Hannover,
the end ofGermany
2005 when first data
transfer from each
seismic
station to Bulgarian data center was fact and the operation seismologist works directly
Contact:
ole.ross@bgr.de
with digital seismograms. All seismic stations were equipped with 3C broadband seismometers and digitizers
The
of NPE
2017of was
to enhance
the use EQ
of real
IMS data
an IDC
productssoftware
and services
in the
DASobjective
130 of Reftek,
brand
Trimble
Inc. Automatic
processing
is based
on SNDM
package.
As
everyday-work
NDCs.magnitude
Starting point
of three
proposed independent
NPE Information
2017 tasks for
were
real
fast as possible of
location,
and depth
are performed
within 8 minutes.
feltselected
EQ as soon
radionuclide
The tasks
of NPE
2017 did
necessarily
require
identification
the real
of
as possible isdetections.
sent to authority,
civil
protection
and not
public
mas media.
Forthe
seismic
event ofof
interest
wesource
provide
radionuclide
emissions
which
were
generating
the
detections.
The
idea
of
this
exercise
was
to
deal
with
the
information to IDC of CTBTO in Vienna Now the end of 2018 we started with a new step to integrate
hypothetical
bridging
radionuclide
waveform
Task for
A was
on Level
C detections
Seiscomp3 in
seismicbetween
data processing
in detections
our NDCand
with
modulesevents.
- scanloc
detection
clustering
and
of
the
gamma-spectroscopic
noble
gas
system
of
RN29
with
events
in
the
source
region
generating
association and sceval for Realtime event evaluation
hydroacoustic arrivals at IMS stations. Task B was a series of beta-gamma coincidence measured radioxenon
detections at RN04 and RN46 in November 2017. The question related to source localization by backward
atmospheric transport modelling and source characterization by means of isotopic ratio analysis. Task C dealt
T4.1-P33
Generation
Power
Monitoring
with
a Level 5Next
particulate
detection at
RN63 Systems
which had of
justCTBTO’s
by chance inInternational
its field of regard
a series of powerful
System
(IMS)
explosions of an
ammunition
depot with many seismo-acoustic recordings in. Thus the NPE 2017 tasks covered
all IMS technologies and could be used by participants as suggestions for detailed review.
M. Jusko, J. Robertson
CTBTO Preparatory Commission, Vienna, Austria
Contact: marian.jusko@ctbto.org
Quality
Assessment of REB Through Comparison with NEIC Bulletin for the
Month
of
2018
With the strong mandate September
to sustain high
annual data availability throughout the network in face of harsh

T4.4-P8

environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
F.K. Alamneh,
G. Graham,
Jonathan
increased resiliency,
added redundancy
andE.trusted
components, which passed the test of time. The design and
CTBTO
Preparatory
Commission,
deployment of the next-generation IMS power Vienna,
systemsAustria
thus creates a window of opportunity to modernize
station design,Contact:
minimizefkalamneh@gmail.com;fekadu.kebede@chello.at
catastrophic failures at the existing stations, and incorporate the latest technological
advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
The
quality
of the IDC REB
assessed
byare
comparing
international
bulletin
viz.,utilizing
NEIC. adTo
period.
The next-generation
IMSwas
power
systems
based on it
thewith
openan
system
architecture
concept,
accomplish
the
task,
NEIC
(NEIC
located
events)
and
IDC
REB
events
for
the
month
of
September
2018
were
hoc selection and substitution of various power sources and power system components derived from the
utilized.
Duringdemands
this period,
and restrictions
2976 eventspresent
were considered
for NEIC
andThese
IDC, purpose-built,
respectively. The
environmental
and 2268
logistical
at the station
location.
yet
comparison
performed
BULCMP
software to identify
matched
unmatched without
events ofrequiring
the two
standardizedwas
power
systemsusing
thus the
adapt
to the site-specific
input and
outputand
requirements,
bulletins.
results
that deployed
a total ofat1444
be matched
between
the The
two high
bulletins.
extensive The
redesign
andshowed
cost when
other events
stationscould
throughout
the IMS
network.
degreeThe
of
97.0%aswhile
the percentage
of events
percentage
of matched
events
with location
difference (D)
<future
1o is about
standardization
simplifies
installation,
maintenance
and
upgrades
components
can
be
freely
about 0.1%.
Thelife
percentage
of matched
events
intersecting error ellipses is 18.2%. There
with
D ≥ 5o isthroughout
interchanged
their
cycle without
impacting
the without
overall system.
were 18 events with magnitude (M) ≥ 4.0 and D ≥ 2o. Of these events, waveform investigation showed that the
locations of 11 events were closer to the NEIC solutions. 13 unmatched NEIC events with M ≥ 4.0 were found
during the comparison. Waveform investigation for these events revealed that 1 REB and 4 LEB only events
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were legitimate
events. The
results showed
that
data should
utilized not
to miss and
T1.1-O3 LEB/REB
Atmospheric
Boundary
Layer
asavailable
a Laboratory
for be
Modeling
Infrasound
mislocate events. Propagation and Scattering in the Atmosphere
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov
Institute of Atmospheric
Physics,Level
Russian
of Science, Moscow, Russian
T4.4-P9 Quantifying
Uncertainties
and Confidence
inAcademy
ATM Simulations
Federation
2
1
2
Barva
Innovation
Talin, Armenia
C. Maurer
, D.
Arnold1,Center,
P. Bourgouin
1
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
Contact: igor.chunchuzov@gmail.com
2
CTBTO Preparatory Commission, Vienna, Austria,
The experimental
of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Contact: results
christian.maurer@zamg.ac.at
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
The main
of artificial
the CTBTO
Preparatory
Austria
is to establish
a globalfluctuations
verification in the
min) task
by an
detonation
sourceCommission,
are presented.Vienna,
The vertical
profiles
of wind velocity
regimethin
to monitor
with been
the Comprehensive
Treaty
(CTBT).
Commission
has
layers ofcompliance
the ABL have
retrieved usingNuclear-Test-Ban
the wave forms and
travel
times The
of the
recorded arrivals
of
developed
atmospheric
transport
modelling
pipeline
in order to
source-receptor-sensitivity
pulsesanfrom
the source.
It is shown
that the(ATM)
mechanism
of scattering
of produce
pulse signals
in a stably stratified ABL is
(SRS)similar
fields totothe
indicate
possible
source regions
forfrom
potential
radionuclides
(RN)nonhomogeneities
related to
mechanism
of scattering
of signals
groundreleases
surface of
explosions
by layered
hypothetical
actual detections
at RN stations.
CTBTO mainly
uses ATM
guidance in
backward
mode to link
a
of windorvelocity
and temperature
in the stratosphere
and lower
thermosphere.
The
role of similarity
parameter
measurement
from
IMS station tothickness
a possible
location.nonhomogeneous
However, ATM islayers,
also used
in forward
mode to
here place
theandimensionless
ofsource
the reflecting
which
is the vertical
scale of
predictthedetections
related tobya the
potential
Different
ATM
systems
generallybyproduce
layer multiplied
relativeradioactive
differencerelease.
in effective
sound
velocity
andwill
normalized
the vertical
different
solutions The
because
a) of
thesuch
inputinhomogeneities
meteorological on
fields
different,
b) the transport
and dispersion
models
wavelength.
effect
theare
temporal
fluctuations
of the azimuth
and arrival
times of
are different
or configured
and c)
is specified
differently.
CTBTO
in Acknowledgement:
collaboration
the signals
is studied. differently,
The estimation
of the source
error interm
localization
of pulsed
sources
is given.
with Zentralanstalt
Meteorologie
undNGeodynamik
This work wasfuer
supported
by RFBR
18-55-05002(ZAMG), under funding from European Union Council
Decisions VII, has initiated a project to study the impact of different meteorological input coming from an EPS
to better estimate the source location and to quantify the level of confidence. This presentation will describe the
projectT1.1-O4
and present initial
results.
Climate
Change Through the Eyes of Radioisotopes
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear
Research in
Center
Mol,Modelling
Belgium
T4.4-P10 Quantifying
Uncertainties
the (SCK•CEN),
Atmospheric
(ATM) Simulations
2
CTBTO Preparatory Commission, Vienna, Austria
Resulting
from Different Emission Time Resolution
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
1 Vienna, Austria
TU Wien Atominstitut,
J. Kusmierczyk-Michulec
, B. Deconninck2, M. Kalinowski1, E. Hoffmann3
5
1
University
of Natural
Resources
and Applied
CTBTO
Preparatory
Commission,
Vienna,
Austria Life Sciences (BOKU), Vienna, Austria
6
2
Health
Canada, Radiation
Bureau, Ottawa, ON, Canada
Institute
for Radioelements
- IRE,Protection
Fleurus, Belgium
3
The Australian
Nuclear
Science
and
Technology
Organisation (ANSTO), Lucas Heights,
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Australia
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Contact: jolanta.kusmierczyk-michulec@ctbto.org
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study
progression
and(IMS)
speed developed
of atmospheric
DataPreparatory
show that the
cells are decelerating
during the
The International
Monitoring
System
by thecells.
CTBTO
Commission,
Vienna, Austria
summer
which
is extending
in time. stations,
This is caused
warming
of the whole
troposphere seismic,
and increased
(CTBTO)
is aperiod
global
system
of monitoring
using by
four
complementary
technologies:
tropopause
height due
rising CO2 concentrations.
Aestival
episodes
of persistent
high-pressure
systems
hydroacoustic,
infrasound
andtoradionuclide.
The radionuclide
network
comprises
80 stations,
of which more
than over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
60 are certified. These radionuclide stations provide global monitoring of radioactive aerosols and radioactive
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
noble gases supported by atmospheric transport modelling (ATM) to allow detected radioactivity to be attributed for
confirming
several
side
effectsthat
of the
climate
while providing
a newemission
modelling
in seasonal
weather
to a source.
Recent
studies
suggest
ATMchange
performance
using different
timetool
resolutions
is not
forecast.
significantly
different. The availability of emission data for IRE (Belgium) and ANSTO (Australia) for the full
year of 2014 gave an opportunity to verify the aforementioned statement for different atmospheric conditions.
For the purpose of this study, the simulated activity concentrations of Xe-133, calculated using four different
emission
time resolutions
(daily,
half-daily,of3the
hours
hour), were compared with the available
T1.1-O5
Detection
Efficiency
IMSand
for1Bolides
measurements collected by the IMS noble gas stations influenced by these facilities.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact:
T4.4-P11 Successes
in pbrown@uwo.ca
Improving Data Availability to RN Station with Long Term
Issues
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and attempt
to H.
correlate
these with infrasound
W. Hamani, N. Mascarenhas,
A. Wiens,
C. Johannsen,
H. Tatlisu,
Komiyama,
detections.
We
found
206
of
these
bolides
were
detectable
by
at
least
one
infrasound
station
while only 42 were
N. Meral Özel
automatically
registered
as
part
of
the
Reviewed
Event
Bulletin
(REB)
issued
daily
by
CTBTO.
However, this
CTBTO Preparatory Commission, Vienna, Austria
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Contact: wacel.hamani@ctbto.org
which approaches
20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the
REB,
while
more
than 90%
are detectable
one problems
or more infrasound
stations.
All airbursts
withThese
energy > 2
Some RN stations and for years
suffered
from longatterm
that affected
their data
availability.
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REB
problems were temporarily fixed and were reappearing after a certain time. The strategy of dealing with theseis only
complete
above
kT with
the cause
automated
detection
system
not having
at least where
four airbursts
long term
issue was
to 15
identify
the root
and try
to tackle.
The poster
presentreported
various stations
a good with

219

3

Theme 4: Performance Optimization

CTBT: Science and Technology 2019

diagnostic
of the root cause and proper and prompt measures were taken leading to a successful restoration of the
Poster Presentations
data availability. The examples presented are KWP40 in Kuwait City, Kuwait. KIP39 in Kiritimati Kiribati,
MXP44 in Guerrero Negro, Mexico, PTP53 in Ponta Delgada, Portugal and TZP64 in Dar es Salaam, Tanzania.

T4.1-P1

Troubleshooting Indonesian CTBTO Stations

T4.4-P13 The
CTBTO/PTS Operations Centre
D. Kriswibowo

PT. Mindotama Avia Teknik
M. Villagran-Herrera, T. Taylor
Contact:Preparatory
desta1323@gmail.com
CTBTO
Commission, Vienna, Austria

CTBTO auxiliary
seismic
station network in Indonesia has one data center and six auxiliary seismic stations.
Contact:
Mario.Villagran-Herrera@ctbto.org
Each station has different categories requiring troubleshooting. At the NDC we have Power, Communication and
The
Operations
(COPC)
of the Provisional
Technical
Secretariatseismic
(PTS) of
the Preparatory
Server
problemsCentre
requiring
troubleshooting.
Meanwhile
at auxiliary
stations
we may Commission,
have Power,
Vienna,
Austria
(CTBTO)
is
a
facility
where
the
International
Monitoring
System
is
supervised
by staff
and is a
Communication and Seismic Sensor problems. Some of those problems are independent but others
are coupled.
potential
deployment
location
for
an
ad
hoc
On-Site
Inspection
Operations
Support
Centre
(OSI-OSC).
The
With more and more data we can study faults, which allows us to better understand what happening at the NDC
COPC
is a contemporary
of the
International
Data observations
Centre (IDC)by
Operations
Centre. may
The be
new
facility
or auxiliary
stations when version
data is not
flowing.
Nevertheless
station operators
helpful
if
provides
integrated
environment
supporting
the technical
of the PTS
and we
a workbench
somehow an
all the
supporting
data is notfor
available.
This could
enhancedteams
by supporting
data that
already havefor
at
development
sustainable
while in preparation
for Entry
Force of the Treaty. The COPC
NDC. After a of
study,
effectiveoperations
tools and procedures
could be developed
andinto
applied.
provides a centralized focus for monitoring and oversight of all PTS Operations and Maintenance (O&M)
activities. The COPC ensures that: IT infrastructure is functional; IMS (authenticated) raw data reaches the IDC
within Data Availability Specifications; continuous automatic data processing; data and products are distributed
T4.1-P2
Bulgarian
and Network
NewtoAchievements
and Challenges
in
timely fashion;
necessaryNDC
corrective
actions are –taken
maintain data quality
and efficient cost-effective
network operations.
It
provides
timely
reporting
on
the
overall
performance
and
operational
status of the IMS
I. Popova, L. Dimitrova
verification system
and
provides
a
location
for
the
core
ad
hoc
OSI-OSC.
National Institute in Geophysics, Geodesy and Geography, Sofia, Bulgaria
Contact: ilianapopova79@yahoo.com;iliana79@abv.bg
The first big steps to bring Bulgarian seismology to digital age was made in the end of 2005 when first data
transfer from each seismic station to Bulgarian data center was fact and the operation seismologist works directly
with digital seismograms. All seismic stations were equipped with 3C broadband seismometers and digitizers
DAS 130 of Reftek, brand of Trimble Inc. Automatic EQ processing is based on SNDM software package. As
fast as possible location, magnitude and depth are performed within 8 minutes. Information for felt EQ as soon
as possible is sent to authority, civil protection and public mas media. For seismic event of interest we provide
information to IDC of CTBTO in Vienna Now the end of 2018 we started with a new step to integrate
Seiscomp3 in seismic data processing in our NDC with modules - scanloc for detection clustering and
association and sceval for Realtime event evaluation

T4.1-P33 Next Generation Power Systems of CTBTO’s International Monitoring
System (IMS)
M. Jusko, J. Robertson
CTBTO Preparatory Commission, Vienna, Austria
Contact: marian.jusko@ctbto.org
With the strong mandate to sustain high annual data availability throughout the network in face of harsh
environmental, logistical, and meteorological challenges, it becomes imperative to design power systems with
increased resiliency, added redundancy and trusted components, which passed the test of time. The design and
deployment of the next-generation IMS power systems thus creates a window of opportunity to modernize
station design, minimize catastrophic failures at the existing stations, and incorporate the latest technological
advancements at new installations or station upgrades as part of the forthcoming IMS network recapitalization
period. The next-generation IMS power systems are based on the open system architecture concept, utilizing adhoc selection and substitution of various power sources and power system components derived from the
environmental demands and logistical restrictions present at the station location. These purpose-built, yet
standardized power systems thus adapt to the site-specific input and output requirements, without requiring
extensive redesign and cost when deployed at other stations throughout the IMS network. The high degree of
standardization simplifies installation, maintenance and future upgrades as components can be freely
interchanged throughout their life cycle without impacting the overall system.
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Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
Propagation and Scattering in the Atmosphere
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Climate Change Through the Eyes of Radioisotopes
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
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2
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3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T1.1-O5

Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
3
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Conventional
wisdom has long held that North Korea would quite likely be the most difficult case among the
Oral Presentations
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
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argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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endogenous and exogenous dynamics. Despite a plethora of propositions for strengthening the NPT the
international community and the academy have paid little attention to the Comprehensive Nuclear-Test-Ban
Treaty (CTBT) as a viable NPT stabilizer. This is puzzling for two reasons. First, the prospect of the CTBT
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rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
Treaties like the Comprehensive Test Ban Treaty (CTBT) create binding obligations on States once they enter
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
into force: for example, the obligation not to engage in nuclear weapons testing. But under international law,
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
customs can also create binding obligations. Although the CTBT has yet to enter into force, does it nevertheless
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
strengthen the formation of a customary law prohibition on nuclear testing? What are possible risks and impacts
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
T5.1-P8
The Development of Arms Control Agreements and Arrangements
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers
of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
S. Choi
pulses from
the source.
It is
that the
mechanism
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Georgia
Institute
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Atlanta,
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similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
suon.choi@gmail.com
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publications and citation data from the year 1956 to 2019, this study explores who is doing what in the field,
when, where and with what implications. The analysis includes comparisons of countries, organizations,
authors,
and fields Climate
of study, Change
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T1.1-O5

Detection Efficiency of the IMS for Bolides
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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North Korea and the CTBT

T5.2 Experience
with and Possible Additional Contributions
E.M. Ifft
Stanford
USA
to Issues
ofUniversity,
GlobalCA,Concern
such as Disaster Risk Mitigation,
Contact:
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Climate
Change
Studies and Sustainable Development Goals

Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
Oral Presentations
previously
believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
CTBT would be a logical and effective early step for North Korea, in what looks to be a long and difficult
process
to a broader
political
settlement.
This could be Diplomacy
accompanied Through
by North Korea’s
for, and
T5.2-O1
CTBTO
for UN
2030: Empowering
Sciencesupport
in South
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
Asia
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
guide the orderly
and 1verifiable
R. Neog
, A. Jha2 transition of North Korea to a Non-Nuclear Weapon State and party to the
1
CTBT.
Institute of Peace and Conflict Studies (IPCS), Delhi, India
2
Environment Consultant, World Bank

Contact: ruheeneog@gmail.com
Poster Presentations
This project proposal will consider the instrumentalisation of diplomacy through scientific investigation to
strengthen support for the Comprehensive Nuclear-Test-Ban Treaty (CTBT) and its verification regime. It will
T5.1-P3
CTBT
Entrythrough
into Force:
Breaking
the Stalemate
look
at CTBT
ratification
a step-by-step,
non-traditional
security approach by showcasing the
International Monitoring System’s (IMS) civilian potential and its benefits to a country’s security objectives,
S. Ullah
whether it is tsunami warnings off India's southern coast or landslides in the Himalayas. It will involve a
Center for International Strategic Studies, Islamabad, Pakistan
demonstration of how states that have pledged to the UN 2030 Agenda on Sustainable Development can be
incentivised toContact:
translatesufianullah@gmail.com
intent into action by utilising information from the IMS’ radionuclide, hydroacoustic
and infrasound technologies for climate change and disaster risk knowledge and monitoring. It will attempt to
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
document
learnings and benefits accruing to neighbouring states that host IMS stations on data use for
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
environment
and climate change monitoring that are of relevance to India given the geo-physical similarities.
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
The
objective reality of the scientific benefits of CTBTO resources for a country's sustainable development
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
goals
will be instructive in making the the foreign policies of those that oppose the CTBT more politically
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
aligned with it, with the eventual goal of contributing to narrative change in South Asia.
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
T5.2-O2
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analyzed
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sources of hydro-acoustic signals. There are more than 4 Cyclones in the Indian Ocean annually and combined
with the local Contact:
seismic stations
they are now able to track the cyclones path like the accurately spotted 22/12/18
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Tsunami wave . Previous research shows IMS capacity to detect whales and other species . Annual Whale
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More
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the
role
of
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effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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The purpose of this Contact:
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to investigate the potentiality for a geothermal system that could be in place in
the locality of Las Trincheras-Mariara, Carabobo State, Venezuela. In the context of, CTBT and the Sustainable
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wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Hazard Mitigation Analysis of the Anak Krakatau Eruption and Its
Tsunami (22 December 2018)
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2
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Krakatau volcano formed
as impact
of Indo-Australian
and Eurasian plate activity during millions years. It’s
TU Wien
Atominstitut,
Vienna, Austria
5
located at Sunda strait,
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Java
and
Sumatra
islands.
KrakatauLife
volcano
was(BOKU),
erupted in
1883, Austria
with eruption
University of Natural Resources and Applied
Sciences
Vienna,
scale estimated 30 6times
atomic
bombs
of
Hiroshima
and
Nagasaki.
The
eruption
cause
more
than 36.000
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
casualties and generate tsunami with maximum run-up around 30 meter in Java and Sumatra. The devastating
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
eruption in 1883 made
Krakatau
volcano collapse. The top of Krakatau volcano destroyed and cause new
smaller volcano appear that called Anak Krakatau volcano. Every year, Anak Krakatau volcano spouting
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
volcanic ash on small scale and grows 0.5 meter in average per month. On 22 December 2018 occurred eruption
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
Anak Krakatau volcano that generate large tsunami in Banten and Lampung and cause hundreds casualties.
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Based on Geospatial Information Agency of Indonesia (BIG), tsunami arrived in the land on 21:30 local time.
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
We made analysis and simulation by difference origin time (OT) of Anak Krakatau eruption and tsunami arrival
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
to proposed a tsunami early warning for local people in Banten and Lampung. We used the CGJI (InaTEWS)
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
and LEM (CTBTO) seismic sensors in this research.
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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Infrasound Monitoring of Active Volcanoes at Local and Regional Scale

E. Marchetti1, A. Le Pichon2, M. Ripepe1, P. Campus1, J. Vergoz2, G. Lacanna1
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Infrasound has greatContact:
potentialspbrown@uwo.ca
to monitor ongoing volcanic explosive eruptions at source-to-receiver distances
up to 1000s of km. However, while at short distances (< few 10s km) its operational use is feasible and well
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
demonstrated, at long range its efficiency is still debated, mostly because of time varying propagation effects
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
and the ubiquity of infrasound signals produced by multiple sources. We present infrasound array analysis of
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
eruptive activity at Etna volcano, Italy, performed at local (< 10 km) and regional distances (> 500 km) and
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
apply detection algorithm to identify in real-time ongoing eruptions. We show how frequency-dependent semiglobal REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
empirical relationships derived from parabolic equation simulations coupled with realistic atmospheric profiles
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
allows to correct for attenuation and reconstruct the pressure time history with great accuracy. This allows
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
applying the same threshold parameters defined for the local array. We show how regional arrays at distanced of
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
>1000 km are able to pick eruptive activity of Etna with an efficiency of 87% and no false alerts. Considering
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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the latency of North
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time, we show that remote infrasound detection of eruptive activity
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would be available before the actual notification, thus opening new perspective of real-time volcano monitoring
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at regional scale.
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Amplifying the Impact of CTBTO Data for Emergency Response and

Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
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aims to magnify the impact of this data by exploring new relationships between the CTBTO and social media
CTBT.
platforms that include crisis and emergency response programs, which often have a broader and more immediate

reach than governments or NGOs in the face of disasters. Specifically, we will first identify the range of
incidents Presentations
that the IMS system is capable of monitoring and exactly how this monitoring can bolster emergency
Poster
response planning. Subsequently, we will identify accessible and high-impact platforms with which the CTBTO
can partner, such as the Twitter Alerts program or Facebook’s emergency safety check. We expect the layering
of CTBTO IMS data, social media, and crisis response tools to enhance the efficiency of emergency response
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ground. In turn, this could enrich ongoing climate change and natural disaster monitoring efforts being
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Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
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This scenario calls for exploring innovative ideas on how to convince abstaining states
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power plants are playing a key role in supplying their countries’ electricity, the employment of this energy in a
peaceful splitting is synonyms with sustainable development which is the other takes into account the current
needs of the community without touching the rights of future generations but this link must take into account the
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Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
Vieira Barros,
J. Carvalho
step back fromB.theNeri,
moreL.rigorous
Additional
Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Seismological
Observatory,
of Brasilia,
Brazil with 'disarmament verification' having
Forces Treaty underlines the importance University
of verification
of treaties,
become a buzzword
in the
framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
Contact:
brandowlee@outlook.com;brandowleeneri@gmail.com
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
TheNPT
dam in
break
of to
thework
Fundao
Novemberwould
5th 2015,
theinmunicipality
of Mariana,context,
Minas Gerais
State,
the
trying
out dam
whaton
verification
look in
like
a nuclear disarmament
but also
for
produced
the
worst
environmental
disaster
ever
observed
in
Brazil.
A
huge
mud
flow
destroyed
a
nearby
town,
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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T1.1-O3
Atmospheric
Layer
as a Laboratory
for Modeling
causing
19 deaths and
leaving a trailBoundary
of destruction
as it advanced
along the Doce
River up toInfrasound
the ocean for
680km. This flood Propagation
of slurry resulted
a lack of potable
and challenging environmental impacts.
andinScattering
in the water
Atmosphere
Moreover, one hour before the dam1 break, four small
events with M2.5 occurred
approximately 21 km from the 2
1
I. Chunchuzov
, S. Kulichkov
, V. Perepelkin1, O.seismicity.
Popov1, A.
Vardanyan
, G. Ayvazyan
dam. This occurrence
renewed Brazil’s
interest in reservoir-triggered
Since
then, inspections
have
1
A.M. Obukhov
Institute
of Atmospheric
Physics,
Russian
Academy
Science, Moscow,
Russian
been intensified on mining
companies
that have
tailings dam,
especially
regarding
theoffollow-up
of technical
Federation
safety standards and2 handling
of toxic material. The surveillance process has become increasingly important in
Innovation
Center, Talin,
particular during the Barva
monitoring
of detonations
in theArmenia
quarries since they can trigger fractures and / or weak
zones and increase the
failure igor.chunchuzov@gmail.com
rate of the dams. The explosions in mines produce seismic and infrasonic signals
Contact:
and this work aims to verify the synergy between the seismic and infrasonic technologies using data of the
TheIMS
experimental
results
studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Brazilian
stations PS07
andofIS09.
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
T5.2-O10
The CTBTO and Goal 11: Using the IDC to Make Cities Safer and More
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Inclusive
Through
Disaster
Preparedness
Laws
(CTBTxSDGs
Innovation
similar to
the mechanism
of scattering
of signals
from ground
surface
explosions by layered
nonhomogeneities
Y
Challenge)
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless
thickness
of the reflecting nonhomogeneous layers, which is the vertical scale of
2
Gautam1, N.
Zhurina
the layerB.
multiplied
by
the
relative
difference
in effective sound velocity and normalized by the vertical
1
Georgetown
University
Law School, Washinghton,
DC, fluctuations
USA
wavelength.
The
effect
of
such
inhomogeneities
on
the temporal
of the azimuth and arrival times of
2
Trade
Promotion
Office
of
Peru
to
the
Russian
Federation,
Moscow,
Russian
Federation
the signals is studied. The estimation of the error in localization of pulsed
sources
is given.
Acknowledgement:
This work
was supported
by RFBR N 18-55-05002
Contact:
bmg81@georgetown.edu;gautam.brenna@gmail.com
Our project seeks to explore how the IDC can be incorporated into disaster preparedness laws, to promote safer
and more sustainable cities in furtherance of SDG 11. Noting that disasters disproportionately affect slums, we
T1.1-O4
Climate
theaffected
Eyes of
Radioisotopes
will also
explore how
advocatesChange
for slum Through
upgrading and
communities
can utilize IDC data as evidence
1 preparedness laws.
2
3
4
5 preparedness laws
to advocate for moreL.
inclusive
First,
we
will
determine
whether
disaster
in
Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner
, I. T. Hoffman6
affected and at-risk 1countries
include
a
component
of
risk
detection
and
early
warning
systems.
We
will
then
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
assess how the IDC2 CTBTO
can serve
as a resource
to strengthen
riskAustria
detection and early warning provisions—for
Preparatory
Commission,
Vienna,
3 moment magnitude estimates to predict disaster risk. Based on this assessment, we will
example, by utilizing
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
propose ways to explicitly
reference
the IDC
in disaster
preparedness laws through model legislation. As an
TU Wien
Atominstitut,
Vienna,
Austria
5
attachment to our model
law,
we
will
include
recommendations
onLife
howSciences
slum upgrading
and affected
University of Natural Resources and Applied
(BOKU),advocates
Vienna, Austria
6
communities can utilize
IDC
data
in
urban
risk
assessments,
to
advocate
for
more
inclusive
preparedness
laws.
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Specifically, we will explore how seismic hazard maps, combined with slum mapping by organizations like the
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
World Bank and UN,Contact:
can better
assess risk.
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
T5.2-O11
Link
the Sendai
Framework
fortheDisaster
Risk
allows toThe
studyInvisible
progression
and Between
speed of atmospheric
cells.
Data show that
cells are decelerating
during the
summer Reduction
period which and
is extending
in
time.
This
is
caused
by
warming
of
the
whole
troposphere
and increased
CTBT
tropopause height due 1to rising CO22concentrations.3 Aestival4 episodes of persistent
high-pressure
systems over
2
3
O. Necmioğlu
, G.gradients
Wotawathat
, A.led
Michelini
, G.
Iley , D.thunderstorms
Arnold Ariasare
, G.correlated
Forlenzawith
Europe with
low
pressure
to
almost
stationary
the observed
1
Bogazici
University,
Istanbul,
Turkey
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
for
2
Central
Institution
for Meteorology
and Geodynamics
(ZAMG),
Vienna,
Austria
confirming
several
side
effects
of
climate
change
while
providing
a
new
modelling
tool
in
seasonal
weather
3
forecast.4 Istituto Nazionale di Geofisica e Vulcanologia (INGV), Rome, Italy
UK Met Office, Exeter, United Kingdom

Contact: ocal.necmioglu@boun.edu.tr

T1.1-O5

Detection Efficiency of the IMS for Bolides

Natural disasters are increasing in frequency and intensity, becoming extreme and complex and have been
affecting many countries
over recent
P. Brown,
N. Gi years. The need for a modern, multi-hazard, disaster response system to
strengthen the national
and collective
ability
to prevent
and prepare
for emergencies is evident. Early warning is
University
of Western
Ontario,
London,
ON, Canada
a major component of disaster risk reduction with the potential to prevent loss of life and reduce the economic
pbrown@uwo.ca
and material impactsContact:
of disasters.
The Sendai Framework for Disaster Risk Reduction 2015-2030 recognizes the
benefits
multi-hazard
places (airbursts)
them in one reported
of its sevenon
global
EU Civilwebsite
In of this
study early
we warnings
examinedsystems
344 and
bolides
thetargets.
JPL The
CNEOS
Protection
Mechanism
plays
a
key
role
in
coordinating
the
response
to
disasters
in
Europe
and
beyond
through
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with
infrasound
its Emergency
Response
Coordination
Centre.
ARISTOTLE-European
Natural
Hazard
Scientific
Partnership
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Project,
funded by the
European
Directorate-General
for(REB)
Humanitarian
Aid by
andCTBTO.
Civil Protection
automatically
registered
as Commission’s
part of the Reviewed
Event Bulletin
issued daily
However, this
and relying
on
a
solid
partnership
with
expertise
in
volcanoes,
earthquakes,
tsunamis,
severe
weather,
flooding
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from
2014-2018)
and forest
has been
launched
the EUCPM
ERCC in
natural
disasterare
impact
whichfires,
approaches
20%.
Abovetothesupport
1 kT CTBTO
designand
threshold,
wetheir
find global
that 40%
of airbursts
reported in
assessment.
Thiswhile
presentation
will90%
focus
how the ARISTOTLE-ENHSP
functions
andAll
how
the CTBTO
data > 2
the REB,
more than
areon
detectable
at one or more infrasound
stations.
airbursts
with energy
can assist
multi-hazard
early
thus
support
Sendai
Framework.
kT reported
on the
JPLwarning
fireballsystems,
site since
2007
havethe
been
detected
infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T5.1-O3
North Korea and the CTBT
Poster Presentations
T5.2-P1

E.M. Ifft
Stanford University, CA, USA

Activities of the Ghana Nuclear Data Centre (NDC)

Contact: emifft@yahoo.com
Y. Serfor-Armah
Conventional wisdom
has long
held that
North Korea
would quite likely be the most difficult case among the
Ghana Atomic
Energy
Commission,
Ghana
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
yawserfor@yahoo.com
the Presidents Contact:
of the U.S.,
South Korea and North Korea may make this achievement less distant than
previously
believed.
In
view
of
Korea’s
willingness
to give up
its nuclear
it would Energy
not be
The National Data Center inNorth
Ghana
was stated
established
in February,
2010
at the weapons,
Ghana Atomic
logical
for
it
to
refuse
to
join
the
CTBT
and
insist
on
preserving
a
right
to
test
such
weapons.
At
least
signing
Commission. The Center is mandated to collate seismic, radionuclide, infrasound and hydroacoustic data the
for
CTBT
would
be a logical
and effective
early peace.
step for
North
in what
looks
be a long country
and difficult
monitoring
nuclear
test explosions
for global
The
data Korea,
are obtained
from
our to
neighboring
Cote
process
broader
politicalData
settlement.
couldThe
be objectives
accompanied
byData
North
Korea’s
support
for, and
d’Ivoire to
anda the
International
Center inThis
Austria.
of the
Center
include
the following:
participation
in,
the
activities
of
the
CTBTO,
including
verification.
Lessons
from
the
negotiation
of
earlier
arms
receive and use data from the International Monitoring System (IMS) stations and products derived from
the
control
agreements,
as
well
as
from
the
cessation
of
the
former
Soviet
Union’s
nuclear
testing
program,
can
help
IMS from the International Data Center for verification and compliance of the Comprehensive Nuclear-Testguide
the orderly
verifiable
transition
of North Korea to a Non-Nuclear Weapon State and party to the
Ban Treaty
and forand
disaster
mitigation
studies.
CTBT.

Poster
T5.2-P4Presentations
Contributions to Issues of Global Concern such as Disaster Risk Mitigation
T5.1-P3

A. Ouedraogo
Centre National de la Recherche Scientifique et Technologique (CNRST), Ouagadougou, Burkina
CTBT
Faso Entry into Force: Breaking the Stalemate

S.
Ullah ouedraogoabdou.akeem@gmail.com
Contact:
Center for International Strategic Studies, Islamabad, Pakistan
The data of IDC, properly interpreted may predict or prevent some disasters. An earthquake for example, starts
Contact:
sufianullah@gmail.com
with annunciators
signals
before the event itself. The objective of this study is to show that in areas of high
tsunami
risk
it
is
often
possible
to give alert
or make
emergency
evacuation
IDC
data. Inofadditoin,
the
Despite differences on nuclear weapons
as being
thean
cause
of unending
arms using
race or
linchpin
deterrence,
infrasound
stations
of
the
CTBTO
can
detect
the
entry
of
a
meteorite
in
the
atmosphere
and
estimate
its
probable
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
dropofpoint
helpingyet
to hardest
take emergency
measures.
The presentation
will
be based
two concrete
cases.
one
the oldest
fought items
on disarmament
agenda.
Given
theiron
perceived
security
interests and

diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
undermines
prospects
global Context:
disarmament
that are Scenario
already marred
T5.2-P5 theCTBT
in of
Global
Nepal's
Y by differences on mutually agreeable
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
D.R.S. Shah mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
to get into legally-binding
Kathmandu,
Nepal
region orientedTribhuvan
approach University,
may prove useful
in finding
solution to the global problem. Through verifiable legally
binding bilateral,
or
even
multilateral,
agreements
on
non-testing
of nuclear weapons, the goal of CTBT may be
Contact: emiratescity964@gmail.com
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
Nepal isagreement
a non-nuclear
weapon
As of
a peace
loving country
hasappear
already
signed Nuclear Nonbilateral
with India,
the state.
prospects
this graduated
regional Nepal
approach
bright.
Proliferation Treaty (NPT) in 1970 and a signatory of the CTBT in 1996 with the commitment of using nuclear
techniques in improving human health, world's peace, prosperity and security and not for military purposes. In
this run, Nepal has also become a member state of UN's body, the IAEA for the peaceful use of nuclear
T5.1-P4
Leveraging the CTBT's Verification Provisions for Promoting Entry-Intoapplications in the country. The 'Nuclear Law of Nepal' has been drafted with cooperation of the IAEA which is
Force
currently in the
parliamentary process for approval and that will open the door for the extensive use of nuclear
applications for the benefit
of the country. In the other hand, Nepal is surrounded by several nuclear installations
M. Hoell1, Y. Woo2
of neighboring1 European
countries and
remains in the threat of nuclear weapons menace and nuclear accidents that may
Leadership Network, London, UK
occur in its neighborhood.
The
early ratification of the treaty should be in priority to maintain world's peace and
2
Hudson Institute, Washington, DC, USA
prosperity. Moreover, CTBTO has proposed for hosting an Auxiliary Seismic Station to be established in the
Contact:
Mt. Everest of
Nepal. mhoell@outlook.com
I will share how Nepal can use the IMS data for disaster risk and climate change
mitigation.
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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T1.1-O3
Atmospheric
Layer
as 6:
a Laboratory
for Modeling
Infrasound
T5.2-P6
CTBT
TechnologyBoundary
for Securing
SDG
Ensure Availability
and Sustainable
Propagation
and Scattering
in thefor
Atmosphere
Management
of Water
and Sanitation
All
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.D. García
VazquezInstitute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
A.M. Obukhov
NaturalFederation
más allá del agua S.A.S. de C.V., Durango, Mexico
2
Barva Innovation Center, Talin, Armenia
Contact:
agnigarcia95@gmail.com
Contact:
igor.chunchuzov@gmail.com
The experimental
results of studying
the(CTBT)
effect ofwas
a fine-scale
layered
structure
of a stably
stratified
atmospheric
The Comprehensive
Nuclear-Test-Ban
Treaty
adopted by
the United
Nations
General
Assembly
in
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
New York on 24 September 1996. The international Monitoring System is a global network of facilities for
min)evidence
by an artificial
detonation
source
are presented.
profilesstations
of windand
velocity
fluctuations in the
detecting
of possible
nuclear
explosions.
WithThe
321vertical
monitoring
16 radionuclide
thin layers
of the
have
beenseismic,
retrievedhydroacoustic
using the wave
and travel
times of technologies,
the recorded arrivals
of
laboratories
around
the ABL
world,
using
andforms
infrasound
monitoring
the
pulses is
from
It is shown
that the
mechanism
scattering
of pulseorsignals
a stably
stratified
commission
ablethetosource.
locate energy
released
by an
explosionofcaused
by nuclear
naturalinevents
taking
placeABL is
similar to
the mechanism
of signals
ground
explosions
nonhomogeneities
underground,
underwater
or in of
thescattering
atmosphere.
In 22 from
countries,
thesurface
water stress
level by
is layered
above 70
per cent,
of wind
velocity
and temperature
the stratosphere
lower thermosphere.
Thewater
role of
similarity
parameter
indicating
the strong
probability
of futureinwater
scarcity, if and
any nuclear
testing is given,
would
be in risk
here radioactive
place the dimensionless
thickness
the reflecting
layers,
which is the
vertical
scale of
of having
waste. Protecting
our of
water
is key to nonhomogeneous
achieve SDG 6 The
International
Data
Center
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
processes the data collected by the IMS as soon as they reach Vienna, and through a National Data Centre,vertical
wavelength.
The effect
ofUnited
such inhomogeneities
on theand
temporal
fluctuations
of the azimuth
andbearrival
times of
provide
technical advice
to the
Nations Commission
the competed
authorities.
Therefore
part on
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
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T5.2-P8 Earthquake Tectonics, Sustainability of Cities and Infrastructure, Seismic
T1.1-O4
Climate
Changeand
Through
the Eyes
of Radioisotopes
Hazard
Assessment
Mitigation.
A Case
Study in North-East of
1
2
3
Azerbaijan
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey4, M. Schoeppner5, I. T. Hoffman6

1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
Y. Aliyev,
M. Aliyev
2
CTBTO
Preparatory Commission, Vienna, Austria
Geology
3 and Geophysics Institute, Azerbaijan National Academy of Sciences, Baku, Azerbaijan
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria

4
TUyasharaliyev87@mail.ru
Wien Atominstitut, Vienna, Austria
Contact:
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
The worldwide-known
seismic
hazardRadiation
assessment
methodsBureau,
and approaches
areCanada
regenerated according to the
Health
Canada,
Protection
Ottawa, ON,
modern seismic requirements. Strong earthquakes cause numerous human losses and infrastructure damages.
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Earthquakes are a threat to the sustainability of the cities, critical facilities, oil-gas pipeline, terminals, dams and
others.Cosmogenic
The existence
of oil and
gas pipelines
is important
Azerbaijan
for intensifying
the be
economy,
radionuclides
beryllium-7
and sodium-22
are to
known
atmospheric
tracers and can
used together
strengthening
oil
and
gas
potential,
also
politically
and
strategically
in
the
Caucasus.
The
regional
main
oil and
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This
technique
gas pipelines
pass
through
seismicand
active
areas
(Georgia, Turkey)
in line
withthat
thethe
seismically
north-east
allows to
study
progression
speed
of atmospheric
cells. Data
show
cells are active
decelerating
during the
part ofsummer
Azerbaijan.
objective
of theinproject
is tois estimate
seismic
hazard
the north-eastern
part increased
of
periodThe
which
is extending
time. This
caused by
warming
of thein whole
troposphere and
Azerbaijan
with the
use of
multi-parametric
integrated
methods
considering
the importance
of national
tropopause
height
duemodern
to rising
CO2 concentrations.
Aestival
episodes
of persistent
high-pressure
systems over
strategic
objects
andlow
facilities
to gradients
the economical
development
of the country
which might
sustainability
a
Europe
with
pressure
that led
to almost stationary
thunderstorms
are lose
correlated
with theasobserved
result deceleration
of earthquakes.
The outcomecell
is movement.
to estimate This
seismic
activity andthat
plot
models
of seismic
based
on for
of atmospheric
demonstrates
7Be
and 22Na
can behazard
used as
indicators
the configuration
the multi-parametric
values and
makewhile
advises
on establishing
early-warning
system
in the
confirming of
several
side effects of climate
change
providing
a new modelling
tool in
seasonal
weather
country.
forecast.

T5.2-P9
Economic
UsesEfficiency
of Previous
Grounds (Semipalatinsk Test Site) Y
T1.1-O5
Detection
of Nuclear
the IMSTest
for Bolides
M. Kariuki
P. Brown, N. Gi
Jomo Kenyatta
Agriculture
and Technology,
UniversityUniversity
of WesternofOntario,
London,
ON, CanadaJuja, Kenya
Contact:
karingakariuki@gmail.com;karinga.moses2017@students.jkuat.ac.ke
Contact:
pbrown@uwo.ca
This project
is aimed
alternative
waysbolides
in which(airbursts)
previous nuclear
test sites
In this
studyat analyzing
we examined
344
reported
on can
thebe used
JPL economically
CNEOS website
and be(https://cneos.jpl.nasa.gov/fireballs/)
beneficial in the long run. Any methods
have to
take into consideration
thatthese
radiation
on
between
2007-2018
and attempt the
to effects
correlate
withhasinfrasound
life. Therefore
usedofshould
be ablewere
to detectable
minimize by
human
contact
with these
areas.while
Theonly
work
detections.techniques
We found 206
these bolides
at least
one infrasound
station
42 were
compromises
the following
steps:
firstofreview
the levelsEvent
of radiation
being
emitted
from
the area, However,
second, this
automatically
registered
as part
the Reviewed
Bulletinstill
(REB)
issued
daily
by CTBTO.
reviewglobal
the amount
of radiation
withaveraged
or without
protection
lastly
the "modern"
economic rate
activity
that2014-2018)
can
REB detection
ratedosage
of ~10%
from
2007-2018
is determine
less than the
(from
be used.
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T5.2-P12 North
How National
Young
Academies Can Help CTBTO Implementing Relevant
T5.1-O3
Korea and
the CTBT
Sustainable Development Goals

E.M. Ifft
Stanford
University, CA, USA
A. Traore
Direction emifft@yahoo.com
des Systèmes Informatique de l’Université cheikh Anta Diop de Dakar (UCAD),
Contact:
Senegal
Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
Contact: alassanemeister@gmail.com;alassane2.traore@ucad.edu.sn
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the
of the
U.S., South
Korea
and national
North Korea
make can
thissupport
achievement
less distant
TheyPresidents
are numerous
examples
of ways
in which
young may
academies
the processes
of testthan
ban
previously
Inopportunities
view of NorthtoKorea’s
willingness
to giveNations
up its nuclear
weapons,
it would
not be
monitoring,believed.
including
supportstated
the work
of the United
Commission
Human
Resources
logical
it toTechnology.
refuse to joinAthe
CTBT and
insist on
preserving
right to
test suchand
weapons.
At least
signing
Scienceforand
voluntary
national
work
plan in ashort,
mid-term
long term
period
can the
be
CTBT
would
a logical
and effective
early step for
what
looks to
a long
and scientific
difficult
performed
to be
support
the exchange
of knowledge
and North
ideas Korea,
betweeninthe
CTBTO
andbethe
broader
process
to a broader political settlement. This could be accompanied by North Korea’s support for, and
community.
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
guide the orderly and verifiable transition of North Korea to a Non-Nuclear Weapon State and party to the
T5.2-P13 Identification of Mass Movements Using the CTBTO IMS Data: SeismoCTBT.

Acoustic Technology

A. Baciyunjuze Gloire
Poster Presentations

University of Nairobi, Kenya
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Force: Breaking
the flows,
Stalemate
In densely populated
mass
such as debris
landslides, and rock falls have been for a

long period ofS.time
subjects that so many engineers, both practitioners and researchers have been focused on,
Ullah
trying to figure
out how
they can be detected
mitigated.
The losses
caused by these hazards are generally
Center
for International
Strategicand
Studies,
Islamabad,
Pakistan
spectacular, often destructive and sometimes murderous. Generally, mass movements are preceded by the
sufianullah@gmail.com
propagation ofContact:
characteristic
seismic and acoustic waves in low-frequencies (< 20Hz), roughly audible to
humans. Beyond their scope of continuously monitoring Nuclear explosions, the 150 seismic and 48 infrasound
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
sensors of the CTBTO IMS are capable of traveling efficiently through the earth surface, screening out the
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
entire planet in 40 hours, and detecting pre and post soundings or shakings related to a particular event.
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
Combining infrasound and seismic data has appeared to be one of the very powerful tools that can be used to
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
detect, towards
characterize,
and entry
extract
from
of mass
movements
in order
up
sincere
Treaty’s
intoquantitative
force. Thisinformation
stalemate has
not signals
only halted
any progress
on the
Treatytobutsetalso
early
warning
systems
(EWSs)
for
a
sustainable
risk
management.
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable

mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
T5.2-P14
CTBTO
and
NDCtointo
the NNNREP
as a Tool
for legally
region
orientedIntegrating
approach maythe
prove
useful inIMS
finding
solution
the global
problem. Through
verifiable
binding bilateral,
or
even
multilateral,
agreements
on
non-testing
of
nuclear
weapons,
the
goal
of
CTBT
may be
Enhancing Radiological Emergency Response and Preparedness in Nigeria
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
A. Ibrahim
bilateral agreement
with India, the prospects of this graduated regional approach appear bright.
Nigerian Nuclear Regulatory Authority, Abjua, Nigeria
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Force

2
The National M.
Nuclear
Radiological
Emergency Response Plan (NNREP) describes the capabilities,
Hoell1,and
Y. Woo
responsibilities1 European
and authorities
of
government
international
agencies. It also provides a conceptual basis for
Leadership Network,and
London,
UK
integrating the2 Hudson
activities
of
these
agencies
to
protect
public
health and safety.The CTBTO International
Institute, Washington, DC, USA
Monitoring System verification technologies, together with the data, technologies and products of the
Contact:
mhoell@outlook.com
International Data
Centre,
have potential civil and scientific applications which can provide significant benefits
to
States
and
the
international
scientific community.These work is is to integrate CTBTO capabilities into the
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
NNREP
in
collaboration
with
the
National Data Center and other National agencies like the Nigerian Geodesy
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
and Geodynamics Agency, to help detect radionuclides and to provide results on radionuclide air concentrations
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
from the CTBTO global monitoring network and related expertise; as well as advice on atmospheric transport
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
and dispersion predictions as a result of a nuclear and radiological accident . If these capabilities are enhanced
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
and integrated in to the NNREP it would go a long way to protect public health and safety through the useful
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
information's provided to the emergency response organizations in Nigeria as stipulated in the NNREP from the
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
relevant
stations. to arms control verification should be leveraged not only for strengthening
argue
thatIMS
themonitoring
CTBT's contribution

the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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2
CTBTO Preparatory Commission, Vienna, Austria
Usage of data from seismic
stations of the unique network of the CTBTO can be very useful for seismologists to
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
derive realistic information
about the earth’s core and layers. Especially contribution of the stations at
4
TU Wien Atominstitut, Vienna, Austria
teleseismic distances5 (>1000 km) is significant for each country. As a result of such studies, realistic urban
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
transformations and6 immediate emergency responses can be obtained. Therefore, sustainable cities and
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
communities can be achieved which is the 11th goal of the sustainable development. Moreover, living in strong
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
buildings both secures
lives and
lets people to continue to live in their homes during secondary events. In
addition, immediate interference after a disaster can save health and supply well-being, contributing to the 3th
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areeveryone
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very
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the four the sustainable
development
goals. high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
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N. Gi
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In the last 500 years, more than 75 tsunamis have been documented in the Caribbean and the adjacent regions.
Contact:
pbrown@uwo.ca
Since 1842, 3446 deaths
associated
with tsunami waves have been reported. Since the mid-1990s, UNESCO’s
Intergonvernmental Oceanographic Comission has focused on the development of a tsunami warning system for
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
the Caribbean (von Hillebrand-Andrade, 2013), enabling many countries in the region to implement warning
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
systems, including the National Seismological Service and Tsunami Warning Center of Venezuela manage by
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
FUNVISIS. The main objective is the inclusion of the Caribbean tsunami warning centers and NDCs to the
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
CTBTO disaster warning initiatives. Tsunami warning centers in 14 countries receive data from around 100
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
IMS stations, particularly those covering the Pacific and Indian Oceans. This "tsunami agreement" only includes
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
data from seismic and hydroacoustic stations, the inclusion of infrasound stations is introduced taking as a
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
reference the experience of Garcés et al. with Sumatra earthquake in 2004, who propose that the initiation and
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
1
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2
previously believed.
In view
NorthatKorea’s
stated willingness
to give up
nuclear weapons, it would not be
University
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Urbana-Champaign,
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logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
Contact:
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CTBT would be
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and effective early step for North Korea, in what looks to be a long and difficult
process
to a broader
political settlement.
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environment in,
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This study
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State
and
party
to
the
importance of land use/land cover change and climate variability on the observed increased streamflow. Trends
CTBT.
in observational data, precipitation and streamflow, are detected using Mann-Kendall statistical trend test. Non-

observational component, actual evapotranspiration (ET) rate, is estimated with a Rainfall-Runoff model. We
also examine
ANOVA attribution concept to search for signals of change in climate variability and/or land use
Poster
Presentations
land cover (LULC) that could be attributable to the observed increased streamflow over the study watersheds.
The ANOVA statistical approach reveals that the climate variability is the more dominant factor on increased
streamflow in all study watersheds than that of LULC change. However, in the disturbed watersheds there is
T5.1-P3
CTBT combined
Entry into
Force:
Breaking
the variability
Stalemate
evidence of a possible
impact
of LULC
and climate
on increased streamflow. This possible
combined impact could be addressed by temporal decrease in ET over the second period, which can
S. Ullah
subsequently lead to an increase in streamflowvolume.
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Despite
differences
on nuclear Survey
weapons to
as being
the cause
of unendingEffects
arms race
linchpin
of in
deterrence,
there has beenH.
general
consensus
on
the
need
for
nuclear
disarmament.
Putting
a
ban
on
nuclear
tests
remains
Chyad, A. Mousa
one of the oldest
hardest fought
on disarmament
agenda.
Iraqyet
Geological
Surveyitems
(GEOSURV),
Baghdad,
Iraq Given their perceived security interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
sincere towardsContact:
Treaty’shayder.adnan17@gmail.com;hayder.adnan@yahoo.com
entry into force. This stalemate has not only halted any progress on the Treaty but also
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
A total of 324 microgravity measuring points were carried out on Derbendikhan rockfill Dam, 230km NE
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
Baghdad, to evaluate the possible effects resulted in 7.3 magnitude earthquake hit the Iraqi-Iranian borders,
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
40km from the site, on Nov. 12, 2017. The site lies within the high folded zone which is a part of the Western
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
Zagros Fold – Thrust Belt. A gravimeter Model CG-5 was used in this survey, where all the necessary
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
corrections were applied on the raw data to calculate the Complete Bouguer Anomaly map. A 2m upward
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
continuation filter was applied on Bouguer map for regional field determination that used to calculate the
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
residual anomaly map. The residual map showed numerous negative and positive gravity anomalies that reflect
subsurface heterogeneity in density distributions. Power spectrum analysis of Bouguer map showed six depth
slices of gravity sources; 0.95m, 1.75m, 5.5m, 12.5m, 21m and 55m. The results showed two prominent
T5.1-P4
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anomalies appear
close to the
right
bank onVerification
21m depth; the
first is a positive
anomaly of Entry-Into8m long, and the
Forceanomaly of 14m long. These positive and negative anomalies suggest high and low-density
second is a negative
zones coincide with compression
and extension stresses resulted in the earthquake energy.
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T5.2-P22 Modern Seismic Network Development in Iraq
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Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
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become a buzzword
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framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
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earthquakes in nearby regions since 2000. The Iraq Seismic Network was established in the latebut
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achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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Federation
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research
2
Barva
Innovation
Center,
Talin,
Armenia
organizations, operates
eleven
broad-band
seismic
stations
in Iraq. Six of these stations provide open data to the
international community
(three
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Data Management Center. LLNL has collaborated extensively with Iraqi experts on modernizing seismic hazard
The experimental
results of studying
effectAssessment.
of a fine-scale
layered
of a stablyincorporated
stratified atmospheric
maps based
on a new Probabilistic
Seismicthe
Hazard
In 2017,
thestructure
Iraqi government
the
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a certain period (1
updated hazard maps into new seismic design criteria in the national building code.
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
T5.2-P24
Operational Readiness of CTBT Hydroacoustic Stations in Achieving
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
Development
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of wind Sustainable
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The estimation of the error in localization of pulsed sources is given. Acknowledgement:
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Oceans, rivers and streams according to the United Nations serve as the world’s largest source of protein, with
more than 3 billion people depending on them as their primary source of protein. Close to half (45 per cent) of
deaths in children under five each year causes associated with malnutrition. Hydroacoustic methods which are
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the world’s oceans. 1This study investigates the operational readiness of these hydroacoustic stations. Literature
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in the past ten years 2was examined to collate data for the study. The result of the study showed that 90% of the
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T5.2-P25 Prediction of Major Earthquakes Using 4-D Seismic Attenuation
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
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in a lock-in
technique to effectively trace vertical air masses based on surface measurements. This technique
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waves that caused vital earthquake hazards. The attenuation tomography has been used successfully to scale the
anelastic anomalies in high resolution 3-D image. This research aims to develop a novel technique to predict
major earthquakes using 4-D seismic attenuation tomography based on measuring the changes in 3-D
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University of Western Ontario, London, ON, Canada values along the interval time. The
developed novel technique expected to use the 4-D attenuation tomography as a measurable tool for strain
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changes due to stressContact:
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along the active fault zones to predict major earthquakes.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T5.2-P27 North
Promotion
ofand
Civilthe
and
Scientific Applications of Data and Techniques Used
T5.1-O3
Korea
CTBT
for Nuclear-Test-Ban Verification
E.M. Ifft
Stanford
University, CA, USA
H.R.M. Muturi
National Council
for Science & Technology, Nairobi, Kenya
Contact:
emifft@yahoo.com

Contact: harun.muturi@yahoo.com
Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
eight
remaining
states
must ratify
CTBT
for it of
to nuclear
enter into
force. Thethe
recent
personal
involvement
of
During
the process
of that
monitoring
the the
globe
for signs
explosions,
CTBTO
monitoring
network
the
Presidents
the U.S.,
South
Korea
NorthtoKorea
mayformake
achievement
less distant
than
generates
large of
amounts
of data
which
hasand
potential
be used
civil this
and scientific
applications
in many
previously
In view
of the
North
Korea’s stated
willingness
to give
up its
nuclear
it would
not be
areas. Databelieved.
and spin-offs
from
International
Monitoring
System
(IMS)
stations
areweapons,
being used
by scientists
logical
for itmakers
to refuse
to joinothers
the CTBT
and understand
insist on preserving
a right
test such
At least
the
and policy
among
to better
our planet
and to
manage
ourweapons.
environment,
andsigning
are being
CTBT
be afields,
logicalranging
and effective
early step and
for North
in monitoring
what looks of
totsunamis
be a longto and
difficult
appliedwould
in diverse
from atmospheric
climateKorea,
science,
recording
of
process
to aand
broader
political
This and
could
be accompanied
supportof for,
and
earthquakes
tracking
marinesettlement.
mammals. Civil
scientific
applicationsbyof North
the dataKorea’s
and spin-offs
the IMS
participation
the activities
of the CTBTO,
including
Lessons
from the
earlier arms
stations can, in,
therefore,
significantly
contribute
towards verification.
improving human
welfare
andnegotiation
need to be of
promoted.
The
control
agreements,
as
well
as
from
the
cessation
of
the
former
Soviet
Union’s
nuclear
testing
program,
can help
CTBTO, national governments and international research institutions, among others, can play an important
role
guide
orderly of
and
verifiable
transition
of North of
Korea
Non-Nuclear
Weapon
State
and promotion
party to the
in the the
promotion
civil
and scientific
applications
data to
anda spin-offs
of IMS
stations.
Wide
of
CTBT.
techniques arising from nuclear test ban verification through different approaches is being recommended.
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T5.2-P28 Recent Seismic Activities in Ghana: The Role of the National Data Centre
(NDC)
T5.1-P3 CTBT
Entry into
Force: Breaking the Stalemate
P.E. Amponsah,
Y. Serfor-Armah
Ghana Atomic Energy Commission, Accra, Ghana
S. Ullah
Contact:
Center
forpekua2@yahoo.com;p.amponsah@gaecgh.org
International Strategic Studies, Islamabad, Pakistan

Contact:
Ghana is far from
the sufianullah@gmail.com
major earthquake plate boundaries. However, the region has experienced devastating
earthquakes in the past. Two major earthquakes of magnitude 6.5 on the Richter scale were recorded in the
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
country in 1862 and 1939 and numerous earth tremors thereafter. On 24 March, 2018 and 9 December, 2018 a
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
series of earth tremors of magnitude ranging from 3.0 to 4.8 on the Richter scale hit parts of Accra the capital
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
city, and caused a lot of panic among the populace. The National Data Centre established in Ghana eight years
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
ago is playing
key roleentry
in theinto
dissemination
of seismichas
information.
The data
from
International
sincere
towardsaTreaty’s
force. This stalemate
not only halted
any received
progress on
thethe
Treaty
but also
Data
Centre
in
Vienna
is
used
to
complement
the
efforts
of
the
Ghana
Geological
Survey
Authority
in
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
monitoring
earthquake
activities
in
the
country.
The
earthquake
events
are
catalogued
at
the
National
Data
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
Centre for earthquake hazard studies. The data is also made available to our stakeholder agencies for earthquake
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
disaster risk mitigation. Periodically, the Centre organizes awareness programmes to educate the public on
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
earthquake
safety measures.This is done with the objective of minimizing any disasters or casualties that might
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
occur
in
the
event of an earthquake.
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
bilateral agreement with India, the prospects of this graduated regional approach appear bright.

T5.2-P29 Remote Sensing Earthquake Ground Motions Using Seismo-Acoustic
Coupled Signals
T5.1-P4 Leveraging
the CTBT's Verification Provisions for Promoting Entry-IntoForce
S. Shani-Kadmiel1, J. Assink2, L. Evers2
1
Delft University
of Technology, the Netherlands
M.
Hoell1, Y. Woo2
2
1 Royal Netherlands Meteorological Institute (KNMI), De Bilt, the Netherlands
European Leadership Network, London, UK
2
Hudson Institute,
Washington, DC, USA
Contact:
s.shanikadmiel@tudelft.nl;s.shanikadmiel@tudelft.nl

Contact:
A key component
in themhoell@outlook.com
initial relief efforts following an earthquake disaster is the ShakeMap, which depicts the
distribution
of
shaking
intensity
in the struck region and is usually available within minutes of an earthquake. In
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
regions
where
seismic
instrumentation
is limited, such ShakeMaps are poorly constrained. In Haiti for example,
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
there were no seismometers operating during the 2010 Mw 7.0 Port-au-Prince earthquake. After days of
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
surveying the damage on the ground an estimated ShakeMap was available. This dramatically hampered the
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
post-disaster response and proved costly in societal terms. In this study, we develop a backprojection technique
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
to infer earthquake ground motions using infrasonic signals generated by the earthquake and recorded at one or
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
more infrasound arrays. Due to the low frequency nature of such signals and the existence of waveguides in the
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
atmosphere,
signals
are hardlytoattenuated
during
propagation
andbecan
be detected
over for
long
ranges. We
argue
that thethese
CTBT's
contribution
arms control
verification
should
leveraged
not only
strengthening
show
that
infrasonic
signals
recorded
during
the
2010
Haiti
earthquake
by
an
IMS
array
IS51
in
Bermuda,
more
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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forminutes,
Modeling
Infrasound
than 1700
km awayAtmospheric
from Haiti, could
have been Layer
used toas
generate
a ShakeMap
not days,
after the
earthquake.
Propagation and Scattering in the Atmosphere
T5.2-P30

I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Scientific
Applications of IDC and IMS Products: Earthquake Research and
Federation
2
Tsunami
Warning
Sri Lanka
Barva
InnovationinCenter,
Talin, Armenia

igor.chunchuzov@gmail.com
S.N.B.Contact:
Thaldena
Geological Survey and Mines Bureau (GSMB), Pitakotte, Sri Lanka
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Contact:
nilminith@yahoo.com
boundary
layer (ABL)
on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Although the primary purpose of the products of International Data Center (IDC) and the International
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
Monitoring System (IMS) of Comprehensive Nuclear-Test-Ban Treaty (CTBT) verification regime is to verify
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
compliance with the Treaty effectively, those products can be used in scientific and civil applications such as
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
research on earth structure, earthquake monitoring and tsunami warning. The Seismic Data Monitoring Center at
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
GSMB, Sri Lanka also benefited by the products of IDC and the IMS data. The main function of the Seismic
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
Data Monitoring Center at the GSMB is to provide accurate and prompt seismic activity data for relevant
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
authorities especially of impending tsunamigenic events and to be used later for research purposes. Presently, it
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
retrieves raw seismic data from IDC and GFZ servers and analyses them using Seiscomp3 software. The
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
national data center receives raw data from seismic stations around Indian Ocean from the IDC and these data
This work was supported by RFBR N 18-55-05002
are being analyzed to determine the earthquake parameters including location, depth, magnitude etc. The
accuracy of these results is compared with the products of the IDC and used for tsunami warning and later in
research on seismicity in and around Sri Lanka.

T1.1-O4

Climate Change Through the Eyes of Radioisotopes

L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
T5.2-P31 Seismic
Hazard
Assessment
for Northern
Belgian
Nuclear
Research Center
(SCK•CEN),Malawi
Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
E.E. Chikalamo
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
Malawi
4 University of Science and Technology, Malawi
TU Wien Atominstitut, Vienna, Austria
5
Contact:
echikalamo@must.ac.mw;chikalamoelias@gmail.com
University
of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
By virtue of its tectonic position on the southern tip of the East African Rift System, the northern region of
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Malawi often experiences
earthquakes
of varied sizes. These earthquakes are a significant hazard to the
communities in the area. The December 2009, Karonga earthquake of moment magnitude Mw 6.0 (USGS,
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
2009), caused significant damage and disruption to local communities which are already poor. It is therefore a
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
societal and scientific interest to understand the seismicity of the region since this helps in formulation of
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
appropriate policies for disaster risk reduction measures such as national seismic safety regulations and building
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
standards. Earthquake catalogs, which records earthquakes, explosions, and seismic disturbances, play a key
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
role in seismic hazard assessment. Seismic monitoring data is one of beneficial service the CTBTO offers to its
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
signatory states which can be used for disaster management among other uses. This study intends to identify and
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
define seismic sources for northern Malawi which will be used to produce seismic hazard maps with different
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
probabilities of exceedance. The study will use the Probabilistic Seismic Hazard Analysis methodology which
forecast.
quantifies the rate of exceeding various ground motion levels, given all possible earthquakes in an area of
interest (Anza et al., 2011).

T1.1-O5 Detection Efficiency of the IMS for Bolides
T5.2-P32 Seismic
Intensity
P. Brown,
N. GiMap of 5.5 Mozambique Earthquake
University of Western Ontario, London, ON, Canada
H. Inguane
Contact:
pbrown@uwo.ca
National
Institute
of Mines (INAMI), Maputo, Mozambique

In thisContact:
study hfinguane@gmail.com;hfinguane@yahoo.com
we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
A magnitude 5.5 earthquake occurred in the Mossurize District, Manica Province, Mozambique. The National
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Institute of Mines used IMS data in their analysis to improve the location and depth of the earthquake. Further
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
studies of intensity using Mercalli scale were used to estimate the coverage of damaged areas and infrastructures
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
within. Combining both methods, seismology and imaging with drones, helped the civil protection agency to
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
relief and mitigate the impacts of the earthquake.
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T5.2-P33 North
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1
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International
University of Science and Technology, Botswana
Stanford
University,
CA, USA
2
Physics Department, University of Botswana, P/Bag UB 00704, Gaborone, Botswana
Contact:
emifft@yahoo.com
3
Department of Earth Sciences, Eritrea Institute of Technology, Asmara, Eritrea
Conventional wisdom
has
long held that North Korea would quite likely be the most difficult case among the
Contact:
nthabab@yahoo.com;nthaba.bokani@studentmail.biust.ac.bw
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
NotPresidents
much is known
well
documented
about
the seismicity
a larger
of Botswana
primarily
the
of the and
U.S.,
South
Korea and
North
Korea mayofmake
thiscoverage
achievement
less distant
than
because over
the years,
localofseismic
to the to
north-western
part of weapons,
Botswana,it to
monitor
previously
believed.
In view
North stations
Korea’s were
statedbiased
willingness
give up its nuclear
would
not the
be
more seismogenic
objective aofright
thistostudy
is to
estimate
logical
for it to refuseOkavango
to join the Delta
CTBTRegion.
and insistThe
on preserving
test such
weapons.
At the
leastrelative
signing size
the
distribution
events
the rate
seismic
and associated
stress
CTBT
wouldofbeseismic
a logical
and (b-value),
effective early
stepoffor
North activity
Korea, (a-value),
in what looks
to be a long
and condition
difficult
prevailing
in
Botswana
to
assist
in
the
quest
of
hazard
mitigation.
This
study
shows
that
micro-seismic
activities
process to a broader political settlement. This could be accompanied by North Korea’s support for,
and
of magnitudein,
ranging
from 1.3
are distributed
notverification.
only on theLessons
northernfrom
part the
of Botswana,
also in arms
other
participation
the activities
of to
the5.7
CTBTO,
including
negotiationbut
of earlier
parts ofagreements,
the countryassuch
Southern
(including
East and
West),
Central
and Eastern
control
wellasasthe
from
the cessation
of theKweneng
former Soviet
Union’s
nuclear
testing
program,Botswana.
can help
The b-value
and a-value
for the entire
catalogue
was found
1.2 and 6.3, respectively,
implying
a region
of
guide
the orderly
and verifiable
transition
of North
Korea to
to be
a Non-Nuclear
Weapon State
and party
to the
low stress dominated by small to moderate events. The minimum completeness magnitude (MC) was found to
CTBT.
be 3.8. From this analysis, annual probabilities of occurrence for M4 and M5 events were found to be 67.2 %
and 4.3 %, respectively, while M6 or larger event has an annual probability of 0.3 %.
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T5.2-P38 Swedish Biodiversity in Time and Space
T5.1-P3 CTBT Entry into Force: Breaking the Stalemate

E. Karlsson, M. Forsman, J. Kastlander, C. Söderström, P. Stenberg
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Ullah Defence Research Agency (FOI), Stockholm, Sweden
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Center for International Strategic Studies, Islamabad, Pakistan
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FOI has been collecting and archiving weekly air filters from six locations throughout Sweden for ~50 years
Despite
on nuclear
weapons
asofbeing
the cause
arms racefallout.
or linchpin
of deterrence,
(>15,000differences
filters in total);
the original
goal
this project
wasoftounending
detect radioactive
In cooperation
with
there
has
been
general
consensus
on
the
need
for
nuclear
disarmament.
Putting
a
ban
on
nuclear
tests
Umeå University and Swedish University of Agricultural Sciences, these filters have been utilized
to remains
examine
one
of the oldest
yet hardest
fought
on disarmament
agenda.
Given
their filters.
perceived
interests
and
biodiversity
in Sweden
through
timeitems
by sequencing
the DNA
captured
in these
Duesecurity
to the special
design
diverging
nuclear
ambitions,
the
abstaining
states
continue
to
point
fingers
at
each
other
for
not
being
politically
of the filters and downstream packaging and storage, the DNA is remarkably well preserved, allowing long time
sincere
Treaty’s
entryusing
into shotgun
force. This
stalematewe
hascan
notdetect
only halted
anyallprogress
the Treaty
but also
series totowards
be studied.
In fact,
sequencing
virtually
known on
organisms
in Sweden;
undermines
theviruses,
prospects
of global
disarmament
that are already
by parasitic
differences
on mutually
agreeable
e.g. bacteria,
plants,
insects
and even mammals
along marred
with the
flatworms
living
in their
mechanism
to pursue it.associated
This scenario
for exploring
innovative
ideas
how todetected
convinceasabstaining
states
intestines. Sequences
withcalls
antibiotic
resistance
genes are
alsoonreadily
well as known
to
get into
legally-binding
mechanism.
Drawing
from
idea
of the
Nuclear
Weapons
Free Zones,
genes
involved
in virulence.
We are now
using inference
these filters
to the
study
how
ecosystem
is responding
to aa
region
oriented
approach
usefulimportant
in findingpathogens
solution totothe
globalagriculture
problem. Through
verifiable
changing
environment
asmay
wellprove
as tracking
humans,
and livestock.
Thelegally
goal is
binding
multilateral,
of nuclear weapons, the goal of CTBT may be
to makebilateral,
forecastsoroneven
future
changes toagreements
ecosystemson
andnon-testing
pathogen distributions.
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
bilateral agreement with India, the prospects of this graduated regional approach appear bright.

T5.2-P40 The Changes in the Wildlife of a Region as an Indicator of the Effect of the
Radiation Caused by the Nuclear Tests
T5.1-P4 Leveraging the CTBT's Verification Provisions for Promoting Entry-IntoC.A. Mendiola Escobedo
Force

Instituto Tecnológico y de Estudios Superiores de Monterrey, Mexico
M. Hoell1, Y. Woo2
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European Leadership Network, London, UK
2
Hudsonthe
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USA
The relation between
human Washington,
kind and the DC,
environment
in which it develops has been changing during time
and has been always
depending
on the speed and the efficiency of the technological advances of our species. We
Contact:
mhoell@outlook.com
have now entered to a new stage in the history were we need to produce big amounts of energy in a very short
The
verification
the IMS
-are The
unparalleled
in arms
control
agreements.
Yet,
time.CTBT's
To achieve
this we provisionsbegan to useespecially
more efficient
sources.
use of nuclear
energy,
based
on the nuclear
verification
concerns
were keyif it
in isthe
US Senate
of the CTBT.
More togenerally,
the role of
fission can be
very dangerous
not1999
managed
with therejection
right measurements.
In order
meet the objective
of
effective
verification
haslife
not and
beenpromote
not beenthe
sufficiently
acknowledged
recently.
Treaty we
on the
of
guaranteeing
a healthy
well-being
in the population
of aThe
country,
needProhibition
to know the
Nuclear
Weapons,
forofexample,
reduces
verification
to Comprehensive
Safeguards
a
effects that
this kind
energy has
on the
wildlife and
in this way know
the effectsAgreements,
it will have thus
in thetaking
human
step
back
from
the
more
rigorous
Additional
Protocol.
Similarly,
the
demise
of
the
Intermediate-Range
Nuclear
population. A way to monitor the effect of nuclear tests in certain areas is by measuring the effect it has on life,
Forces
Treaty
the importance
of this
verification
treaties,selection
with 'disarmament
having
allowing
us to underlines
know not only
how life does
process of natural
based on theverification'
mutation, but
also
become
a
buzzword
in
the
framework
of
the
Treaty
on
the
Non-Proliferation
of
Nuclear
Weapons
(NPT).
We
present evidence of the risk that runs the life by the exposure of this radiation.
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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The experimental
results
of studying
the effect in
of aNigeria
fine-scale
of aconcern
stably stratified
atmospheric
The occurrence
of Earth
tremors
and earthquakes
haslayered
been astructure
source of
to emergency
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
managers and government of Nigeria. Although Nigeria was not generally suspected to be prone to major
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
earthquakes, over the years, several of minor tremors had been experienced in some parts of the country. Now in the
thinislayers
of the
have
using
the wave
times of
recorded with
arrivals of
the story
different,
as ABL
a threat
hasbeen
beenretrieved
confirmed,
it should
be forms
seen asand
an travel
opportunity
to the
get forward
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
strategic planning and to explore opportunities from the CTBT IMS through the NDC. Incidentally, when someABL is
similar
to the
mechanism
scattering
of signals
from groundobservatories
surface explosions
by layered
nonhomogeneities
of those
tremors
occurred,
thereofwere
no functional
seismological
in Nigeria.
But that
has now
of
wind
velocity
and
temperature
in
the
stratosphere
and
lower
thermosphere.
The
role
of
similarity
changed. The Nigerian Government has also established a seismographic network managed by the Centre parameter
for
here
place
the dimensionless
thickness
of the
reflecting
nonhomogeneous
layers, which
is the 4-channel
vertical scale of
Geodesy
and
Geodynamics
(CGG), Toro,
Nigeria,
with
four operational
stations equipped
with 24-bit
the and
layer
multiplied
by the seismometers.
relative difference
effectivecould
sound
the ifvertical
recorders
broadband
30-second
Theseinnetworks
be velocity
integratedand
intonormalized
the CTBTOby
NDC
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival
times of
there is awareness of the civilian application of the IMS and the opportunities from the use of the CTBTO NDC
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
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T1.1-O4
Climate Change
Through
the Eyes
of the
Radioisotopes
T5.2-P43
The Investigation
Between
the CTBT
and
UN Sustainable Development
1
2
3
GoalsL. Terzi , M. Kalinowski , G. Wotawa , P. Saey4, M. Schoeppner5, I. T. Hoffman6

1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
A.W. Nduati
2
CTBTO Preparatory Commission, Vienna, Austria
University
of Nairobi,Kenya
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
Contact:
TUwariiyuanne@gmail.com
Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
Climate is changing 6and
the weather
become a Bureau,
major focus
on bringing
a new weather pattern for
Health
Canada, focusing
RadiationisProtection
Ottawa,
ON, Canada
citizens and everyone to follow up. Global warming is the main alteration of climate changes. To curb this, the
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
United Nations sustainable
development
goals aim at developing and strengthening the future aims at solving
the challenges we face. The IMS data with 337 facilities that monitor the entire planet, produces information
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
useful for not only the nuclear test-ban-treaty organization but also the meteorological stations. In collaboration
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
with the Comprehensive Nuclear-Test-Ban-Treaty Organization (CTBTO), it has established a verification
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
regime capable of contributing to the UN’s efforts in the area of meeting the UN objectives of climate change.
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
The IMS data which produce up to 26 gigabytes of data daily, is used in additional to nuclear test, to detect
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
changes in the weather like tsunamis, increasing levels of water in the oceans due to movement of glaciers. It is
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
not only used for climate changes but also in underground detection of earthquakes, sound waves in the oceans,
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
the sound of whales in the oceans which bring a relaxing experience for the tourists all over the world.
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.

T5.2-P44 The Role of NDCs and NDC Cooperation to Promote the Additional Use and
Understanding
of IMS Data
to Benefit
Applications
T1.1-O5
Detection Efficiency
of the
IMS forCivil
Bolides
1
1
1
2
N.P. Titus
, F. Diergardt
P. Brown,
N. Gi , M. Satali , J. Nambili
1
Geological
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of Namibia,
Namibia
University
of Western
Ontario,
London, ON, Canada
2
Young Professionals Network
Contact: pbrown@uwo.ca
Contact: titus.nortin@gmail.com;nortin.titus@mme.gov.na;nortin@icloud.com
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
The national
data centre (NDC) in Namibiabetween
assists the
IMS I35NA
station
with daily
quality
(https://cneos.jpl.nasa.gov/fireballs/)
2007-2018
andinfrasound
attempt to
correlate
thesedata
with
infrasound
monitoring.
Although
infrasound
is
relatively
new,
the
Namibian
NDC
has
taken
on
the
challenge
to
analyse
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
and interpret
both infrasound
seismic
dataReviewed
sets fromEvent
the Namibian
IMS station.
remains
challenging,
but this
automatically
registeredand
as part
of the
Bulletin (REB)
issuedItdaily
by CTBTO.
However,
one objective
of
the
NDC
is
to
identify
most
cultural
and
static
infrasound
sources
in
the
I35NA
spectrum.
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Another
objective
is to monitor
the influence
mining activity
on the I35NA
station
infrasound
and
which
approaches
20%. Above
the 1 kTofCTBTO
design threshold,
we find
that using
40% of
airbursts data
are reported
in
satellite
Another
build strong
NDC
cooperation
ties stations.
with different
NDCswith
on civil
theimagery.
REB, while
more objective
than 90% isaretodetectable
at one
or more
infrasound
All airbursts
energy > 2
problems
faced in on
Namibia.
such site
cooperation
is with
Austrian
NDC
to do forensic
analysestheonREB
IMSis only
kT reported
the JPLOne
fireball
since 2007
havethe
been
detected
infrasonically.
However,
seismiccomplete
data to above
better 15
understand
seismic
activitydetection
in the Kunene
Region
of reported
Namibia.atAnother
project
is with
kT with the
automated
system not
having
least four
airbursts
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cooperation ofNorth
the Namibian
the Young Professional Network (YPN) to produce a seismic hazard
T5.1-O3
KoreaNDC
and with
the CTBT

map using IMS data and to communicate the information to rural communities. The Namibian NDC is also
E.M.
Ifft of the CTBT with regular articles and student engagements.
active in public
awareness
Stanford University, CA, USA
Contact: emifft@yahoo.com

T5.2-P45 The WHO and the CTBTO: Joint Initiatives to Address Air Pollution in the
Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
Cities Y

eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the PresidentsA.ofUmerenko
the U.S., 1,South
Korea and2 North Korea may make this achievement less distant than
V. Korotchenko
1
previously believed.
In view
of North
Korea’s
stated willingness
to give Russian
up its nuclear
weapons, it would not be
National
Research
Nuclear
University
MEPhI, Moscow,
Federation
logical for it to2 refuse
to join the
CTBT and
insist Research
on preserving
a right
to test such
weapons.
At least
signing the
International
Relations,
National
Nuclear
University
MEPhI,
Moscow,
Russian
CTBT would be
a logical and effective early step for North Korea, in what looks to be a long and difficult
Federation
process to a broader political settlement. This could be accompanied by North Korea’s support for, and
15annaum@gmail.com;an_um@mail.ru
participation in,Contact:
the activities
of the CTBTO, including verification. Lessons from the negotiation of earlier arms
control
agreements,
as
well
as
the achievement
cessation of the
former11Soviet
testing
program,
can safe,
help
Air quality plays a pivotal rolefrom
for the
of SDG
whichUnion’s
is aimednuclear
at making
cities
inclusive,
guide
the
orderly
and
verifiable
transition
of
North
Korea
to
a
Non-Nuclear
Weapon
State
and
party
to
resilient and sustainable. Having taken into consideration adverse effects of air pollution, the WHO issued the
the
CTBT.
Air Quality Guidelines which cover four air pollutants. But the list lacks radionuclides which are air pollutants

as well. The objective of the research is to examine a possible contribution of the radionuclide monitoring
technology
of the IMS to the WHO studies. The results suggest that cooperation between the CTBTO and the
Poster
Presentations
WHO could be an important step forward in addressing air pollution. Initially, the CTBTO could provide the
WHO with information on radionuclide levels. Secondly, it could facilitate the WHO research on recognizing
health impacts of radionuclides. Likewise, joint study could pave the way for the update of the Air quality
T5.1-P3
into Force:
Breaking
Stalemate
Guidelines andCTBT
puttingEntry
radionuclides
on the list
or draftingthe
new
legal documents. Next, cooperation could give
an impetus to raising awareness of people about air pollution and encouraging state authorities to follow
S. Ullah
standards. Overall, cooperation between the CTBTO and the WHO will help to alleviate the problem of air
Center for International Strategic Studies, Islamabad, Pakistan
pollution and make cities a safer place to live in.
Contact: sufianullah@gmail.com

Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
T5.2-P46
Evacuation
Mapfor
innuclear
Padang,
West Sumatra
there
has beenTsunami
general consensus
on the need
disarmament.
Putting afor
banDisaster
on nuclearRisk
tests remains
Mitigation
one of the oldest
yet hardest fought items on disarmament agenda. Given their perceived security interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
Yatimantoro,
S. Dewi
I. Gunawan
sincere towardsT.Treaty’s
entry into
force.Anugrah,
This stalemate
has not only halted any progress on the Treaty but also
Indonesian
Agency
for
Meteorology,
Climatology
and
Geophysics
(BMKG),on
National
undermines the prospects of global disarmament that are already
marred
by differences
mutually agreeable
Seismological
Center,
Jakarta,
Indonesia
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
to get into legally-binding
mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
Contact: tatok.yatimantoro@bmkg.go.id;yatimantoro19@gmail.com
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
Based on
historical
earthquake,
Westagreements
Sumatra had
occurred destructive
in goal
1833ofwith
estimation
binding
bilateral,
or even
multilateral,
on non-testing
of nuclearearthquake
weapons, the
CTBT
may be
moment gradually.
magnitudeGiven
(Mw)that
8.8 some
– 9.2.states,
Theoretically,
large have
earthquake
has willingness
return periodtoand
possibility
to occur
in
pursued
like Pakistan,
expressed
enter
into legally
binding
future. Therefore,
reducing
theprospects
earthquake
impact,
we made
tsunami
evacuation
in Padang city, West
bilateral
agreementfor
with
India, the
of this
graduated
regional
approach
appearmap
bright.
Sumatra. We choose this city as our research because it has dense population. We made tsunami evacuation map
based on tsunami inundation modelling. In our tsunami simulation scenario, we used not only 1833 event
parameter butLeveraging
also potential the
earthquake
in seismic
gap around
Sunda strait
8.7). The final
inundation is
T5.1-P4
CTBT's
Verification
Provisions
for(Mw
Promoting
Entry-Intocomposite between both of those scenarios. We used ComMIT software from NOAA to simulate tsunami
Force
propagation and inundation. The detailed bathymetry and topography data from BIG (resampling grid 1 arc sec)
2
was used in this
applied
QGis software to make tsunami evacuation map in detailed. Our results
M. research.
Hoell1, Y.We
Woo
show that the 1inundation
distance
reach
aroundLondon,
1.5 km.UK
To anticipate error of tsunami modelling we applied
European Leadership Network,
2
buffer 100 meters
in
our
results.
We
made
clustering
of
population
and considering demographic condition to
Hudson Institute, Washington, DC, USA
make evacuation route and evacuation shelter.
Contact: mhoell@outlook.com
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
T5.2-P47 concerns
Tsunami
Assessment
South-Eastern
verification
wereRisk
key in
the 1999 USinSenate
rejection of Mediterranean
the CTBT. More generally, the role of
effective verification has not1 been not been
sufficiently acknowledged
recently.
The Treaty
on the Prohibition of
1
2
1
M. ElGabry
, H. Hassan
C. Frischknecht
, H. Hussein1Safeguards
, A. SalamaAgreements,
Nuclear Weapons,
for example,
reduces ,verification
to Comprehensive
thus taking a
1
National
ResearchAdditional
Institute ofProtocol.
Astronomy
and Geophysics
(NRIAG),
Helwan, Egypt
step back from2 the
more rigorous
Similarly,
the demise
of the Intermediate-Range
Nuclear
Section of Earth
and Environmental
Sciences,
of Geneva,
Geneva,verification'
Switzerland having
Forces Treaty underlines
the importance
of verification
of University
treaties, with
'disarmament
become a buzzword
in the
framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
Contact:
elgabry@nriag.sci.eg;elgabrymn@gmail.com;mohamedelgabry@hotmail.com
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
Along
history,
the southern-eastern
Mediterranean
coasts
have
experienced
severalcontext,
historical
the
NPTwith
in trying
to work
out what verification
would look
like in
a nuclear
disarmament
buttsunamis
also for
triggered
by
the
earthquake
from
both
far
and
near
field
sources
(e.g.,
Hellenic,
Cyprian
arcs).
most
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People'sThe
Republic
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Atmospheric
as a Laboratory
hazardous
tsunami events
were 365 Boundary
AD in Crete Layer
with Mw8.5,
1222 in Cyprusfor
withModeling
Mw 7 - 7.5Infrasound
and 1303 in
Rhodes Island with Mw8.0.
The
tsunamis
caused
widespread
destruction
and
victims
along
the coastal cities as
Propagation and Scattering in the Atmosphere
evidenced by available historical 1reports, geomorphology
and paleo-tsunami
investigations2 accomplished 2
1
1
1
I. Chunchuzov
, S.
Kulichkovto
, V.
Perepelkin
, O.would
Popovbe
, A.
Vardanyan
, G. Ayvazyan
recently. On the other
side
potential
mechanisms
generate
tsunami
a
local
underwater
landslide,
1
A.M.
Obukhov
Institute
oflocal
Atmospheric
Physics,
Russian
Academy
ofpose
Science,
Moscow,
Russian
mass movement due to
Volcanic
eruptions
and
earthquakes.
These
potential
sources
a higher
risk due
Federation
to short travel times2 for
tsunami waves that limits the alarming time. Furthermore, a case study for tsunami
Barva
Innovation
Center,
Talin, Armenia
impact was applied in
details
in the city
of Alexandria.
By combining hazard and vulnerability levels for
residential buildings,Contact:
a qualitative
risk assessment has been performed. The urge for the implementation of early
igor.chunchuzov@gmail.com
warning system for the coast of eastern Mediterranean is becoming an essential and urgent need.
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by Urban
an artificial
detonation
are presented.
The vertical profiles of wind velocity fluctuations in the
T5.2-P48
Seismic
Risksource
Evaluation
for Georgia
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
1
2 signals in a stably stratified ABL is
pulses from
the source.
It Varazanashvili
is shown that the1, mechanism
of 1scattering
of pulse
N. Tsereteli
, O.
Z. Gogoladze
, T. Mumladze
1
similar to M.Nodia
the mechanism
of signals
ground surface
by layered
nonhomogeneities
Instituteofofscattering
Geophysics
of Ivanefrom
Javakhishvili,
Tbilisiexplosions
State University,
Georgia
of wind 2velocity
temperature
in the stratosphere
and lower thermosphere. The role of similarity parameter
CTBTOand
Preparatory
Commission,
Vienna, Austria
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
Contact: nino66_ts@yahoo.com
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength.
of suchdirectly
inhomogeneities
on the temporal
fluctuations
of theHere
azimuth
andpresenting
arrival times of
Seismic
hazard andThe
riskeffect
assessment
link to sustainable
development
of country.
we are
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
the main elements of the newly developed seismic hazard model of Georgia. The starting point in seismic
work wasissupported
by RFBR
N 18-55-05002
hazardThis
assessment
the updating
of the
regionally harmonized datasets with focus on data that become
available within the recent years. From this point of view international seismic monitoring systems playing
greater role to solve indicated task One of the biggest advantage of global monitoring network is that, the data
are available
freely without
anyChange
barriers. Through
National agencies
are often
focused on their own interests and do not
T1.1-O4
Climate
the Eyes
of Radioisotopes
freely sharing data, or the data
are
limited
by
national
boundaries.
This is why networks
like International
2
3
4
5
6
Terzi1, M. Kalinowski
, G. Wotawa
, P. Saey
, M. Schoeppner
, I. T.
Hoffman
Monitoring System L.
(CTBTO/IMS)
extremely
important
for
future
development
of
science.
Based
on this data
1
Belgian
Nuclear
Research
CenterThat
(SCK•CEN),
Mol, Belgium of newly developed seismic
earthquake catalog for
Caucasus
updated
up to 2017.
allow parameterization
2
CTBTO
Preparatory
Commission,
Vienna,
Austria
sources and probabilistic
seismic hazard assessment for the entire region. Detail investigation of Building
3
Institution
for Meteorology
and Geodynamics
(ZAMG),
Vienna,inAustria
inventory allowed us4 Central
to investigate
intensity
based vulnerability
for city-museum
Mtscheta
Georgia. Finally
TU
Wien
Atominstitut,
Vienna,
Austria
seismic risk in terms5 of damage and economic loses were estimated for this city. The results were delivered to
University
of Natural
scientific community6 and
local end
users. Resources and Applied Life Sciences (BOKU), Vienna, Austria
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

T5.2-P49 Waiting to the Eight: Billions People and CTBTO Committed for a Safer
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
World
in a lock-in
technique to effectively trace vertical air masses based on surface measurements. This technique

2 of atmospheric
allows toC.A.B.
study progression
andFaye
speed
cells. Data show that the cells are decelerating during the
Dath1, N.A.B.
, A.S. Ndao3
summer 1period
which
is
extending
in
time.des
This
is caused by warming
of the et
whole
troposphere and increased
Ministère de la Communication,
Télécommunications,
des Postes
de l’Economie
tropopausenumérique
height due(MCTPEN),
to rising CO2
concentrations.
Aestival
episodes
of
persistent
high-pressure
systems over
Dakar, Senegal
2
Europe with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
Autorité Sénégalaise de Radioprotection et de Sûreté Nucléaire (ARSN), Dakar, Senegal the observed
3
deceleration
of atmospheric
cell movement.
This demonstratesUniversité
that 7Be Cheikh
and 22Na
canDiop,
be used
as indicators for
Institut
de Technologie
Nucleaire Appliquée(ITNA),
Anta
(UCAD),
confirmingDakar,
several
side
effects
of
climate
change
while
providing
a
new
modelling
tool
in
seasonal
weather
Senegal
forecast.
Contact: bambadath@yahoo.fr;bambadath@gmail.com

As of September 2018, 184 states ouf of 196 signed the nuclear test ban treaty with 167 ratifications. In a other
Efficiency
of the
IMSinfor
hand, T1.1-O5
this means thatDetection
more than 4.3
billions people
residing
theBolides
ratifying countries are committed to the treaty
principles. On the other hand, it is mandatory to have the ratification of countries listed in the annex 2, for the
P. treaty.
Brown,8 N.
Gi out of the 44 mandatory ratifications are still remaining. In this paper, we
entry into force of the
states
University
of
Western
Ontario, London,
Canada
highlight with statistical analyses the engagement
in favorON,
of the
treaty and in a safer world and draw the
attention of the otherContact:
countriespbrown@uwo.ca
that the world is waiting of their prompt action to go straight for a safer world.
We underline, based on 2019 projections, that near 55% of the world population and representing more than
Inhabitable
this study
wenuclear
examined
bolides
(airbursts)
reported
the andJPL
83% of
land ban
tests. To344
generalize
for the
whole earth
includingonocean
land,CNEOS
we can saywebsite
(https://cneos.jpl.nasa.gov/fireballs/)
between
2007-2018
and
attempt
to
correlate
these
according to our analyse that 95% of the planet area are under nuclear test ban. The results are also a with
call toinfrasound
the
detections.
We
found
206
of
these
bolides
were
detectable
by
at
least
one
infrasound
station
while
only 42 were
8 countries to join the path being drawn for nuclear test ban and peace by the world.
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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North Korea and the CTBT

T5.3
Capacity Building, Education and Public Awareness
E.M. Ifft
Stanford University, CA, USA
Contact: emifft@yahoo.com

Conventional
wisdom has long held that North Korea would quite likely be the most difficult case among the
Oral Presentations
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
T5.3-O1 CTBT and Role of the CYG in the Korean Peace and Denuclearisation
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
Process
CTBT would be
a logical Y
and effective early step for North Korea, in what looks to be a long and difficult
process to a broader
political
settlement. This could be accompanied by North Korea’s support for, and
M. Nurzhan
participation in,Abolition
the activities
the CTBTO,
verification. Lessons from the negotiation of earlier arms
Berlin, Germany
2000ofYouth
Network,including
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
Contact:
marzhan2107@gmail.com
guide the orderly
and verifiable
transition of North Korea to a Non-Nuclear Weapon State and party to the
CTBT.
The nuclear crisis in the Korean peninsula is a long-standing problematic issue which constitutes a threat and
challenge to global peace and security order. DPRK`s nuclear tests have demonstrated the increasing technical
capacity Presentations
of their nuclear weapons program and served as acts of provocation and conflict escalation.
Poster
Conversely, the recent steps by DPRK to place a moratorium on nuclear testing and destroy a nuclear testing
facility serve as confidence building measures which have helped the Inter-Korean peace process. However,
these steps have not been sufficient to overcome suspicions from the USA or the international community, nor
T5.1-P3
into Force:process.
Breaking
theprogress
Stalemate
to free up theCTBT
blocks Entry
in the DPRK-USA
Further
by DPRK to verifiably proscribe further
nuclear testing
would
be
of
enormous
benefit
to
the
diplomatic
processes,
and serve as incremental steps
S. Ullah
towards full denuclearisation.
The
CTBT
and
CTBTO
can
play
important
roles
in this process, possibly even
Center for International Strategic Studies, Islamabad, Pakistan
resulting in DPRK signing the treaty, so long as there is public and international support for such incremental
Contact:
sufianullah@gmail.com
measures as well
as incentives
for DPRK to join the CTBT. A helpful factor will be to engage youth in public
promotion of the role of the CTBT in the Korean peace process. The CTBTO Youth Group could help in this
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
regard.
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
T5.3-O2
the United
Nations
Goals
sincere
towardsExamining
Treaty’s entryHow
into force.
This stalemate
has Sustainable
not only halted Development
any progress on the
Treaty but also
undermines theMutually
prospects ofReinforce
global disarmament
are already
bythe
differences
on mutually
agreeable
CTBT’sthat
Mission
andmarred
Moves
Momentum
of the
mechanism to pursue
it. Forward
This scenarioY
calls for exploring innovative ideas on how to convince abstaining states
Treaty
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
Mishra may prove useful in finding solution to the global problem. Through verifiable legally
region orientedS.approach
Observer
Foundation,
India
binding bilateral,
or evenResearch
multilateral,
agreements
on non-testing of nuclear weapons, the goal of CTBT may be
pursued gradually.
Given
that
some
states,
like
Pakistan,
have expressed willingness to enter into legally binding
Contact: mishra.sylvia@gmail.com
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
There is an intrinsic linkage between the United Nations Sustainable Development Goals (SDGs) – Peace and
Justice Strong Institutions, Gender Equality and Quality Education –with the mission of the Comprehensive
Nuclear-Test-Ban
Treaty Organization
(CTBTO).
In the following,
I will
explain
how these
three SDGs are
T5.1-P4
Leveraging
the CTBT's
Verification
Provisions
for
Promoting
Entry-Intomutually reinforcing and bolsters the mandate of the CTBTO. Simultaneously, I will also explore how the
Force
Preparatory Commission of the CTBTO can become active on issues like Quality Education and Gender
1 of government
Equality at various
levels
and non-governmental bodies which would be a significant way for the
M. Hoell
, Y. Woo2
1 greater salience. The Treaty ratification is one of the ultimate goals of the CTBTO. However,
CTBTO to gain
European Leadership Network, London, UK
2
prior to ratification,
there
are several
issues that
CTBTO can have a more pronounced voice in which will
Hudson
Institute,
Washington,
DC,the
USA
not only augment the cause of the CTBTO but also provide the CTBTO with a prominence that it deserves in
Contact:
mhoell@outlook.com
the world of peace
and security
issues. Working on some of the SDGs like quality education and gender equality
will
lay
the
groundwork
and
facilitate
CTBT’s entry
into force.
It would allow
the agreements.
momentum ofYet,
the
The CTBT's verification provisions- especially
the IMS
-are unparalleled
in and
armsmove
control
treaty
forward.
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of

effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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Propagation and Scattering in the Atmosphere

S. Bukhalina, M. Zadorozhnaia
1
1
1
1
I. Chunchuzov
, S. Kulichkov
V. Perepelkin
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PopovFederation
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National
Research Nuclear
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Moscow,
Russian
1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Contact: buk-sofya@yandex.ru;mendeleva.sofya@yandex.ru
Federation
2
Barva
Innovation
Center, Talin,
Armenia important. Despite the fact that much has already
Nowadays the struggle for feminism
is becoming
increasingly
been achieved in thisContact:
case, in many
areas it is extremely rare to meet women. This is not due to the reluctance of
igor.chunchuzov@gmail.com
women to occupy certain positions, but the obstacles raised by society for a long time, prejudices that still live in
The experimental
resultsItofisstudying
the effect
a fine-scale
layered structure
a stably stratified
the minds
of many people.
worth noting
thatofthis
is an erroneous
model ofofbehavior,
because atmospheric
for a
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a certain period (1
comprehensive solution of problems the view of both men and women is necessary. It has been scientifically
anthinking
artificialisdetonation
source
are presented.
The
vertical
profiles
windthis
velocity
fluctuations
provenmin)
that by
their
fundamentally
different
from each
other,
so why
not tooftake
fact into
service to in the
thin
layers
of the objectives,
ABL have including
been retrieved
using
the global
wave forms
and travel
of thereflected
recordedinarrivals
of
achieve
more
advanced
in terms
of the
transformation
of times
our world,
the
pulses from
the source. It
is shown
the mechanism
scattering
of pulse
signalseducation
in a stably
stratified
UN sustainable
development
goals.
In ourthat
research,
we touchofupon
two goals
: Quality
(goal
4) andABL is
similar
to (goal
the mechanism
scattering
signals from
ground
surface
explosions
by layered nonhomogeneities
Gender
quality
5). We willoftry
to createofa training
program
on the
subject
of the radionuclide
nuclear test
of wind
velocity
temperature
in the stratosphere
anduslower
thermosphere.
role offeatures
similarity
parameter
verification
method.
Theand
results
of the research
work will help
to understand
which The
distinctive
of this
herewill
place
the dimensionless
of the learning
reflecting
layers, which is the vertical scale of
program
contribute
to better andthickness
more effective
of nonhomogeneous
female representatives.
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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T1.1-O4
Climate Change Through the Eyes of Radioisotopes
A. Nesterenko

National Research
Nuclear University MEPhI, Moscow, Russian Federation
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Contact:
kamikadze1695@gmail.com
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Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
The abstract examines
the contribution of NRNU MEPhI to the work of the CTBTO Youth Group and the
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
potential for further 4cooperation. MEPhI students have been active participants in various activities of the Youth
TU Wien Atominstitut, Vienna, Austria
Group since its foundation:
The First International Conference of the CTBTO Youth Group was held on the
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
basis of MEPhI in October
2017.
Participants of the Youth Group from MEPhI were active during the CTBT
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Science Diplomacy Symposium in May 2018 and the GEM-Youth International Conference in August 2018.
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Today MEPhI is a leading
university
that trains specialists to work with nuclear technologies. The Institute of
Nuclear Physics and Engineering, Institute for Laser and Plasma Technologies, Institute of Cyber Intelligence
Cosmogenic
beryllium-7
sodium-22Systems,
are known
and canPhysics
be usedfor
together
Systems,
Institute radionuclides
of Physical and
Technicaland
Intellectual
andatmospheric
Institute oftracers
Engineering
in
a
lock-in
technique
to
effectively
trace
vertical
air
masses
based
on
surface
measurements.
This
technique
Biomedicine provide the main areas of technical education in which MEPhI has long conducted educational
allows
study
progression
andIAEA.
speed of
cells.
Dataisshow
theon
cells
are decelerating
programs
to to
train
specialists
for the
In atmospheric
addition, much
work
beingthat
done
training
in the fieldduring
of the
summer
period which
is extending
time.ofThis
causedofbyInternational
warming of Relations.
the whole This
troposphere
and can
increased
scientific
and technical
cooperation
on theinbasis
the is
Institute
experience
tropopause
height due
to rising
CO2
concentrations.
Aestival episodes
persistent
high-pressure
be actively
and effectively
applied
in the
training
of young professionals
for theofbenefit
of the
CTBTO. systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
T5.3-O6
forecast.Nurturing the Science Diplomacy Generation (SDG) to Advance the CTBT
E. Tsyvkunova
National Research Nuclear University MEPhI, Moscow, Russian Federation

T1.1-O5
Detection Efficiency of the IMS for Bolides
Contact: eatsyvkunova@mephi.ru;eltsyvkunova@rambler.ru

P. Brown, N. Gi
The CTBT Science Diplomacy Generation is a diversified capacity building project of MEPhI aiming to train
University of Western Ontario, London, ON, Canada
and nurture the next Generation of Science Diplomacy experts who will address daunting problems facing the
Contact:
pbrown@uwo.ca
Treaty. The project
CTBTxSDG
comprises regional outreach and education activities including a
comprehensive training course in English with the engagement of CTBTO online materials, skype conferences
In thisstaff,
study
we examined
bolides
(airbursts)
reported
onvisits
the to JPL
CNEOSDatawebsite
with CTBTO
presentation
and poster344
contests,
gamification
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on-site
the National
(https://cneos.jpl.nasa.gov/fireballs/)
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2007-2018
and
attempt
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correlate
these
infrasound
Center in Dubna and Dukhov All-Russia Research Institute of Automatics. The project is expected towith
provide
a
detections.
We
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206
of
these
bolides
were
detectable
by
at
least
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infrasound
station
while
only
42 were
platform for interdisciplinary, multicultural and inter-institutional collaboration to broaden and strengthen the
automatically
registered
as part
of the Reviewed
Event
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(REB) issued
However,
engagement
of various
scientific
communities
working
in test
ban monitoring
as daily
well by
as CTBTO.
to enhance
their this
global
REB
detection
rate
of
~10%
averaged
from
2007-2018
is
less
than
the
"modern"
rate
(from
2014-2018)
geographical gender representation, involving MEPhI students, pre-university students, academia, legal and
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approaches
20%.
theof
1 kT
threshold,
find that
of airbursts
are reported
in
technical
experts.
We use
the Above
occasion
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SnT2019design
to introduce
thewe
modules
of 40%
the proposed
project,
its
the REB, while
moremethods
than 90%
detectable atCTBT
one orglossary
more infrasound
airbursts
with energy
interdisciplinary
teaching
andare
a multilingual
elaboratedstations.
by jointAll
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Moreover,
we > 2
kT reported
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since
2007 of
have
detected
infrasonically.
However,
theScience
REB is only
will present
the initiative
to launch
margins
thebeen
SnT2019
a presentation
contest
'CTBT
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Diplomacy Generation
to Promote
SDGs'
to reinforce linkages between the CTBT and the SDGs, with a 17T5.1-O3
North Korea
andthethe
CTBT
slide presentation format.
E.M. Ifft
Stanford University, CA, USA

T5.3-O7

Promoting
CTBT Through
Contact:
emifft@yahoo.com
Awareness

Capacity Building, Education and Public

Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
eight remaining
states
that must ratify the CTBT for it to enter into force. The recent personal involvement of
S.S.
Kazmi
the PresidentsStrategic
of the U.S.,
Korea
and
North Korea
may make this achievement less distant than
VisionSouth
Institute
(SVI),
Islamabad,
Pakistan
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical for it toContact:
refuse to sadia.kazmi.svi@gmail.com
join the CTBT and insist on preserving a right to test such weapons. At least signing the
CTBT would be a logical and effective early step for North Korea, in what looks to be a long and difficult
Scientificto and
technological
input
is essential
the CTBT
decision-making
processes,
implementation
and
process
a broader
political
settlement.
Thistocould
be accompanied
by North
Korea’s
support for, and
acceptability
of
its
policies.
Access
to
information
while
important,
may
lose
the
intended
universality
if
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
methods
and
findings
are
inconsistent
with
stakeholders’
concerns.
CTBT
non-compliance
challenges
emerge
in
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
its structural
inadequacies.
Issuestransition
of ratification
andKorea
entry to
intoa force
can be addressed
by raising
awareness
guide
the orderly
and verifiable
of North
Non-Nuclear
Weapon State
and party
to the
through
capacity-building
workshops,
meetings,
international
forums
etc.
among
the
stakeholders
like arms
CTBT.
control lobbies, conference on disarmament, governmental institutions, UN General Assembly First Committee
etc. Scientific-advisory and policy-making roles are critical to efficient compliance and demand regular
consultation
and information sharing between scientific and policy institutions. Scientific innovation coupled
Poster
Presentations
with sagacious and bold leadership help mitigate the challenges of arms control arrangements like CTBTO.
CTBTO must improve the engagement of national and international stakeholders within the policy-making
circles through various capacity-building programs to educate them. Public awareness towards negative impact
T5.1-P3
CTBT Entry into Force: Breaking the Stalemate
of radioactive environmental contamination from nuclear testing generates pressure on the government in favor
of arms control
measures. This would be useful in information dissemination and may enhance CTBT’s
S. Ullah
universal appeal.
Greater
understandingStrategic
of stakeholders’
security andPakistan
legal obligations is needed through robust
Center
for International
Studies, Islamabad,
program of consultation, collaboration and capacity building.
Contact: sufianullah@gmail.com
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
T5.3-O8
Nuclear
Awareness
for the
Public Across
there
has beenRaise
generalthe
consensus
on the
need for nuclear
disarmament.
PuttingCulture
a ban on nuclear tests remains
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
A.R.
Ismuharto
diverging nuclear
ambitions,
the abstaining states continue to point fingers at each other for not being politically
Indonesia
forforce.
Sustainable
Benefitshas
Promotor
Jakarta,
Indonesia
sincere towards Treaty’s Nuclear
entry into
This stalemate
not only(INSuBP),
halted any
progress
on the Treaty but also
undermines theContact:
prospectssatutanduk@gmail.com;ariefsurahman@ensterna.com
of global disarmament that are already marred by differences on mutually agreeable
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
ThegetCTBTO
should raise public
awareness
about
nuclear,from
whiletheordinary
their
of the
to
into legally-binding
mechanism.
Drawing
inference
idea of people
Nuclearmaintain
Weapons
Freefear
Zones,
a
nuclearoriented
for warapproach
purposes,may
skeptics
knowledge
fortopeaceful
nuclear
use.Through
Both sides
of the nuclear
region
provepursue
useful their
in finding
solution
the global
problem.
verifiable
legally
goal must
be veryorwell
of most agreements
people in the
The limited
of nuclear
knowledge
willCTBT
makemay
people
binding
bilateral,
evenaware
multilateral,
onworld.
non-testing
of nuclear
weapons,
the goal of
be
reject everything
which
willlike
endanger
thehave
development
peaceful nuclear
know
pursued
gradually.about
Givennuclear
that some
states,
Pakistan,
expressedofwillingness
to enteruse.
intoWhile
legallywe
binding
that a country's
decision
to support
or reject international
organizations
is strongly
influenced
bilateral
agreement
with India,
the prospects
of this graduated
regional approach
appear
bright.by the opinions of
its people. With sufficient knowledge about nuclear benefits and threats, the public will play a major role in the
development and global network for peaceful nuclear use and active supervision of the potential for nuclear use
for war purposes, especially for the nuclear test ban. Cultural differences of the nations sometimes brought the
T5.1-P4
Leveraging the CTBT's Verification Provisions for Promoting Entry-Intolow acceptance of global preference, with the active participation of CTBTO for nuclear education to the
Force
member's states
peoples, cultural barriers among nations will be eliminated and allow the CTBT to be fully
implemented into force.1 The contribution
will be effective when CTBTO work together with a local institution.
M. Hoell , Y. Woo2
1
European Leadership Network, London, UK
2
Hudson Institute, Washington, DC, USA
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Raising Public Awareness Among Students About CTBT in Nuclear Age Y

Contact: mhoell@outlook.com
T.Z. Win
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
Nagasaki University, Japan
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
Contact:
effective verification
hasthuzarwin.mdy.tw@gmail.com;thonmao@gmail.com
not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
The back
CTBTfrom
has the
languished
for so long,
that now
we must
not onlythe
revitalize
thethe
actors
currently responsible
for
step
more rigorous
Additional
Protocol.
Similarly,
demise of
Intermediate-Range
Nuclear
treaty
entry-into-force,
but
also
energize
the
upcoming
group
of
advocates
and
scientists,
many
of
whom
are
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
unawareaofbuzzword
the treatyinand
benefits.ofInthe
order
to bridge
gap, the youth of
generation
has become
the very
become
the it’s
framework
Treaty
on thethis
Non-Proliferation
Nuclear Weapons
(NPT).
We
important
role
in
nuclear
age.
This
paper
examines
how
the
CTBT
serves
as
useful
tool
with
which
to learn
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
and/or
a variety
topics,including
the would
threat look
of nuclear
use of diplomacy,the
artfor
of
the
NPTdiscuss
in trying
to workofout
what verification
like inproliferation,the
a nuclear disarmament
context, but also
negotiation,the
functioning
of
international
organizations,
and
the
impact
of
the
Science
and
Technology
(SnT)
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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forwith
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on International
Students Boundary
in MyanmarLayer
and Cambodia
are unfamiliar
the intergovernmental
organizations and regimes
in place and
to reduce
the dangers
of nuclear
weapons, tend to hold an ethnocentric
Propagation
Scattering
in the
Atmosphere
perspective on nuclear weapon issues.
Therefore,
the
CTBTO
educational
resources
such as Knowledge
and 2
1
1
1
1
2
I. Chunchuzov
, S.help
Kulichkov
Perepelkin
, O. Popov
, A. Vardanyan
G. Ayvazyan
Training Portal whose
various courses
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from
Technological
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(Kyaukse), ,Myanmar
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1
A.M.
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Institute
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RussianinAcademy
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Pannasatra University,
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Federation
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and
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2
Barva
Innovation
Center,
young people who would
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in the Armenia
future.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
T5.3-O10
Role of Civil Society Organizations for Education and Public Awareness
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1

2
min) by M.I.
an artificial
source are presented.
The vertical profiles of wind velocity fluctuations in the
Rabiou1detonation
, A.S. Abdourahamane
1
thin layers
of theAutorité
ABL have
been retrieved
using
the wave
forms and
travelNiger
times of the recorded arrivals of
Haute
Nigérienne
à l'Energie
Atomique
(HANEA),
Niamey,
2
pulses from
the source.
shown du
thatDroit
the mechanism
scattering of
pulse signals
Collectif
pour Itlaisdéfense
à l’Energie of
(CODDAE),
Niamey,
Niger in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
rabioumi@yahoo.fr;malamissarabiou@gmail.com
of wind Contact:
velocity and
temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here
place
the dimensionless
of the
nonhomogeneous
layers,
which
is the
vertical
scale of
Role of
Civil
Society
Organizations thickness
for education
andreflecting
public awareness
in NIGER.
The role
of the
CTBTO
is to
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
detect an atomic explosion on the planet to take steps to prevent the current nuclear-armed countries fromvertical
wavelength.
The and
effect
such that
inhomogeneities
the temporal
of the
azimuth
and arrival
times of
continuing
their tests,
theofStates
do not have on
nuclear
weaponsfluctuations
not to acquire
them.
In addition
to this
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
mission, the CTBTO, through IMS data and IDC products, can make available to scientists data for civilian
This work
wasassupported
by RFBR
N 18-55-05002
applications,
such
nuclear and
radiological
applications and emergency preparedness. The CTBTO also

ensures that countries and institutions have a science-policy interface for wide dissemination of scientific
knowledge to both decision-makers and the general public in general. In the face of the emerging arms race and
the heightened
of a terrorist
nuclear Through
attack, the insecurity
weapons systems in the face of cyber
T1.1-O4risks Climate
Change
the Eyesofofnuclear
Radioisotopes
risks, as well as the use of emerging
technologies,
poses
risks
to
systems
that are associated
with them.
It is
1
2
3
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5
6
L. Terzi
, M.
Kalinowskimobilize
, G. Wotawa
, P. to
Saey
, M. Schoeppner
, I. for
T. Hoffman
imperative that we civil
society
organization,
ourselves
influence
the
authorities
the
introduction
1
Nuclear
Research
Center
Belgium
of the knowledge of2 Belgian
the missions
of the
CTBTO
into (SCK•CEN),
our educationMol,
system
from primary to university for a
CTBTO
Preparatory
Commission,
Vienna,
Austria
general culture of peace
and
a
life
without
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and
nuclear
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Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
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University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
T5.3-O11 The Intrinsic
ValueRadiation
of CTBTO
Workshops,
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Programs, and Expert
6
Health Canada,
Protection
Bureau, Ottawa,
ON, Canada

Meetings

Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
J. Mackby
Cosmogenic
radionuclides
beryllium-7
andWashington,
sodium-22 are
Federation
of American
Scientists,
DC,known
USA atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
jmackby@fas.org;jmackby@gmail.com
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
The Workshops,Training Programs and Expert Meetings of the CTBTO contribute significantly to optimizing
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
the monitoring and verification of the CTBT, exchanging knowledge, strengthening the engagement of the
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
scientific community, and identifying how scientific developments and cooperation can support national needs
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
and the CTBT, all of which are goals of the 2019 SnT. Few people outside of Vienna know about these valuable
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
workshops and programs.They have included a recent workshop on drilling in on-site inspections, and some of
forecast.
the many upcoming programs in 2019 include: NDC capacity building on analysis of radionuclide and
waveform IMS data and IDC products, radionuclide training for station operators, Latin America and Caribbean
infrasound training for NDCs.The workshops aim to achieve an understanding of the verification regime, build
T1.1-O5
Detection
of the
IMS for
Bolides
capabilities
of the National
DataEfficiency
Centres, provide
expertise
about
using IMS data and IDC products, support
practical experience in analyzing IMS data, build up national and regional capacities in implementing the
Brown, N. Gi
Treaty, and increase P.
participation
in the verification regime. This presentation will describe the many workshops
University of Western Ontario, London, ON, Canada
and training programs, the added value that they have imparted in the regions addressed, the significance of
transmitting knowledge
to future
generations, and their contribution towards entry into force of the Treaty.
Contact:
pbrown@uwo.ca
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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20 Years of Participations in CTBTO Activities
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Course using SeisComP3, NDC Waveform Analyst Training Course, The African Regional Infrasound
CTBT.
Workshop and Integrated Training for NDCs, NDC Capacity Building: NDC Infrasound Data Analysis
Training, OCI activities : EIGHTH OSI INTRODUCTORY COURSE, OSI DIRECTED EXERCISE 2010
,IFE14 Dress Rehearsal, IFE14, 3TC Introductory Course, 3TC Health, Safety and Security Training Course,
Poster Presentations
3TC In – Field Operations Support Training Course, 3TC Visual Observation and Radionuclide Techniques
Training Course, and (AC-3TC). Others: FIFTH WORKSHOP ON IMS LOCATION CALIBRATION, CTBT
Advanced Science Course: "Around the Globe and Around the Clock:", SnT2013 , CTBT Diplomacy and Public
T5.1-P3
Entry
into Force: Breaking the Stalemate
Policy Course,CTBT
SnT2015,
and SnT2017
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S. Ullah
Center for International Strategic Studies, Islamabad, Pakistan

Awareness Activities Related to CTBT Undertaken by HANEA

Contact: sufianullah@gmail.com
A.W. Djibo
Despite differences
nuclear
weapons àasl'Energie
being the
cause of(HANEA),
unendingNiamey,
arms race
or linchpin of deterrence,
Haute on
Autorité
Nigérienne
Atomique
Niger
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
Contact:
djibowahab@gmail.com;djibowahab@yahoo.com
one of the oldest
yet hardest
fought items on disarmament agenda. Given their perceived security interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
Awareness activities related to CTBT undertaken by HANEA SnT 2019, 24-28 June 2019 in Vienna, Austria To
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
better participate in the activities of treaty, to popularize the treaty’s benefits and derive profits from treaty,
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
Niger established a national data center (NDC) in 2014. Niger, through its NDC, has established a
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
multidisciplinary team of potential users of IMS data and IDC products. Niger will create conditions to build
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
capacity of this team in order to better use these data and products for all useful purposes. Niger receives in its
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
NDC data from PS26 (TORD) stations and soon data from the RN48 (NEP48), which is under installation.
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
Niger makes public awareness activities relating to treaty and the benefits of accessing and using IMS data and
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
IDC products, through regular organization of workshops; sessions; seminars and open days. Thus, the Niger
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
authorities are committed to advocate for the entry into force of the treaty both at the level of the United Nations
and the International Union of Parliamentarians. The poster will present the High Authority of Niger to Atomic
Energy and then all the awareness-raising actions conducted in the direction of the Government,
T5.1-P4 Leveraging
the
CTBT's
Verification
Provisions
for Promoting Entry-Intoparliamentarians,
scientists and
engineers,
media
men and civil
society.

Force
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M. Hoell1, Y. Woo2
1Awareness of the Radionuclide Monitoring
European Leadership Network, London, UK
2Students
Hudson Institute, Washington, DC, USA

Technology for Myanmar’s

Contact:
mhoell@outlook.com
Zin Wai Myint
Ministry of Education, Nuclear Technology Department, Kyaukse, Myanmar
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
Contact:were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
verification concerns
zinwaimyint.on7@gmail.com;zinwaimyint.tukse@gmail.com;zinwaimyint.tukse@gmail.com;
effective verification
has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
zinwaimyint.tukse@gmail.com
Nuclear Weapons,
for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
The radionuclide monitoring technology, one of the four monitoring technologies used by the CTBTO for
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
detection nuclear explosion, was introduced to the undergraduate students at Technological University. The
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
main objectives of the presentation is to increase knowledge how the CTBT is carrying out the treaty of nuclear
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
weapons test and how the air sample are monitored, detected and sent to the International Data Center (IDC) in
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
Vienna to know the radioactive particles content. About two years ago, introducing of the CTBT’s educational
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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material is only for graduate students. Now, not only the introducing the goals of CTBTO but also the detail
T1.1-O3
Atmospheric
Layer
a Laboratory
for Modeling
Infrasound
progress
of radionuclide
monitoring Boundary
technology that
was as
studied
from the technical
visit of (PGEC)
course
sponsored by IAEA,Propagation
could be presented
the undergraduate
In this paper, students will be explained
andtoScattering
in thestudents.
Atmosphere
the each step of the function in 1Radionuclide Monitoring
Station
Rn-42 such
as air sampler
collect the 2
1
1
1
2
I. Chunchuzov
S. Kulichkov
, V. Perepelkin
, O. Popov
, A. in
Vardanyan
, G. Ayvazyan
radionuclides from the
environment ,with
a filter, sample
filter is prepared
to count
Gamma detector
and the
1
A.M.are
Obukhov
Institutewith
of Atmospheric
Physics,
Russian
Academy
of Science,
result data in computer
sent directly
satellite, VSAT
to IDC.
This
discussion
is the Moscow,
first step Russian
of
Federation
sustainable learning 2for
undergraduate students who will continue studying about the CTBT’s performance.
Barva Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com

T5.3-P4
Capacity Building and Public Awareness Creation by National Data Centre
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Ghana,
Africa of the parameters of acoustic pulses generated with a certain period (1
boundaryinlayer
(ABL)West
on fluctuations

Y
min) by Y.D.
an artificial
Ntow detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers
of the
ABLEnergy
have been
retrieved Accra,
using the
wave forms and travel times of the recorded arrivals of
Ghana
Atomic
Commission,
Ghana
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Contact:
yvonnentow@gmail.com
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
The Republic of Ghana signed the Comprehensive Nuclear-Test-Ban Treaty (CTBT) on October 3, 1996 and
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
ratified the CTBTO on June 14, 2011. In February 2010, Ghana commissioned its CTBT National Data
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
Center(NDC) so that it can support international efforts to monitor nuclear weapons testing more effectively.
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
Seismic data received from the International Data Centre is one of the benefits the CTBT offers in the area of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
earthquake hazard assessment for Ghana. Experts at the NDC-Ghana access and compile seismic events data
This work was supported by RFBR N 18-55-05002
registered on the seismo-acoustic networks of International Monitoring System for the country. This data in
addition to the national earthquake monitoring means will be used to update and identify seismically prone areas
of the country. The Center in collaboration with other agencies intermittently organise public lectures on
T1.1-O4
Climate
Change
the Eyes
of Radioisotopes
earthquake
disaster risk
mitigation
therebyThrough
creating public
awareness.
The Center also makes recommendations
to the government of Ghana
and assist
government institutions to develop
1 on earthquake 2safety measures
3
4
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
appropriate land and1 building policies. Capacity building undertaken by the Provisional Technical Secretariat
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
(PTS) empowers signatory
states including Ghana with equipment, software and training. Knowledge is further
2
CTBTO Preparatory Commission, Vienna, Austria
imparted in individuals
3 who visit the center for educational tours and others through periodic internal trainings.
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
T5.3-P5 Capacity
Building
Expertise
for Bureau,
Non-Proliferation
Rules and
Health
Canada, for
Radiation
Protection
Ottawa, ON, Canada
Instrument
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

L.L. radionuclides
Oo
Cosmogenic
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Ministry
of Education,
Department
of Atomic
Pyion
Taw,
Myanmar
in a lock-in technique
to effectively
trace vertical
airEnergy,
massesNay
based
surface
measurements. This technique
allows toContact:
study progression
and speed of atmospheric cells. Data show that the cells are decelerating during the
dlleioo@gmail.com
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
The Comprehensive
Nuclear-Test-Ban
Treaty
(CTBT), the
unique
and comprehensive
verification to
ban over
tropopause height
due to rising CO2
concentrations.
Aestival
episodes
of persistent high-pressure
systems
nuclear
explosions
is
essential
for
human
beings,
animals,
plants
and
environment.
Policy
makers,
scientist,
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
technician,
academia,
students and
members
many countries
implementing
enhance
the for
deceleration
of atmospheric
cellmedia
movement.
This from
demonstrates
that 7Be isand
22Na can be to
used
as indicators
capabilities
of
the
Treaty’s
verification
regimes
and
to
become
a
universal
law
with
comprehensive
approaches.
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
Myanmar
signed Comprehensive Nuclear-Test-Ban Treaty (CTBT) in 1996 and ratified in 2016. As a
forecast.
developing country, Myanmar needs to raise awareness and advance science and technology for verification
methods and Myanmar is actively participating in CTBTO’s comprehensive innovative programs. Myanmar was
a party to Partial Test-Ban Treaty in 1963. Myanmar singed Nuclear Non-Proliferation Treaty in 1992 and an
T1.1-O5
Efficiency
of the
IMS
for Bolides
additional
protocol inDetection
2013. In addition,
Myanmar
signed
Bangkok
Treaty in 1995 and Treaty on the Prohibition
of Nuclear Weapon in
2018.
To
support
CTBT,
Myanmar
has
linked
CTBTO's website for public awareness and
P. Brown, N. Gi
participating in policy
makers,
scientists,
students
and
technical
level
University of Western Ontario, London, ON, Canada for expertise in CTBTO's verification
systems. To strengthen legislative and regulatory framework and to support political commitments for nonContact:
pbrown@uwo.ca
proliferation obligations
of international
organizations, Myanmar is drafting new Nuclear Law and the existing
Atomic Energy Law will be replaced.
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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Capacity
Building
in CTBT
Central Asia to Monitor the CTBT
North
Korea
and the

1
N. Mikhailova
, K. Abdrakhmatov2, J. Schweitzer3, I. Aristova4, A. Berezina2,
E.M.
Ifft
3
S. Mykkeltveit
Stanford
University, CA, USA
1
Kazakhstan National Data Centre, Almaty, Kazakhstan
Contact:
emifft@yahoo.com
2
Institute of Seismology, NAS, Bishkek, Kyrgyzstan
3
Norwegian
Seismic
(NORSAR),
Norway
Conventional wisdom
has long
heldArray
that North
KoreaKjeller,
would quite
likely be the most difficult case among the
4
of Geophysical
Research,
Almaty,
Kazakhstan
eight remaining Institute
states that
must ratify the
CTBT for
it to enter
into force. The recent personal involvement of
the PresidentsContact:
of the U.S.,
South Korea and North Korea may make this achievement less distant than
chifnat@gmail.com
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
In 2018,
jointtoproject
the aInstitute
of Geophysical
Research
ME of the
the
logical
forait new
to refuse
join thestarted
CTBT between
and insistNORSAR,
on preserving
right to test
such weapons.
At least signing
Republic
of Kazakhstan,
Institute
Seismology
the Academy
of Science
the and
Republic
of
CTBT
would
be a logical and
and the
effective
earlyofstep
for NorthofKorea,
in what looks
to be aoflong
difficult
Kyrgyzstan.
The
project
focuses
on
capacity
building
in
Central
Asia
in
relation
to
technical
verification
of
process to a broader political settlement. This could be accompanied by North Korea’s support for, and
compliance with
theactivities
Comprehensive
Nuclear-Test-Ban
Treaty (CTBT),
as well
education of
in earlier
seismology
participation
in, the
of the CTBTO,
including verification.
Lessons
fromas
theonnegotiation
arms
and research
for anasimproved
seismic
and infrasonic
monitoring
Centralnuclear
Asia. During
the first year,
the
control
agreements,
well as from
the cessation
of the former
SovietofUnion’s
testing program,
can help
cooperation
focused
the modernization
of North
the National
Data
Centers in Kazakhstan
and and
Kyrgyzstan
guide
the orderly
andonverifiable
transition of
Korea to
a Non-Nuclear
Weapon State
party to and
the
training courses on interpreting and processing of seismic records conducted at the KNDC in Almaty for
CTBT.
specialists from Kyrgyzstan, Tajikistan, and Kazakhstan. To improve the monitoring capabilities and the
regional cooperation between the countries in Central Asia, the compilation of a regional bulletin has started by
Poster
collectingPresentations
seismic data or seismic onset readings from more than 50 stations in Central Asia. In addition,
methods are under development to classify different source types (natural, man-made) of the events in the new
bulletin.
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S. Ullah
Challenges to Innovative Solutions, Transparency
Center for International Strategic Studies, Islamabad, Pakistan

and Application of
Verification Technologies in Non-Signatory, Annex 2 States in the Modern
Contact:
Era Ysufianullah@gmail.com

Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
H.R. Rifaat
there has beenGlobal
generalThink
consensus
on the need
for nuclear
disarmament. Putting a ban on nuclear tests remains
Tank Network,
Islamabad,
Pakistan
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
Contact:
hamzah_rifaat800@outlook.com;seal_prince@yahoo.com
diverging nuclear
ambitions,
the abstaining states continue to point fingers at each other for not being politically
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
Non- signatory Annex 2 states are embroiled in difficult geopolitical situations, prone to conflict and
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
misunderstandings.
The arms race in the subcontinent and tensions on the Korean peninsula has exacerbated
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
challenges
towards
sustainable peace and made instant signing of the CTBT elusive. However, there is still
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
room
for
innovative
solutions to be explored given the enormous literature which exists on weapons
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
development
in
both
regions
and the international community acknowledging that de-escalation is preferred.
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
The
necessity
to
exercise
restraint
and promote greater transparency between adversaries puts into perspective
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
how innovative solutions can be implemented and what challenges to verification technologies exist.
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
Incontrovertible evidence on the sea leg to India’s deterrence as well as Tactical Nuclear Weapons from
Pakistan exists. Without transparency, the risk of accidents from domestic political considerations, escalation of
bellicose rhetoric, or tensions on the Korean Peninsula or the Line of Control can take place. In light of these
T5.1-P4
Leveraging
CTBT's
Verification
for Promoting
Entry-Intorealities, this paper
lays out the
challenges
to the
application ofProvisions
verification technologies
in both
regions and the
Force innovative solutions by making a case that geopolitical scenarios, right wing governments
impediments towards
and escalating tensions1 pose significant
challenges towards de-escalation and mitigation of conflicts for non
M. Hoell
, Y. Woo2
signatory, Annex
2
states.
1
European Leadership Network, London, UK
2
Hudson Institute, Washington, DC, USA
mhoell@outlook.com
T5.3-P10 Contact:
Cloud Platform
as Instrument to Enhance Capabilities of Remote Users
(Data
Processing
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The CTBT's verification provisions-and
especially
the IMS -are unparalleled in arms control agreements. Yet,

verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
L. Kolesnykov, R. Synytsky, O. Liashchuk
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Main Centre of Special Monitoring (NDC of Ukraine), State Space Agency of Ukraine, Gorodok,
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
Ukraine
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty Contact:
underlines
the importance of verification of treaties, with 'disarmament verification' having
leonid_kolesnykov@ukr.net
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue
thatthe
thecloud
CTBT's
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to arms control
verification
should
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not only for
strengthening
In 2016,
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for the processing
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in NDC-UA.
NIAB
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the
tryingwhich
to work
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look likeforin example
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of the another
CTBT itself.
The The
nuclear
tests conducted
by theplatform
Democratic
People'ssolved
Republic
However, entry-into-force
it is possible to install
software.
deployment
of the cloud
in NDC-UA
the

248
221

CTBT: Science and Technology 2019

Theme 5: CTBT in a Global Context

T1.1-O3
Atmospheric
Layer
Laboratory
for Modeling
Infrasound
issue of
technical resources,
greatly Boundary
reduced the time
for as
the ainstallation
and maintenance
of software,
and if
necessary, allowed the
rapid
migration
of
the
system.
Taking
into
account
that
MCSM,
which
includes the
Propagation and Scattering in the Atmosphere
NDC-UA, has a territorially distributed
structure,1 the use of the1 cloud platform
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wayRussian
of
Federation
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Having
a
positive
2
Innovation
Center,
Talin, Armenia
experience of using ofBarva
the cloud
platform
in NDC-UA,
we offer it for testing and subsequent use in other NDCs.
Also, it would be appropriate
to use the cloud platform in the Capacity building system during trainings and in
Contact: igor.chunchuzov@gmail.com
the work of CTBTO experts.
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by Contending
an artificial detonation
source Dilemma:
are presented.Policy
The vertical
profiles of wind velocity fluctuations in the
T5.3-P12
the Security
and Science
Y
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
1
2
pulses from
the source.
is shown
that the mechanism of scattering of pulse signals in a stably stratified ABL is
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1
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the mechanism
of scattering
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surface explosions by layered nonhomogeneities
Military College
of Canada,
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of wind 2velocity
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The role of similarity parameter
Technology
Department, in
Misr-American
College,
Cairo,thermosphere.
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here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
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the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength.
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Acknowledgement:
Middle-East, even though state-to-state large-scale conventional warfare has theoretically ended in 1973, states
This
work
wassecurity
supported
by RFBR
N 18-55-05002
are still
tied
to this
dilemma.
This
dilemma led some states like Israel to formulate national security
policies based on a nuclear deterrent, or Iran to pursue nuclear ambitions, or other states like Egypt to maintain
ballistic capabilities. Ultimately, the CTBT’s entry into force became a hostage to this security dilemma of
mistrust.
The purpose
of this abstract
is toThrough
go beyond the
the security
and introduce tentative CBMs based
T1.1-O4
Climate
Change
Eyes ofdilemma
Radioisotopes
on both policy and science through
win-win
scenarios
in
the
present
status-quo
that lacks
minimal favorable
1
2
3
5
6
L. Terzi
,the
M.CTBT
Kalinowski
,Middle
G. Wotawa
, P. Saey4, M.regional
Schoeppner
, I. T. Hoffman
conditions to sign and
ratify
in
the
East.
Policy-wise,
cooperation
to fight militant
1
Belgianthreat
Nuclear
Research
Center through
(SCK•CEN),
Mol, Belgium
non-state actors, a common
to the
state survival
the coordination
of intelligence and information
2
CTBTO
Preparatory
Commission,
Vienna,
Austria
on one hand. On the3other, scientifically, through establishing a Middle-Eastern platform that allows the transfer
CentralIndeed,
Institution
for Meteorology
Geodynamics (ZAMG),
Austria
of science and technology.
creating
a status-quoand
of joint-dependency
based Vienna,
on common
survival and
4
TU
Wien
Atominstitut,
Vienna,
Austria
science can end the dilemma
and
ultimately
pave
the
way
for
the
CTBT
entry
into
force.
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
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Center
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allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Contact: humarehman.ciss@gmail.com
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
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height weapons
due to rising
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organized
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change
while
providing
a
new
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of CTBT, II) it examines the CTBT phases over the years, III) it discusses discourse regarding the treaty at
forecast.
multiple levels and possibilities of the way forward. It also aims to provide and map the challenges related to the
CTBT in comparison of non-proliferation treaties at the international level, which include difficulties of
achieving objectives of the treaty with reference to evolving nuclear order and growing strategic ground
realities.
Furthermore,
it analyses
the systems
developed
by Bolides
the CTBTO consisting of the International
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of
Western
Ontario,
London,
ON, to
Canada
working level by development of
systemic
capacity
building
introduce various aspects of technological
support which the CTBTO
may
provide for global security issues such as climate change.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
T5.3-P15
CTBT Enforcement between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically
part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
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which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
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than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT
reported
on
the
JPL
site since
2007 have
been detected
infrasonically.
However,
theCTBT's
REB is only
CTBT is comprehensive for its fireball
scientifically
acceptable
parameters
which are
are working even
without
complete
above
15
kT
with
the
automated
detection
system
not
having
reported
at
least
four
airbursts
coming into force. The Treaty was adopted more than twenty two years back yet it lacks formal enforcement. with
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The formal enforcement
has notand
beenthe
possible
so far because of Eight States (UCIPINI) which have not ratified
T5.1-O3
North Korea
CTBT

it. Ratification of a Treaty is entirely different from its enforcement in international law. To this date there is no
E.M.who
Ifft is not enforcing this Treaty in the territories it occupies. Education is the sine-qua-non
State in the world
Stanford
University,
CA, awareness
USA
for channelizing
a movement
towards
and capacity building. In shrunk in world where education is
required hardly
is
the
situation
of
full
literacy.
Education
enters and grows itself with a tool not available to the
Contact: emifft@yahoo.com
whole mankind. This need to be addressed. The paper looks into two broad based approaches for bringing
CTBT in forcewisdom
reliablyhas
andlong
in a time
manner.
Conventional
held bound
that North
Korea would quite likely be the most difficult case among the
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
previously
In the
viewNext
of North
Korea’s
stated willingness
give up its
nuclear weapons,
it would not be
T5.3-P16believed.
CTBT
Global
Agenda
Toward to
Peaceful
Planet
Y
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
CTBT would be
logical and effective early step for North Korea, in what looks to be a long and difficult
M. aShakir
South Asian
Strategic
StabilityThis
Institute
(SASSI),
Islamabad, by
Pakistan
process to a broader
political
settlement.
could
be accompanied
North Korea’s support for, and
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
Contact:
shakir86@msn.com
control agreements,
as well
as from the cessation of the former Soviet Union’s nuclear testing program, can help
guide
the
orderly
and
verifiable
North
Korea
to athe
Non-Nuclear
Weapon
to the
The CTBTO is on track to maketransition
the worldof free
from
testing
nuclear weapons
in State
future.and
'No'party
to nuclear
CTBT.
testing is the only pre-requisite to the nuclear debate. There is a need to advocate the youngsters on the role of

the CTBTO, its mandate and prepare them for the years ahead in countering the challenges ahead. The
initiativesPresentations
like bringing CTBT as a subject in curriculum and the positive role played by the CTBTO in
Poster
promoting science technology will motivate the youngsters, and students to play a better role.

T5.1-P3 CTBT Entry into Force: Breaking the Stalemate
T5.3-P17 CTBT-SDGs-Innovation-Challenge: Building Resilient Communities
S.
Ullah
Through
CTBT Science Information Sharing

Center for International
Strategic Studies, Islamabad, Pakistan
A. Jerkins1, J. Nambili2, J. Assink3, N. Titus4
1
Contact:
sufianullah@gmail.com
Norwegian
Seismic Array (NORSAR), Kjeller, Norway
2
Young
Professionals
Network
Despite differences
on
nuclear
weapons
as being the cause of unending arms race or linchpin of deterrence,
3
Royal
Netherlands
Meteorological
Institutedisarmament.
(KNMI), De Bilt,
the Netherlands
there has been4general consensus on the need for nuclear
Putting
a ban on nuclear tests remains
Geological
Survey
of
Namibia,
Namibia
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and

diverging nuclear
ambitions,
the abstaining states continue to point fingers at each other for not being politically
Contact:
annie@norsar.no
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
The Kunenethe
Region
in north-western
Namibia is that
a geological
laboratory
for differences
continental on
break-up
whereby
the
undermines
prospects
of global disarmament
are already
marred by
mutually
agreeable
region
is
littered
with
faults
and
thrusts
and
seismic
activity
has
often
been
reported.
In
2018,
an
unprecedented
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
number
of earthquakes
has been
recorded.
Due to inference
the remoteness
region,
very few
people have
able
to
get into
legally-binding
mechanism.
Drawing
from of
thethe
idea
of Nuclear
Weapons
Free been
Zones,
a
to communicate
their experiences
to theinrelevant
authorities
and
the problem.
media. Remote
feel
region
oriented approach
may prove useful
finding solution
to the
global
Throughcommunities
verifiable legally
disempowered
fearful
of their environment.
understanding
of weapons,
natural occurring
as
binding
bilateral,and
or even
multilateral,
agreements onTheir
non-testing
of nuclear
the goal ofevents,
CTBT such
may be
earthquakes
are also
testedthat
andsome
requires
engagement
by experts
with effective
communication
tools.
Thebinding
Young
pursued
gradually.
Given
states,
like Pakistan,
have expressed
willingness
to enter into
legally
Professionals
Network
in cooperation
withofthe
Nationalapproach
Data Center
bilateral
agreement
with India,
the prospects
this Namibian
graduated regional
appear(NDC)
bright. is taking on this
challenge to build resilience of the poor and those in vulnerable situations applying effective communication
strategies and tools to transmit information to vulnerable groups. Scientific results and useful information
produced by the Young Professionals Network and the Namibian NDC using International Monitoring System
T5.1-P4
Leveraging the CTBT's Verification Provisions for Promoting Entry-Into(IMS) data and processed with NDC-in-a-box software is shared and communicated to the affected rural
communities. Force
The project aims to measure how well useful scientific information using IMS data and IDC
products is relayed to affected
rural communities using novel communication techniques.
M. Hoell1, Y. Woo2
1
European Leadership Network, London, UK
2
Hudson Institute, Washington, DC, USA

T5.3-P18 CTBTO Educational Programme and Sustainable Development Goal 5 in
Contact: mhoell@outlook.com
Nigeria

The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
A.O. Ezeaka
verification concerns
were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
Exp
Momentum
Nigeria
Limited,
Lagos, Nigeria
effective verification
has not been
not been
sufficiently
acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons,
for
example,
reduces
verification
to Comprehensive Safeguards Agreements, thus taking a
Contact: aoadinnu@yahoo.com;obiomaassumpta@gmail.com
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
At a glance
participants
e-educational
differ strongly
based with
on gender.
Men tendverification'
to be motivated
to
Forces
Treaty
underlinesin the
importanceactivities
of verification
of treaties,
'disarmament
having
participate
in work-related
more
women.onWomen
on the other hand
drawnWeapons
to responsibilities
in
become
a buzzword
in the learning
framework
of than
the Treaty
the Non-Proliferation
of are
Nuclear
(NPT). We
the home
participate
more in work-related
training
that allow
thembetoleveraged
perform their
responsibilities
in the
argue
that and
the CTBT's
contribution
to arms control
verification
should
not only
for strengthening
home.
One
of
the
targets
of
the
Sustainable
Development
Goal
5
(SDG5)
is
to
enhance
the
use
of
enabling
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
technology,
in particular information
anditself.
communications
technology,
to promote
the empowerment
women.
achieving
entry-into-force
of the CTBT
The nuclear tests
conducted
by the Democratic
People'sofRepublic
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T1.1-O3has developed
Atmospheric
as to
a Laboratory
for Modeling
Infrasound
The CTBTO
some Boundary
educational Layer
resources
increase the participation
of women
in its
programme. It has Propagation
been reported that
Nigeria onlyin17%
science researchers are women. This study
andinScattering
the of
Atmosphere
examined the CTBTO educational
programme 1 and SDG5. Personal
interviews were conducted
and 2
1
1
2
Chunchuzov
, S. Kulichkov
, V.
Perepelkin
O. whether
Popov1, findings
A. Vardanyan
, G. Ayvazyan
questionnaires were I.
administered
randomly
to female
researchers
to ,test
from interviews
were
1
Obukhov
Institute
Atmospheric
Physics,
Russian
of Science,
Moscow,But
Russian
correct. The result of A.M.
the study
indicated
that of
what
is being learned
and
how isAcademy
it being learned
is adequate.
Federation
factors like constrained
time,
infrastructural
resources
(electricity,
internet
and
funds)
and
conflicting
priorities
2
Barvaparticipation
Innovation Center,
Talin,
Armeniaeducational programme.
are limitations to increased
of women
in CTBTO
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
T5.3-P19
CTBTORS the Global Heroes of Sustainability: A Collaborative Online
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
for Schools
Citizens
min) by Game
an artificial
detonationand
source
are presented. The vertical profiles of wind velocity fluctuations in the

thin layers
of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
C. Vargas
pulses from
theRica
source.
It is shown
that the mechanism
of scattering
of pulse signals in a stably stratified ABL is
Costa
Institute
of Technology,
Cartago, Costa
Rica
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
celvargas@itcr.ac.cr
of wind Contact:
velocity and
temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
It has been demonstrated that education, health and income are the three more important capacity generators for
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
human beings. It is proposed the design and implementation of an educational collaborative online game,
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
mission-oriented, to increase awareness on SDGs, to promote CTBT and CTBTO and to strengthen democratic,
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
local and global values. It simulates the organization of the CTBTO, uses the scientific and technical capacity of
This work was supported by RFBR N 18-55-05002
this organization, the different kind of information available at CTBTO and related, for carrying out and solving
different mission in which SDGs and targets are involved. But in the same way there could have specific
missions related to onsite inspections, negotiations for abandoning a clandestine or declared nuclear programme
T1.1-O4
Change
the classroom
Eyes of Radioisotopes
by a country,
amongClimate
others. It is
designedThrough
to complement
and homework activities. It provides means
for mission designing, solution
process and reporting.
It should
be designed
taking into account the common
1
2
3
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey4, M. Schoeppner5, I. T. Hoffman6
ethical values that underlie
school curricula of different countries. Although students are the main audience of
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
the game, it is important
to include people outside school.
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
T5.3-P20 Curriculum
Development
on CTBTO
Verification
Regime
University
of Natural Resources
and Applied
Life Sciences
(BOKU), Y
Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
S.M.A. Shah
Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
National
Defense
University (NDU), Islamabad, Pakistan

Contact:
agha_ayub@yahoo.com;syedayubshah@gmail.com
Cosmogenic
radionuclides
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
CTBTO over the years has emerged as one of the leading scientific data repositories around the world. It has
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
compatible systems including accreditation systems and sizeable footprint at the global level. This elaborate
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
infrastructure and expertise is a result of innumerable efforts of both scientific and diplomatic communities. The
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
lessons learnt, therefore, are immense, all-encompassing and worth codifying for adoption in terms of best
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
practices and technologies by other organizations responsible for research in related areas. Case studies, books,
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
and literature on the processes, technologies, related experiences and above all operation of the data centers
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
including IDC and remote stations need to be recorded and shared for forming part of the related curriculum for
forecast.
teaching at different levels. This knowledge intervention will enable CTBTO to reach out to the universities
around the world. The great work of preventing nuclear testing will pave way for establishing similar
infrastructure at an appropriate scale for other scientific purposes. The innovation will accordingly take roots
T1.1-O5
the IMS
for
Bolides
through
engagementDetection
of academiaEfficiency
and students of
focusing
at new
possibilities.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

T5.3-P21 Deploying a Radionuclide Monitoring Station in Kazakhstan

Contact: pbrown@uwo.ca
D. Turchenko, A. Aidarkhanov, O. Lyakhova, S. Subbotin
In thisInstitute
study ofwe
examined
344 Ecology,National
bolides (airbursts)
reported
on the Kazakhstan
JPL CNEOS website
Radiation
Safety and
Nuclear
Centre, Kurchatov,
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
Contact:
turchenko@nnc.kz
detections.
We found
206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
On November 29, 2017 a Memorandum was signed between the Department of Foreign Affairs, Commerce and
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Development in Canada and the Ministry of Energy of the Republic of Kazakhstan (ME RK), which implies a
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
property deposit on the part of Canadian partners as a radionuclide noble gas monitoring station in order to
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
strengthen supervision of the Comprehensive Nuclear-Test-Ban Treaty. This station is designed for
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
strengthening enforcement of the Comprehensive Nuclear-Test-Ban Treaty (CTBT). To deploy a radionuclide
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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station NNC RK
specialists
potential sites in the territory of Kurchatov. Comprehensive studies
T5.1-O3
North
Koreapreselected
and the 3CTBT

were conducted on each site selected that involved: collection and analysis of general information on a site, the
E.M. Ifft data, radiological survey, identification of available engineering communications and
analysis of meteorological
Stanford
CA, USA
types. In the course
of University,
research every
possible source of radionuclides entering the air environment has been
assessed in theContact:
area of interest.
Background
emifft@yahoo.com characteristics of radionuclide contamination in the area of interest
are estimated. The mean concentration of natural and man-made radionuclides in the environment was found to
be at the background
of global
fallout
for this
region
in quite
Kazakhstan.
Based
on activities,
on the
the
Conventional
wisdom level
has long
held that
North
Korea
would
likely be
the most
difficult materials
case among
comprehensive
of selected
sites the
wereCTBT
prepared.
eight
remaining survey
states that
must ratify
for it to enter into force. The recent personal involvement of
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical
for it toEngaging
refuse to joinYoung
the CTBT
and insist on The
preserving
right
to test
such weapons.
At leastinsigning
the
T5.3-P22
Generation:
Casea of
Ural
Federal
University
Russia
CTBT would be a logical and effective early step for North Korea, in what looks to be a long and difficult
process to a broader
political settlement. This could be accompanied by North Korea’s support for, and
E. Mikhaylenko
Institute
of International
Relations,
Russian
participation in,Ural
the Federal
activitiesUniversity,
of the CTBTO,
including
verification.
LessonsYekaterinburg,
from the negotiation
ofFederation
earlier arms
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
Contact:
ekamikhaylenko@gmail.com
guide the orderly
and verifiable
transition of North Korea to a Non-Nuclear Weapon State and party to the
CTBT.
Since 2013, Ural Federal University has been promoting the Comprehensive Nuclear-Test-Ban Treaty and its

verification regime. This has been done via educational and research programs. Over the past three years, an
annual survey
on CTBT has been conducted by 100 students of International Relations at Ural Federal
Poster
Presentations
University. The survey shows that between 30 to 40 percent of IR students know about the CTBT, although this
is the percentage of students who attend the nuclear non-proliferation course. The survey provides results about
the future role of younger generation in decision-making and personal contribution to promote the CTBT.
T5.1-P3
Entrythe
into
Force: of
Breaking
Stalemate
Moreover, theCTBT
survey shows
importance
the CTBTthe
dissemination
of information, and about the various
institutions of nuclear non-proliferation regime. Despite the patriarchal mentality and little belief in the personal
S. Ullah
contribution to nuclear non-proliferation regime, more than half of the respondents assert that the role of youth
Center for International Strategic Studies, Islamabad, Pakistan
is becoming increasingly essential in the modern world, and the young generation should have the upper hand in
sufianullah@gmail.com
forming a safeContact:
and sustainable
world.

Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
T5.3-P23
Enhancing
Awareness
of the agenda.
CTBTO/CTBT
Using Social
Media
one
of the oldest
yet hardest Public
fought items
on disarmament
Given their perceived
security
interestsY
and
diverging nuclear ambitions,
1 the abstaining
2 states continue to point fingers at each other for not being politically
M. Kariuki , H.M. Sheikh
sincere towards1 Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
Jomo Kenyatta University of Agriculture and Technology, Juja, Kenya
undermines the2 prospects of global disarmament that are already marred by differences on mutually agreeable
University of Nairobi, Kenya
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
Contact: karingakariuki@gmail.com;karinga.moses2017@students.jkuat.ac.ke
to get into legally-binding
mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
Social media
has or
become
a very important
part ofon
ournon-testing
lives over of
thenuclear
past decades,
from
withmay
people
binding
bilateral,
even multilateral,
agreements
weapons,
theinteracting
goal of CTBT
be
all
over
the
world
to
selling
products
and
even
creating
awareness
for
various
campaigns.
Social
media
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
campaigns
have proved
to be the
veryprospects
effectiveofmethods
to capture
people’s
attention,
the ALS ice bucket
bilateral
agreement
with India,
this graduated
regional
approach
appearwith
bright.
challenge being one of the most significant one, but over the past couple of years social media challenges have
evolved from the ice bucket challenge and planking type to more creative and artistic challenges. Some
examples of these are the kiki challenge in 2018 which involved dancing, the invisible challenge which involves
T5.1-P4
the which
CTBT's
Verification
Provisions
Promoting
Entry-Intoacting and theLeveraging
lip sync challenge
involves
singing along
to popular for
songs
just to mention
a few. Coming
up with such aForce
social media challenge for the CTBTO could capture the people's attention and create an avenue
for more serious conversations
about ratifying the treaty and spreading the CTBT’s agenda especially to the
M. Hoell1, Y. Woo2
youth.
1
European Leadership Network, London, UK
2
Hudson Institute, Washington, DC, USA
mhoell@outlook.com
T5.3-P24 Contact:
Equipping
the Next Generation of Nuclear Explosion Watchers - CTBT
Educational
Materials
a Useful
Resource
The CTBT's verification provisionsespecially
the IMS
-are unparalleled in arms control agreements. Yet,

verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
E.O. Amartey
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Ghana Atomic Energy Commission, Accra, Ghana
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back fromContact:
the moreedalaska2000@yahoo.com;e.amartey@gaecgh.org
rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
The CTBT
like anyinother
international
require
public knowledge
its existence
universal
become
a buzzword
the framework
of agreement,
the Treaty on
the Non-Proliferation
of of
Nuclear
Weaponsfor
(NPT).
We
acceptance
and
promotion
of
its
primary
goal.
For
the
CTBT
to
remain
relevant
to
the
next
generation,
there
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
should
effortout
at what
providing
adequate
information
technical,
scientific,context,
legal and
the
NPTbein consistent
trying to work
verification
would
look likeon
in athe
nuclear
disarmament
but political
also for
aspects
of
the
Treaty.
Mindful
of
this
fact,
the
CTBTO
has
a
number
of
public
educational
resources
available
to
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's
Republic
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Atmospheric
Boundary
Layer
as a Laboratory
Modeling
Infrasound
increase
the knowledge
of the general
public. These
educational
resources arefor
to create
understanding
of the
Treaty’s relevance and
contribution and
to international
peace
and Atmosphere
security thereby enhancing the nuclear test ban
Propagation
Scattering
in the
verification compliance as desired. The
CTBTO also
employ a couple
of public 1web-portals such2as Knowledge 2
1
1
1
Chunchuzov
S. Kulichkov
, V. Perepelkin
, O.iTunes
PopovU, A.
G. Ayvazyan
and Training Portal I.
(KTP),
CTBTO ,Youth
Group (CYG),
CTBTO on
for Vardanyan
educational ,purposes.
The
1
Obukhov
Institute
of Atmospheric
Physics,
Academy
Science, Moscow,
Russian
CTBTO Youth GroupA.M.
platform
is one
of such
useful platforms,
thatRussian
engages
the nextof generation
of nuclear
Federation
explosion watchers 2and
build their interest in the verification regime. It is now the turn of NDCs at the local
Barva
Innovation
Center, Talin,
Armenia
level of individual State
Signatories
to publicize
the Treaty
and its verification regime as well as the continuous
role it is playing in non-verification-related
applications to mitigate disasters.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
T5.3-P25
Establishment of an Academic and Research Network Under the CTBTO
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Umbrella
thin layers
of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from
the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
D. Dimitrov
similar to
the
mechanism
of scattering
of Economy,
signals from
ground
surface explosions by layered nonhomogeneities
University
of National
and World
Sofia,
Bulgaria
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Contact:
ddimitrov@e-dnrs.org;dimdim@unwe.bg
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
Science in the modern world is increasingly interdisciplinary. The CTBT: Science and Technology conference is
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
a great example with its five sections. In order to broaden and strengthen the engagement of the scientific
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
communities working in the monitoring ban test, including young scientists, and to enhance the geographic and
This work was supported by RFBR N 18-55-05002
gender representations of these communities, there is a strong need for a suitable platform for partnership
through which CTBTO, educational and research institutions, as well as other stakeholders to cooperate and to
promote the core mandate’s objectives of the CTBT and additional sustainable social and economic goals. My
T1.1-O4
of Radioisotopes
proposal
to CTBTOClimate
governingChange
bodies isThrough
to prepare the
the Eyes
establishment
of an academic and research network
under the CTBTO umbrella 1which can serve in
of the organization. Best practices of
2 the best way
3 to the goals
4
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
other organizations might
be used. IAEA for example has several academic, research and training networks –
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
among them INSEN
2 (International Nuclear Security Educational Network) and NSSC Network (Nuclear
CTBTO Preparatory Commission, Vienna, Austria
Security Support Centers
Network). Similar networks exist at OSCE, EU European network of independent
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
non-proliferation think
tanks in support of the implementation of the European Union strategy against
4
TU Wien Atominstitut, Vienna, Austria
Proliferation of Weapons
of Mass Destruction, UNODC ACAD network, etc.
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact:of
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
T5.3-P26 Estimation
Ionizing Radiation Risk and Their Effects as a Method of
Approach
to
Data
Products
Cosmogenic radionuclides beryllium-7
and sodium-22 are known atmospheric tracers and can be used together

in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
Gea progression
Izquierdo and speed of atmospheric cells. Data show that the cells are decelerating during the
allows toE.study
Pontifical
Catholic
University
of Ecuador,
summer period which
is extending
in time.
This isQuito,
causedEcuador
by warming of the whole troposphere and increased
tropopause
height enriquegea@yahoo.es
due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Contact:
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
Introduction:
Releases
of radionuclides
produce events
and their characteristics
can
be estimated
based
on the for
deceleration
of atmospheric
cell movement.
This demonstrates
that 7Be and
22Na
can be used
as indicators
data products
collected
(characterization
of
the
source
and
signals),
but
this
is
a
proceeding
that
shows
huge
confirming several side effects of climate change while providing a new modelling tool in seasonal
weather
risks and
is
not
always
possible.
Objective:
To
ensure
compliance
with
the
Treaty,
describe
the
scientific
basis
forecast.
of risk estimation (RE). Methodology: The most important source of data to RE of ionizing radiation is the
group of atomic bomb survivors. Considering the characteristics of this group and the epidemiological data of
low LET radiation (medical exposures of thyroid and breast, patients undergoing radiotherapy in the UK to
Detection
Efficiency
of the
forsecondary
Bolidescancers in women treated for cervical
relieveT1.1-O5
pain associated
with ankylosing
spondylitis
andIMS
data on
cancer) quantitative P.RE
is performed.
Brown,
N. Gi Results: Relevance of the origin of data on the effects of radiation,
transport of risks between
populations,
dose-response
and risk projection models are showed.
University of Western Ontario,
London,function
ON, Canada
Conclusion: Occasionally interpretation errors occur due to sample size, lack of controls, strange effects
different from thoseContact:
producedpbrown@uwo.ca
by radiation, inadequate dosimetry and lack of a sufficiently large dose range.
Since radiation risks may be diverse for another population, it’s necessary to establish a procedure that allows
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
results extrapolation to other human populations.
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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T5.3-P27 North
Evidence
Based
T5.1-O3
Korea
andProposition
the CTBT to Make IMS and IDC Data Available for Use
Through Climate Change Education in the Context of Education for
E.M. Ifft
Sustainable
Development,
Promoting Peace and Climate Change Resilience
Stanford
University,
CA, USA
in Africa. Y

Contact: emifft@yahoo.com
J.O. Obengo
Conventional wisdom
long heldNairobi,
that North
Korea would quite likely be the most difficult case among the
Kenyattahas
University,
Kenya
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
okundij2005@yahoo.com;joel.obengo@ku.ac.ke
the Presidents Contact:
of the U.S.,
South Korea and North Korea may make this achievement less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
Evidence based propositions are developed using a thematic analysis of the data set. Adaptation related projects
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
are those that help reduce the vulnerability of human and natural systems to the current and future impacts of
CTBT would be a logical and effective early step for North Korea, in what looks to be a long and difficult
climate change and climate-related risks, increasing or maintaining adaptive capacity and resilience in the
process to a broader political settlement. This could be accompanied by North Korea’s support for, and
targeted regions and countries through use of IMS and IDC data. A large number of observation associated with
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
project implementation experience are reviewed to identify good practices that have significant implications for
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
practice, for which there is robust evidence which might be expected to be worth considering in other
guide the orderly and verifiable transition of North Korea to a Non-Nuclear Weapon State and party to the
circumstances and initiatives. The resulting proposition are statements of good practices with some aspects of
CTBT.
strategies to educate the policy makers and general population on availability and applicability of IMS and IDC
data sustainably through non-formal learning spaces, theoretical perspectives of disaster mitigation for
sustainable
development that if adopted are expected to improve biodiversity conservation efforts, bend the
Poster
Presentations
curve of conflict and food security outcomes. The propositions are intended to inform design decisions, improve
implementation but also structure debate and learning on effective practice .Each proposition is supported by
explanations that expands proposition, summary of public evidence, example of projects that ground the
T5.1-P3
into Force:
theofStalemate
proposition inCTBT
contextEntry
and practice,
designBreaking
implications
proposition for new interventions, hypothesis
consequencesS.for
environmental
education,
summary
of
assumption
underpinning the proposition and a
Ullah
summary of Center
counterforviews
and counter
evidence
to Islamabad,
the proposition.
They are grouped into: values and
International
Strategic
Studies,
Pakistan
principles, theoretical perspectives, strategies for integration in non formal learning and partnerships and
Contact: sufianullah@gmail.com
networks.
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
T5.3-P28
Extended-NDC-in-a-Box
Experience
at theGiven
Israel
National
Center
one
of the oldest
yet hardest fought items on disarmament
agenda.
their
perceivedData
security
interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
Ben Horin,
Bregman,
Y. stalemate
Radzyner,has
D.not
Kopolovich,
Elkayam,
sincere towardsY.Treaty’s
entryY.
into
force. This
only haltedT.any
progressM.
onBettan
the Treaty but also
Soreq
Nuclear
Research
Center,
Israel
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
mechanism to pursue
it. This
scenario calls for exploring innovative ideas on how to convince abstaining states
Contact:
yaelr@ndc.soreq-ndc.gov.il
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
The Extended-NDC-in-a-Box
(ENIAB)
is in
anfinding
integrated
data to
acquisition,
and analysis
platform
for
region
oriented approach may prove
useful
solution
the globalprocessing
problem. Through
verifiable
legally
NDCs, which
wasordeveloped
by the IDC.
ENIAB on
contains
several
packages the
including
binding
bilateral,
even multilateral,
agreements
non-testing
of software
nuclear weapons,
goal ofSeisComP3
CTBT mayand
be
Geotool.gradually.
In the poster
will
summarize
ourPakistan,
experience
implementation
and adaptation
ENIAB
at the
pursued
Givenwethat
some
states, like
haveofexpressed
willingness
to enter intooflegally
binding
Israel NDC.
The Israel
on three
separate
computers
instead
of as a single virtual
bilateral
agreement
with NDC
India,has
the installed
prospectsthe
of ENIAB
this graduated
regional
approach
appear
bright.
machine. The package was divided so that one machine holds the SeisComP3, another runs Geotool, and the
third holds PostgreSQL databases. We have installed two databases- a database which serves the SeisComp3
automatic event parameters, and an osdb database which serves Geotool. We use ENIAB tools such as proc2css
T5.1-P4
the CTBT's
Verification
Provisions
forusPromoting
Entry-Intoto export dataLeveraging
from one database
to the other.
The ENIAB package
enables
to combine data
of IMS stations
Force
and IDC processing results with data from national and other networks. All waveforms and automatic arrivals
and origins are imported
into Geotool for further manual processing
M. Hoell1, Y. Woo2
1
European Leadership Network, London, UK
2
Hudson Institute, Washington, DC, USA

T5.3-P29 Feminist Perspective on Disarmament Y

Contact: mhoell@outlook.com
M.D. Slessor
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
University of Waterloo, ON, Canada
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
Contact:
effective verification
has morganslessor95@gmail.com
not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
Nuclear weapons represent the unparalleled risk of catastrophic destruction to human civilization. An underrated
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
aspect of nuclear weapons is the idiosyncratic gendered nature of it which makes the prospect of a nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
weapon detonation especially devastating to women. Women are critically underrepresented in negotiations and
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
high level
decision
making
positions.
has led to should
the quagmire
the disarmament
community
finds
argue
that the
CTBT's
contribution
to This
armsimbalance
control verification
be leveraged
not only for
strengthening
itself in. The lack of female perspective and input on the discourse and debate of nuclear weapons and
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
disarmament is especially egregious. Nuclear politics sits at the intersection of the sciences and international
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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Boundary
Layer
asand
a Laboratory
for Modeling
Infrasound
relations,
two fields Atmospheric
which have struggled
with gender
parity
issues of representation.
As a result
of the lack
of meaningful representation
and theand
relative
youth of the
discourse has become inundated with gendered
Propagation
Scattering
in field
the Atmosphere
language. The abundance of masculine
gendered language
in use has
made it an1 unwelcoming field
for women 2
1
1
1
2
I. Chunchuzov
, S.utilize
Kulichkov
, V. Perepelkin
, O. Popov
, A. in
Vardanyan
, G.Meaningful
Ayvazyan
who are face adversities
unless they
masculine
gendered language
speak
their terms.
1
A.M. Obukhov
Institute
of Atmospheric
Physics, language
Russian Academy
of Science,
Russian
progress towards disarmament
cannot
occur until
issues of gendered
and gender
parity areMoscow,
dealt with.
Disarmament, as it 2isFederation
generally conceived, is a feminine act and as long as normative masculine values are
Barva Innovation
Center, Talin, Armenia
favoured, total disarmament
is impossible.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
T5.3-P30
Goal 9. Build Resilient Infrastructure, Promote Inclusive and Sustainable
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
and
Foster
Innovation
Y profiles of wind velocity fluctuations in the
min) by Industrialization
an artificial detonation
source
are presented.
The vertical

thin layers
of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
K. Burmistrov
pulses from
the source.
It isNuclear
shown that
the mechanism
of scattering
of pulse
signals in a stably stratified ABL is
National
Research
University
MEPhI, Moscow,
Russian
Federation
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Contact:
burmistrovks@yandex.ru
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
The CTBT can make a major contribution to the achieving of the 9th of the SDG by bringing of groundbreaking
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
technologies to developing countries. The paper reviews 5 proposals for CTBT that would pave the way for
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
accomplishment of the 9th goal. All proposals were chosen after analysis of the CTBTO sphere of activities and
This work was supported by RFBR N 18-55-05002
review of global problems which are impeding the achievement of the 9th goal. The first two proposals related
to IMS system and its capacity to build resilient infrastructure. Two next proposals are connected with the usage
of CTBTO Data Centre. The fifth proposal bounded up with the global promotion of innovations among the
Climate
theCTBTO
Eyes of
Radioisotopes
youth.T1.1-O4
It is hoped ideas
in thisChange
proposals Through
may help the
contribute
to fulfillment of the 9th goal of the
SDG.
1
2
3
4
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
T5.3-P31 How3the
CTBTO
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Increases
and Develops
the NDCs
Central
Institution
for Meteorology
and Geodynamics
(ZAMG),
Vienna,Technical
Austria
Staffs4 TU
Knowledge,
Experiences
and Skills, JO-NDC as an Example
Wien Atominstitut,
Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
W. Olimat
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Jordan Seismological Observatory, Amman, Jordan
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Contact: w.olimat@gmail.com;Walid.Olimat@memr.gov.jo;waleedolimat@yahoo.com
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
NDC-JO
participated
NDC capacity
building
and NDC
trainingmeasurements.
courses which This
are very
in astaffs
lock-in
techniqueintomany
effectively
trace vertical
airactivities
masses based
on surface
technique
usefulallows
for them
in
their
work
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and
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(Jordan
Seismological
Observatory).
They
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and the
to study progression and speed of atmospheric cells. Data show that the cells are decelerating during
participating
Training
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for Technical
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Course
onwhole
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:
summerin:period
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in time.
ThisofisNDC’S,
caused Training
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and IDC Products,
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CO2Data
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E-Learning
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thatand
led IDC
to almost
stationary
thunderstorms
correlated
with
the observed
Building:
Access
and
Application
of
IMS
Data
and
IDC
Products,
NDC
Waveform
Training
Course
using for
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators
SeisComP3,
NDC
Waveform
Analyst
Training
Course,
The
African
Regional
Infrasound
Workshop
confirming several side effects of climate change while providing a new modelling tool in seasonaland
weather
Integrated
Training for NDCs, NDC Capacity Building: NDC Infrasound Data Analysis Training, 6th Workshop
forecast.
on the Operation and Maintenance (O&M) of the IMS ,3rd OSI training Cycle, OSI workshops, Infrasound
Technology Workshops, CTBT Advanced Science Course: "Around the Globe and Around the Clock: The
Science and Technology of the CTBT" ,CTBT Diplomacy and Public Policy Course, SNTs: CTBT Science and
T1.1-O5
Detection
Efficiency
of the
Bolides
Technology
Conferences
(2011, 2013,
2015, 2017
and IMS
2019),for
NDC
Infrasound Data Analysis Training.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

T5.3-P32 Implementation
of Capacity Development and Public Awareness for CTBT
Contact: pbrown@uwo.ca
Verification Regime in Myanmar

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
M.S. Aung, A.A. Toe
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
Ministry
of Education,
National
Analytical
Labarotory,
detections.
We found
206 of these
bolides
were detectable
by atYangon,
least oneMyanmar
infrasound station while only 42 were
automatically
registered
as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Contact:
dr.myatsoeaung@gmail.com
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Myanmar
signed
the CTBT
1996 the
and1 ratified
it indesign
2016. threshold,
As a CTBT
state, ofMyanmar
to
which
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20%.inAbove
kT CTBTO
we ratifying
find that 40%
airbursts needs
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in
implement
the capability
development
anddetectable
public awareness
concerning
with CTBT
verification
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the REB,
while more
than 90% are
at one or
more infrasound
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All airbursts
withWhen
energy > 2
implementing
the CTBT
Myanmar
considered
the linkage
between CTBT
and sustainable
kT reported
on the verification
JPL fireballregime,
site since
2007 have
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However,
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the country
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source, correctly
analyzing
andand
interpretation
of the collected signals. The seismic, hydroacoustic, infrasound
T5.1-O3
North
Korea
the CTBT

and radionuclide technologies are important technologies for understanding the signals generated by a nuclear
E.M. Ifft
explosion. Various
capacity development and public awareness are important. Civil society, change school
Stanford University,
CA, organizing
USA
curriculum, participation
in process,
workshops and seminars are carried out by policy makers'
decision. International
collaboration
and
citizen
awareness
is needed to understand the CTBTO verification
Contact: emifft@yahoo.com
system for monitoring the nuclear explosions in a global context. The Atomic Energy Division (AED) will
collaborate with
external
agents
to get Korea
humanwould
resource
forlikely
NDCbe
implementation
in Myanmar.
Young
Conventional
wisdom
has funding
long held
that North
quite
the most difficult
case among
the
scientists,
science
administrators
and representative
achieved
from The
this recent
national
development
initiative.
eight
remaining
states
that must ratify
the CTBT for will
it tobe
enter
into force.
personal
involvement
of
ThisPresidents
is focused of
on the
research
development
in areas
relevant
the Treaty's
verification
regime.than
the
U.S.,and
South
Korea and
Northpotentially
Korea may
maketo this
achievement
less distant
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
CTBT
would be
a logical and effective
early step and
for North
Korea, in what
looks to beofa the
longRepublic
and difficult
T5.3-P33
Implementation
of Research
Development
Obligations
process to a broader political settlement. This could be accompanied by North Korea’s support for, and
of Kazakhstan on CTBT
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
control agreements,
as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
K. Donbayev
guide the orderly
and
transition
of North
Korea
to a Non-Nuclear Weapon State and party to the
Institute verifiable
of Geophysical
Research,
Almaty,
Kazakhstan
CTBT.
Contact: u_igibaev@mail.ru
Kazakhstan
has been actively supporting the activity of Preparatory Commission (PC) for the Comprehensive
Poster
Presentations

Nuclear-Test-Ban Treaty (hereinafter – the Treaty) in virtually all fields of creating and improving main
elements of the verification regime. The Treaty has been signed by Kazakhstan in 1996 and ratified by the
Parliament in 2001. In 2007 an Agreement has been ratified with PC of the Treaty Organization "On
T5.1-P3
CTBT
Entry including
into Force:
Breaking the
implementation
of activities,
post-certification
ones,Stalemate
at the facilities of international monitoring in
support of the Treaty". Within the framework of the above mentioned governing documents five stations of the
S. Ullah
International Monitoring System (IMS) have been created – a network of 4 seismic monitoring stations, an
Center for International Strategic Studies, Islamabad, Pakistan
infrasound monitoring station, Kazakhstan National Data Center and a corresponding communications system in
Contact:
sufianullah@gmail.com
Kazakhstan during
the period
from 1999 till 2006. Based on the initiative from Kazakhstan and in accordance
with the resolution of PC of the Treaty Organization four field experiments on on-site inspections held on the
Despite
on nuclear
being1999
the till
cause
of unending
race the
or linchpin
deterrence,
territorydifferences
of former STS
during weapons
the periodasfrom
2008.
The reportarms
presents
results ofoflongstanding
there
has
been
general
consensus
on
the
need
for
nuclear
disarmament.
Putting
a
ban
on
nuclear
tests
remains
work of IMS and their impact on the regime of nuclear tests control.
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
T5.3-P34 theInprospects
a Hopeofofglobal
Nondisarmament
Nuclear World
undermines
that are Y
already marred by differences on mutually agreeable
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
S. Kumar
to get into legally-binding
Drawing inference from the idea of Nuclear Weapons Free Zones, a
CTBTO Youthmechanism.
Group - India
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
Contact:
binding bilateral,
or evenshailesh@ssrdigital.com;shailesh@ssrdigital.com
multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
As an aspirational youth of 21st century, I am guided by the visions of Mahatma Gandhi to create a world,
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
which is free from want and free from fear, a world shaped by the ideas free of violence. Hence, after working
for nearly a decade as a senior software engineer, I quit my job to pursue this vision and devoted myself to the
cause envisaged by Gandhi Ji. I am currently co-founder and chairman of Incredible Bharat Foundation
T5.1-P4
LeveragingAt
theIBF,
CTBT's
Provisions
for universal
Promoting
Entry-Into(http://www.ibfonline.org).
we aim Verification
to promote communal
harmony,
brotherhood
and global
Force
peace including
propagation of cultural heritage, arts and literature. Here, we strive to promote and advocate
human rights and fundamental
freedoms
for all without any discrimination of race, religion, color, sex and
2
Hoell1, Y.
Woo
language. As M.
a
member
of
CTBTO
Youth
Group (CYG), I aim to undertake, organize, conduct and facilitate
1
European
Leadership
UK aspects of nuclear non-proliferation and against
conferences, 2lectures,
research
and Network,
educationLondon,
on various
Hudson
Institute,
Washington,
DC,
USA
destructive impacts of nuclear explosions. CYG shall also give an opportunity to engage and interact on a
common platform
with mhoell@outlook.com
youth leaders. I am also technologically skilled to develop solutions for propagation and
Contact:
perpetuation of the afore-mentioned objectives.
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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Availabilities: A Case Study of
1
1
Senegal
I. Chunchuzov , S. Kulichkov , V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2

1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
C.A.B. Dath1, C. Thiandoume2, M. Ndiaye3, A. Diallo4
Federation
1
Ministère
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2
Barva Innovation Center, Talin, Armenia
numérique (MCTPEN), Dakar, Senegal
2
Contact:
igor.chunchuzov@gmail.com
Ministere
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Supérieur, de la Recherche et de l'Innovation (MESRI), Dakar,
Senegal
The experimental
of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
3
UFR desresults
Sciences
de l’Ingénieur, Université de Thiés, Senegal
boundary4 Institut
layer (ABL)
on
fluctuations
of the parameters
of acoustic
pulses generated with a certain period (1
de Recherche
pour le Developpement
(IRD),
Mbour, Senegal
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
Contact:
thin layers
of the bambadath@yahoo.fr;bambadath@gmail.com
ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Many African countries are holding IMS stations and National Data Center (NDC) to fulfill their responsibilities
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
on behalf of the CTBTO and the treaty. The operation of this facilities has usually been placed under the
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
responsibility of station operators, NDC authorized staff or other institutional focal points. In many cases, the
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
facilities are located in fare areas where visits for maintenance or supervision by designated staff are not easy to
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
organize in terms of material and financial provisions. Communications and information about the CTBTO and
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the treaty provisions and IDC data applications and importance among decision makers, universities researchers,
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
general services staff, including electrical and ICT technicians, living or working in focal points institutions,
This work was supported by RFBR N 18-55-05002
sites facilities, former agents involved in operation and maintenance of the CTBTO equipment were developed
during the last years. This approach combines formal and informal considerations to overcome lack of financial
support, human resource, material resource. The result was the establishment of an inclusive multidisciplinary
T1.1-O4
Change
Through
theinEyes
of Radioisotopes
community,
serving Climate
as the treaty
principles
and helping
the maintenance
of requirements and communicating
with officially appointed focal
maintenance and
1 points in regard2 to reduce time
3 and cost
4 related to supervision,
L. Terzi , M. Kalinowski , G. Wotawa , P. Saey , M. Schoeppner5, I. T. Hoffman6
by the way increasing
1 the availability of the facilities.
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
T5.3-P36 Increasing
Role
of the CTBT
TU Wien
Atominstitut,
Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
G. Omarova
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Fesenkov Astrophysical Institute (FAPHI), Almaty, Kazakhstan
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Contact: gulnara.omarova@gmail.com
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
50 years
use of tonuclear
bombs,
testing
nuclear
explosions
open atmosphere,
the
in a after
lock-infirst
technique
effectively
traceand
vertical
air of
masses
based
on surfacein measurements.
This technique
Comprehensive
Nuclear-Test-Ban
Treaty
(CTBT)
was
opened
for
signature
on
24
September
1996,
and
an the
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during
absolutely
unique
international
norm on nuclear
established.
The Treaty
explosions
by
summer
period
which is extending
in time.testing
This iswas
caused
by warming
of the bans
wholenuclear
troposphere
and increased
everyone,
everywhere:
thetoEarth's
in the atmosphere,
underwater
underground.
Now, the systems
CTBT over
tropopause
heighton
due
rising surface,
CO2 concentrations.
Aestival
episodes and
of persistent
high-pressure
makesEurope
it verywith
difficult
for countries
to develop
bombs
for thethunderstorms
first time, or are
for correlated
countries that
low pressure
gradients
that lednuclear
to almost
stationary
withalready
the observed
have them,
to make
more powerful
It also
the huge
by radioactivity
from for
deceleration
of atmospheric
cellbombs.
movement.
Thisprevents
demonstrates
thatdamage
7Be andcaused
22Na can
be used as indicators
nuclear
explosions
to
humans,
animals
and
plants.
However,
CTBTO's
monitoring
stations
picked
up
an
unusual
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
seismic
event in the Democratic People’s Republic of Korea (DPRK) on 3 September 2017. In this presentation
forecast.
we are considering some aspects of the present international policy, possible reasons of newly challenges in the
international area, the importance to reinforce a joint call for the prompt entry into force of the CTBT, and
increasing role of the Treaty in a global policy context.
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Detection Efficiency of the IMS for Bolides

P. Brown, N. Gi

University
of Western Ontario,
London,
ON, Canada
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Software
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Contact:
O. Cabezas,
P. pbrown@uwo.ca
Garcia
Chilean
Nuclear
Energy Commission
(Comisión
Chilena de
Energía on
Nuclear),
Chile website
In this study we examined
344 bolides
(airbursts)
reported
the Santiago,
JPL CNEOS
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
Contact: omar.cabezas@cchen.cl;omar@isjom.com
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
Thanks
to CTBTO we
have a complete
where we
canBulletin
record many
the activities
carried
out by
local this
automatically
registered
as part ofplatform
the Reviewed
Event
(REB)ofissued
daily by
CTBTO.
However,
operators,
station
operators
or
station
managers
every
day.
However,
there
are
many
other
internal
aspects
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
involving
only
managers20%.
that we
needthe
to 1automate
for all
that threshold,
involve administration
of CTBT
in each are
country
which
approaches
Above
kT CTBTO
design
we find that 40%
of airbursts
reported in
regarding;
management
of contracts,
finance,
invoicing,
reports,
internal
the REB,
while more
than 90%land
are lease,
detectable
at one
or moreequipment
infrasoundtracking,
stations.internal
All airbursts
with
energy > 2
maintenance,
training
of our
science,
agreements
with other institutions,
Theis only
kT reported
on the
JPL personnel,
fireball siteapplications
since 2007 in
have
been detected
infrasonically.
However, theetc.
REB
development
this Software
is tothe
make
the management
process not
easier
together
with atallleast
that four
involves
all with
completeof above
15 kT with
automated
detection system
having
reported
airbursts
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aspects relatedNorth
to CTBT
monitoring
stations
and National Data Centers in only one platform. Another important
T5.1-O3
Korea
and the
CTBT

aspect is to be able to unite Spanish-speaking countries and be interconnected to solve common problems that
we must solveE.M.
day Ifft
by day. This software will start from our NDC website through a personal account, it is
Stanford
University,
CA,
USA the management of their stations and the National Data Center.
intended that all
countries
can better
organize
Contact: emifft@yahoo.com

Conventional
has long held
that North
Korea
would quite
likely
be the most
difficult
case among
T5.3-P38 wisdom
International
Outreach
and
Training
on the
Regional
Seismic
Travel
Timethe
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
(RSTT) Method
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
1
2
4 nuclear weapons, it would not be
previously believed.
In view
North Korea’s
stated3, willingness
up its
S. Myers
, M.of
Begnaud
, I. Bondár
R. LaBras4,toA.give
Agrebi
logical for it to 1refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
Lawrence Livermore National Laboratory, Livermore, CA, USA
CTBT would be
2 a logical and effective early step for North Korea, in what looks to be a long and difficult
Los Alamos National Laboratory, Los Alamos, NM, USA
3
process to a broader
political Centre
settlement.
This could
accompanied
by North Hungary
Korea’s support for, and
MTA Research
for Astronomy
andbeEarth
Sciences, Budapest,
participation in,4 the
activities
of the CTBTO,
including
verification.
CTBTO
Preparatory
Commission,
Vienna,
Austria Lessons from the negotiation of earlier arms
control agreements, as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
Contact:
myers30@llnl.gov
guide the orderly
and verifiable
transition of North Korea to a Non-Nuclear Weapon State and party to the
CTBT.
The Regional Seismic Travel Time (RSTT) model reduces travel time prediction errors for phases (Pn, Pg, Sn,

and Lg), which are commonly used for seismic event location. Reduction of travel time prediction errors leads
directly to
reduction of event location errors, which is critical to CTBT verification. The CTBTO-PTS has
Poster
Presentations
incorporated RSTT into 8 international training activities since 2012. In addition, RSTT has been the focal point
of 10 special sessions at scientific conferences. As a result, NDC personnel and academic researchers from
Africa, Asia, Australia, Europe, North America, South America, The Middle East, and Oceana, have been
T5.1-P3
EntryTraining
into Force:
Breaking
the Stalemate
trained in theCTBT
use of RSTT.
sessions
and professional
conferences foster international collaborations
that have contributed geophysical information and data that improve the RSTT earth model. These
S. Ullah
improvements extend the geographic coverage of RSTT tomography and supply important ground-truth data
Center for International Strategic Studies, Islamabad, Pakistan
that make travel time calculations more accurate in areas where scientific collaboration has taken place. These
Contact:
sufianullah@gmail.com
data contributions
and the
RSTT model are openly available to all NDCs and the broader research community.
The presentation will review RSTT international training sessions and detail the effort to establish RSTT as a
Despite
on nuclear
weaponsseismic
as being
thetimes.
cause of unending arms race or linchpin of deterrence,
standarddifferences
for the calculation
of regional
travel
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
T5.3-P39
Is Notentry
About
"Know-How",
Itnot
Is only
About
"Why"
and "How-To"
sincere
towardsItTreaty’s
into the
force.
This stalemate has
halted
any progress
on the Treaty but also
Knowledge.
undermines theSpread
prospectsthe
of global
disarmament that are already marred by differences on mutually agreeable
mechanism to pursue it. This scenario
calls1 for exploring1innovative ideas
on how to convince
abstaining
states
1
1
1
2
G.A. Fernandez
, M. Nieto
, T. Griffiths
, F.from
Jauregui
, M.R.
Vidaurre
, R. Tintaya
,
to get into legally-binding
mechanism.
Drawing
inference
the idea
of Nuclear
Weapons
Free Zones,
a
3
Arce
region orientedW.
1 approach may prove useful in finding solution to the global problem. Through verifiable legally
Observatorio San Calixto, La Paz, Bolivia
binding bilateral,
2 or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
Universidad
de Sanlike
Andrés
(UMSA)
Carrera Física,
La Paz,
pursued gradually.
Given thatMayor
some states,
Pakistan,
have– expressed
willingness
to Bolivia
enter into legally binding
3
Universidad
Mayor
de
San
Andrés
(UMSA)
–
Carrera
de
Ingenieria
Civil,
La Paz, Bolivia
bilateral agreement with India, the prospects of this graduated regional approach appear
bright.
Contact: director@osc.org.bo
Spreading the knowledge acquired for more than 100 years in seismic and hazard monitoring to society was not

T5.1-P4
theweCTBT's
Verification
Provisions
Promoting
an easy task Leveraging
to fulfill because
are a nonprofit
institution
with small for
budget
compared Entry-Intowith another nonForce
governmental institution that works with other hazards. Despite the financial issue, we decided to start the

Knowledge Spreading 1 using low
cost methods and the most important part of the plan we applied our
M. Hoell , Y. Woo2
imagination and
the importance of the IMS network in order to have more attention from the local authorities
1
European Leadership Network, London, UK
and of course2 the society. Taking advantage of the importance role of our institution on the operation and
Hudson Institute, Washington, DC, USA
maintenance of three IMS stations (PS06, AS08 and IS08) and the civil application to the data we could catch
Contact:
the attention from
Civilmhoell@outlook.com
Defense vice Minister who included us as the main point of information for teaching
about the earthquakes in our country. Later we could produce a document called "Seismic Culture" addressed to
The
verification
provisionsespecially the
IMShomes
-are unparalleled
in arms
control agreements.
Yet,a
childCTBT's
and teenagers
who diffused
the knowledge
to their
and then to the
neighborhood.
Finally we had
verification
concerns
were
key
in
the
1999
US
Senate
rejection
of
the
CTBT.
More
generally,
the
role
of
seismic simulation on a school and five towns, because we showed the importance of IMS network.
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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T5.3-P40
KAIST
NEREC for
Developing
Human
Capital for Global
Nuclear
Propagation and Scattering in the Atmosphere
Nonproliferation
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
M. Yim
1
A.M. Obukhov
Institute
of Atmospheric
Physics,Daejeon,
Russian Republic
AcademyofofKorea
Science, Moscow, Russian
Korea Advanced
Institute
of Science
and Technology,
Federation
2
Contact:
msyim@kaist.ac.kr
Barva
Innovation Center, Talin, Armenia
Contact: igor.chunchuzov@gmail.com
While the global community
continues much efforts to reduce the threat of nuclear weapons, nuclear
proliferation remains one of the top international security concerns. Given various challenges in nuclear
The experimental
the effect
a fine-scale layered
a stably
stratified
atmospheric
nonproliferation,
KAISTresults
startedofastudying
new human
capitalofdevelopment
programstructure
in 2014ofcalled,
NEREC
(Nuclear
boundary
layer
(ABL)
on
fluctuations
of
the
parameters
of
acoustic
pulses
generated
with
a
certain
period (1
Nonproliferation Education and Research Center) Summer Fellows Program in collaboration with world-class
min)
by
an
artificial
detonation
source
are
presented.
The
vertical
profiles
of
wind
velocity
fluctuations
nuclear nonproliferation experts. So far the program has produced 123 alumni students from 30 countries and 54 in the
thin layers
the ABL
been aims
retrieved
using the nuclear
wave forms
and travel times
of theinrecorded
arrivals of
Universities
in theofworld.
Thehave
program
at developing
nonproliferation
specialists
key regions
pulses
from
the
source.
It
is
shown
that
the
mechanism
of
scattering
of
pulse
signals
in
a
stably
stratified
and countries of strategic importance. The program is an intensive 6-week training course including lectures,ABL is
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to the
mechanism
of scattering
of signals
from ground in
surface
explosionsconference,
by layered nonhomogeneities
seminars,
group
discussions,
research
work, field
trips, participation
an international
and various
of
wind
velocity
and
temperature
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the
stratosphere
and
lower
thermosphere.
The
of similarity
parameter
activities for professional networking and development. The multicultural mixture of therole
students
strengthens
here place
the dimensionless
thickness
the reflecting
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which
is the Engineers
vertical scale of
our collective
ability
to see issues from
rich of
diverse
perspectives
and appreciatelayers,
different
cultures.
the layerwith
multiplied
by the experiencing
relative difference
in effective
normalized
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work together
social scientists
synergistic
learning sound
in theirvelocity
problemsand
solving
while integrating
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrival times of
science, technology and policy. By raising people who can responsibly guard the technology with meaningful
the
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is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
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knowledge and connections with the global community, we may have better opportunities to deal with future
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was supported by RFBR N 18-55-05002
globalThis
nuclear
challenges.
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the CTBT
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the German
NDC"
the title of a book on various
CTBT related topicsContact:
by authors
from
the
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National
Data
Centre
(Federal
Institute
for Geosciences and
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Natural Resources in Hannover, BGR) and national partner institutes. Studies on institutional, technical and
Cosmogenic
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tracerswork
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the CTBT context
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current and future
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effectively
traceand
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NDC and
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CTBT
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verification
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Nevertheless,
thismeasurements.
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to study
and speed
of atmospheric
showasthatwell
the cells
are decelerating
on those
aspects
of progression
the verification
regime
where BGRcells.
has Data
expertise
as BGR’s
activities during
and the
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is NDC
extending
in IMS
time.station
This isoperator
caused by
warming
of twenty
the whole
troposphere
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as the which
German
and an
during
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After the general
tropopause
to rising
CO2 concentrations.
Aestival
of persistent
high-pressure
systems over
introduction
the height
DPRK due
events
including
2016 are analysed,
andepisodes
the National
Data Centre
Preparedness
Europe
loware
pressure
gradients
led to on
almost
thunderstorms
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the the
observed
exercises
untilwith
2015
described.
The that
chapters
the stationary
global test-cases
of Tohoku-Fukushima,
deceleration
of are
atmospheric
movement.
This control,
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that
7Be and 22Na
can abefocus
used on
as seismic
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OSI, with
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In this study
we ofexamined
344 Building
bolides and
(airbursts)
on the is
JPLto support
CNEOS thewebsite
The overarching
objective
the Capacity
Training reported
(CBT) programme
(https://cneos.jpl.nasa.gov/fireballs/)
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2007-2018
and byattempt
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correlate
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with
infrasound
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of the States Parties in the CTBTO
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necessary
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Wethe
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and equipment
NDCs.
is envisaged
by, detectable
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as partprocessing
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detection
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Data
Centres,
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the
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in The International
Data of
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has are
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Allefficiently
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a >2
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infrasonically.
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the
REB
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withIDC
theproducts,
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fourdifferent
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using complete
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anddetection
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NDCs.
The focus
of the
TCAand
is onthe
improving
T5.1-O3
North
Korea
CTBT the NDC staff analytical skills by providing them with the
different tools prepared by the IDC.
E.M. Ifft
Stanford University, CA, USA
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wisdom
has long held that North Korea would quite likely be the most difficult case among the
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for it to Jordan
enter into force. The recent personal involvement of
the PresidentsContact:
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and
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previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
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anleast
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of
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Functions
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NDC,and
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Data
Access
– Secure
Account
and to
CTBT
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effective
early
step for and
North
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in what
looksSignatory
to be a long
and difficult
answering
Frequently
Asked
Questions.This
NDCcould
is an be
organization
with by
technical
the monitoring
process toNDC
a broader
political
settlement.
accompanied
North expertise
Korea’s in
support
for, and
and
verification
technologies
the CTBTO,
CTBT, working
under
the guidance
of, from
or as the
an negotiation
integral partofofearlier
a national
participation
in, the
activities of the
including
verification.
Lessons
arms
authority,
a data center
operated
andthe
maintained
State
PartySoviet
whoseUnion’s
functions
may receive
data and products
control agreements,
as well
as from
cessationby
ofathe
former
nuclear
testing program,
can help
from
A State
Party’s NDC
should
Provide
advice
and support
to the
guide the
the IDC.
orderly
and verifiable
transition
of inter
Northalia:
Korea
to a technical
Non-Nuclear
Weapon
State and
partynational
to the
authorities,
Receive and use IMS data and IDC products: For Treaty verification and compliance and for
CTBT.
country’s benefit in its natural disaster management and other civil and scientific applications. The Functions of
an NDC will be defined by the national authorities is: - Advice the National Authority by : Providing technical
Poster
advice
andPresentations
support on all matters pertaining to the verification of the Treaty , Verifying the nature of the events
and their (non) compliance with the Treaty. - Use IMS data and IDC products as needed according to National
needs
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CTBT Entry into Force: Breaking the Stalemate

S. Ullah Information Dissemination Strategies
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Center for International Strategic Studies, Islamabad, Pakistan
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Orji sufianullah@gmail.com
Contact:
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Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
Contact: francez.orji@nnra.gov.ng
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
one of
the oldest
yet hardest
fought
items on
disarmament
their
security interests
The
nuclear
industry
is a global
enterprise
that
grows and agenda.
achievesGiven
quality
in aperceived
global environment.
Thereand
is
diverging
ambitions,
the abstaining
states continue
point fingers
at each
other for
being that
politically
need
to benuclear
effective
and efficient
in their operational
andtostrategic
process.
Findings
havenotshown
many
sincere towardswill
Treaty’s
entry
intopurpose
force. This
stalemate
hasshare
not only
halted any
progress
on the Treaty
but also
organizations
achieve
great
when
they can
knowledge
through
education,
training
and
undermines
the prospects
of global
areNigerian
already Nuclear
marred by
differences
on mutually
agreeable
creating
awareness
activities.
One ofdisarmament
the visions that
of the
Regulatory
Authority
(NNRA)
is to
mechanism
to pursue
it. This scenario
callsthe
for organization
exploring innovative
on howpublic.
to convince
abstaining
states
achieve
effective
communication
within
and to ideas
the general
NNRA
demonstrates
to get into
legally-binding
mechanism.
Drawing
frominternational
the idea of Nuclear
Weapons
Zones,
existing
strategies
that enable
them interact
withinference
appropriate
organizations
for Free
effective
anda
region oriented
approach
prove useful
in will
finding
solution tointhe
global
problem.
Through
verifiable
legally
efficient
dissemination
ofmay
information
which
be discussed
this
paper.
However,
this work
will include
binding
or even
multilateral,
agreements
non-testing
of nuclear
weapons,
the goal
of CTBTfor
may
be
key
ideasbilateral,
which the
NNRA
is ensuring
effective on
capacity
building,
education
and public
awareness
both
pursued
gradually.
Given
that
some
states,
like
Pakistan,
have
expressed
willingness
to
enter
into
legally
binding
decision makers and the general public using science policy. Fortunately, this created ideas can be possible
bilateral agreement
with India, the
prospects
of this graduated
regionaland
approach
appear
bright.
solutions
for the improvement
of nuclear
activities,
achieve internal
external
performances,
with reduced
limitations. There are practical examples set up that can support CTBT and nuclear international bodies in
achieving reliability and conformance practice for framing policy objectives on the environment, health and
safety
standards
of scientific communities.
T5.1-P4
Leveraging
the CTBT's Verification Provisions for Promoting Entry-Into-

Force

1

2

M. Hoell , Y. Woo
T5.3-P47 Non-Proliferation
Culture as a Subject for Master Degree Curriculum in
1
European Leadership
Network,
London, UK
Technical
University
of Moldova
2

Hudson Institute, Washington, DC, USA
1
Ar.
Buzdugan
, Au. Buzdugan2
Contact:
mhoell@outlook.com
1
Technical University of Moldova, Chisenau, Republic of Moldova
2
The CTBT's verification
provisionsespecially
IMS Chisenau,
-are unparalleled
control agreements. Yet,
National Nuclear
Security
Supportthe
Center,
Republicinofarms
Moldova
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
Contact: artur_buzdugan@yahoo.com
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear
Weapons,
for example,
reduces
verification
to lack
Comprehensive
takingofa
The
political
instability
in the Black
Sea
region, the
of territory Safeguards
control andAgreements,
the serious thus
violation
step
back
from
the
more
rigorous
Additional
Protocol.
Similarly,
the
demise
of
the
Intermediate-Range
Nuclear
international treaties and agreements, underline the need for active participation of all international actors
in the
Forces
Treaty
underlines
the
importance
of
verification
of
treaties,
with
'disarmament
verification'
non-proliferation of AMD. An invaluable role is the continuous education with the objective to makehaving
nonbecome a buzzword
the framework
of the Treaty
on Nuclear
the Non-Proliferation
of Nuclear
Weapons
(NPT).
We
proliferation
treaties inuniversal.
A curriculum
for the
Safety and Security
subject
(ECTS
4) was
argue that at
thethe
CTBT's
contribution
to armsSupport
control Center
verification
should
be curriculum
leveraged not
for strengthening
developed
National
Nuclear Security
(NNSSC).
The
wasonly
designed
for Master's
the NPT and
in trying
to work
out what
verification
lookoflike
in a nuclear
disarmament
context,emphasis
but also for
students
includes
lectures,
seminars
and thewould
writing
a paper.
The NNSSC
puts special
on
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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T1.1-O3
Atmospheric
as asafety,
Laboratory
for Modeling
developing
the teaching
staff throughBoundary
the synergyLayer
of nuclear
non-proliferation
and cyberInfrasound
security. As
CTBT and NPT are
inextricably linked,
the curriculum
hasAtmosphere
been updated recently with topics on nonPropagation
and Scattering
in the
proliferation, and the role and importance
of these international
treaties.
The cyber-security
as a pillar
of nuclear 2
1
1
1
2
, S. Kulichkovwas
, V. included
Perepelkin
, O. optional
Popov1, A.
Vardanyan
Ayvazyan
safety and security, I.
asChunchuzov
well as non-proliferation,
in this
curriculum.
The, G.
results
have
1
A.M. Obukhov
of degree
Atmospheric
Physics,ofRussian
of non-proliferation
Science, Moscow,than
Russian
shown that master students
possessedInstitute
a greater
of awareness
nuclearAcademy
safety and
Federation
Bachelor graduates did.
An
important
fact
to
mention
is
that
the
optional
discipline
was
requested
by
more
than
2
Barva Innovation Center, Talin, Armenia
25 graduates of other Universities.
Contact: igor.chunchuzov@gmail.com
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
T5.3-P48
Plan to Develop CTBTO Network in Vietnam
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1

min) by H.Q.
an artificial
Nguyendetonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers
of theAgency
ABL have
been retrieved
using the
wave
forms and
travel timesHa
of Noi,
the recorded
Vietnam
for Radiation
and Nuclear
Safety
& Control
(VARANSAC),
Vietnam arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
Contact:
haoquang.most@gmail.com;haoquang@most.gov.vn
similar to
the mechanism
of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind
velocity
temperature
in the
and lower
thermosphere.
roletechniques
of similarity
The plan
to develop
theand
CTBTO
knowledge
in stratosphere
Vietnam includes
the following:
- learnThe
about
usedparameter
in
here placeregime
the dimensionless
thickness
the for
reflecting
nonhomogeneous
layers,
whichresearch
is the vertical
scale of
the verification
of CTBT – exploit
IDCofdata
verification
purpose and for
scientific
and civil
the
layer
multiplied
by
the
relative
difference
in
effective
sound
velocity
and
normalized
by
the
application – improve the knowledge and experience on the techniques so that can give the government thevertical
The effect
of when
such inhomogeneities
on thethe
temporal
fluctuations
of the
and issues
arrivalby
times of
advicewavelength.
on the technical
issues
necessary - enhance
knowledge
on CTBT
andazimuth
technical
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
exploiting E-learning, CTBTO forum on internet. - participate in the exercises held by PTS or state parties such
This
work was
supported
by RFBR
N 18-55-05002
as NPE
exercise,
common
exercise
as doing
in this such as NPE exercise, common exercise … - strengthen the

knowledge technical skill of NDC staffs through technical training course, workshop, either domestic or abroad,
hold by CTBTO, IAEA… - exploit software of NDC-in-a Box provided by CTBTO to analyze IMS data for
improving
NDC analysis
skills Change
of NDC staffs,
including:
carrying
the analysis of spectra of RN stations of
T1.1-O4
Climate
Through
the -Eyes
of out
Radioisotopes
IMS by using Openspectra for
particulate
radionuclide
and
Norfy
for
radioxenon
- practicing
the Atmosphere
1
2
3
4
5
6
L. Terzi
, M.
Kalinowski
, G. Wotawa
, P. Saey
, M. Schoeppner
, I. T.toHoffman
Transportation Modeling
ATM
software
(webgrape)
and
Geotool
(for
analysing
seismic
data)
gain experience
1
Belgian
Nuclear
Research
Center (SCK•CEN), Mol, Belgium
and skill in operating2 them
to build
technical
ability.
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
T5.3-P50 Promoting
Civil
and Scientific
International
Monitoring
5
University
of Natural
ResourcesApplications
and Applied Lifeof
Sciences
(BOKU), Vienna,
Austria
6
System
(IMS)
Data
and
Spin-Offs
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada

Contact:
H.R.M.
Muturilucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
National Council for Science & Technology, Nairobi, Kenya
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
Contact:
harun.muturi@yahoo.com
in a lock-in
technique
to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
During the process of tracking the globe for signs of nuclear explosions, the monitoring network of the CTBTO
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
generates huge amounts of data that assist scientists to understand our Earth in a better way. IMS data and spintropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
offs can be applied by scientists and other interested parties in diverse fields, ranging from atmospheric studies
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
to recording of earthquakes, warning of impending tsunamis and storms and tracking movements of marine
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
mammals among others. With support from scientists, policy makers can use the data to warn people of
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
impending disasters and therefore save lives. These efforts can contribute significantly towards expansion of
forecast.
human knowledge and development. A broad range of outreach initiatives and science communication including
public lectures, print and electronic media, social media, training courses and conferences can be used to
promote civil and scientific applications of IMS data and techniques used for nuclear test ban verification. The
T1.1-O5
Detection Efficiency
the IMS organisations,
for Bolides academic institutions, among others
CTBTO,
national governments,
national and of
international
can play an important part in the promotion process. Measures aimed at promoting wide civil and scientific
Brown, N. Gi
applications of IMS P.
data
and spin-offs by relevant stakeholders are being recommended.
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

T5.3-P52
for examined
a Clean and
Energy reported
Policy inonBolivia
In this Proposal
study we
344 Sustainable
bolides (airbursts)
the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
W. Cano
detections.
We
found
206
of
these
bolides
wereBolivia
detectable by at least one infrasound station while only 42 were
Servicio Geologico de Bolivia, La Paz,
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Contact:
wcanofis@hotmail.com
global REB
detection
rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
Bolivia is a country that is recently venturing into nuclear issues such as: • Nuclear Research Reactor • Food
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
irradiator • Cyclotron and pharmacy radio Through the creation of the ABEN Bolivian Nuclear Energy Agency
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
in 2016, which is promoting the three points mentioned above in a single complex in an urban area of the city of
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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El
Alto in District
8 in
an area
of the
100 CTBT
hectares. In this way participation with stations of the CTBTO of
T5.1-O3
North
Korea
and
radionuclides in national territory is required, through the agreements signed by Bolivia in the United Nations
and being partE.M.
of the
IfftCTBTO it is necessary to implement and enforce the policies in this regard through a
structured planStanford
and fromUniversity,
within theCA,
country.
USA , that is, proposed through a bill issued by the Bolivian authorities
themselves. This initiative will be possible through the technical and scientific cooperation that the CTBTO can
Contact: emifft@yahoo.com
provide to the country.
Conventional wisdom has long held that North Korea would quite likely be the most difficult case among the
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
the PresidentsPublic
of the Awareness
U.S., South Korea
and North Korea may make this achievement less distant than
T5.3-P53
and Safety
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
Gomes
logical for it toM.
refuse
to join the CTBT and insist on preserving a right to test such weapons. At least signing the
Ministry
of Foreing
Affairs, early
Bissau,
Guinea-Bissau
CTBT would be a logical
and effective
step
for North Korea, in what looks to be a long and difficult
process to a Contact:
broader political
settlement. This could be accompanied by North Korea’s support for, and
marcelinogomes10@hotmail.com
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
Capacity
building, education
and public
awareness
sorelySoviet
needed
for understanding
mitigating
the
control agreements,
as well as from
the cessation
of theareformer
Union’s
nuclear testingand
program,
can help
effects
of global
and nuclear
explosion.
Likewise,
fortothea compliance
the CTBT
guide the
orderlychange
and verifiable
transition
of North
Korea
Non-Nuclearwith
Weapon
Stateand
andcontribute
party to for
the
Global
CTBT. Peace and Security in the all regions. To heighten public awareness campaign on nuclear explosion
matters, long-term and locally-based training and awareness are relevant to students, villagers, decision-makers,
journalists, and other local people to better be able to deal with the nuclear explosion challenges. My research
Posterindicate
Presentations
findings
that the capacity building, education and public awareness are powerful new approach to the
design, implementation, monitoring, management, and evaluation of development technical challenges of the
CTBT in the context of nuclear arms control treaties. As noted, lack of capacity building, education and public
awareness
several
of capacity
development
work, including the lack of a coherent
T5.1-P3 address
CTBT
Entrycriticisms
into Force:
Breaking
the Stalemate
partnerships and an effective monitoring of results. By researching the impact of a nuclear explosion, it was
S. Ullah
found out factor,
like Wind, that can affect the successful detection of atmospheric radionuclide emissions from
CenterThese
for International
Strategic
Studies,
Islamabad,
Pakistan
a nuclear explosion.
issues, including
detection
and
identification
Seismic sensitivities and radionuclides
from nuclear power
are
very
important
in
the
process
of
technical
capabilities,
education and public awareness.
Contact: sufianullah@gmail.com
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
there has beenRaising
general consensus
on the
for nuclear
disarmament. Putting
a ban the
on nuclear
tests remains
T5.3-P55
Awareness
of need
Nuclear
Nonproliferation
Through
Capacity
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
Building System (CBS) in Iraq NDC
diverging nuclear ambitions, the abstaining states continue to point fingers at each other for not being politically
sincere towards
Treaty’s
entry into force. This stalemate has not only halted any progress on the Treaty but also
R.H.M.
Al-Abboodi
undermines the
prospects
of Monitoring
global disarmament
are already
Iraqi
National
Authority,that
Baghdad,
Iraq marred by differences on mutually agreeable
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
Contact: r_nona_84@yahoo.com
to get into legally-binding
mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
region
oriented
approach
maystaff
prove
useful
in finding
to the
problem.
Through
legally
In November 2018,
CTBTO
came
to Iraq
to set upsolution
and install
theglobal
capacity
building
systemverifiable
for our national
binding
bilateral,
or
even
multilateral,
agreements
on
non-testing
of
nuclear
weapons,
the
goal
of
CTBT
may
be
data center. It includes analysis programs that have improved our analysis and allowed us to pinpoint the
pursued
gradually.
Given
that
some
states,
like
Pakistan,
have
expressed
willingness
to
enter
into
legally
binding
earthquakes that occurred in Iraq on the 25 November 2018. We, therefore, need to differentiate between
bilateral agreement
withofIndia,
the origin.
prospects
this graduated
regional approach
bright.us to continuously
earthquakes
and events
human
Theofimportance
of implementing
CBS appear
is to enable

monitor and coordinate seismic activities in our region, receiving data using the International Monitoring
System (IMS) data and IDC products for the region. verification of the treaty. By accessing and analyzing the
seismic
waveform
we can educate
the public about
the CTBTProvisions
and its verification
regime by involving
university
T5.1-P4
Leveraging
the CTBT's
Verification
for Promoting
Entry-Intostudents and youth
interested in nuclear non-proliferation research by providing them with knowledge about
Force
CTBTO and data. We share our experiences with the Organization to promote non-proliferation goals and
1
M. HoellOur
, Y.earthquake
Woo2
scientific applications.
detection in Iraq is an example of scientific applications related to non1
European
UK comparison between the earthquake in Iraq in 2017
proliferation. The
proposedLeadership
paper willNetwork,
focus on London,
the role and
2
Hudson
Institute, Washington,
DC, USA
and 2018 and how
CBS enhances
IHS data processing
capabilities.
Contact: mhoell@outlook.com

The CTBT's verification
provisionsespeciallyofthe
-are unparalleled
in Success,
arms control
agreements. Yet,
T5.3-P56
Raising Public
Awareness
theIMS
CTBT:
Measuring
Addressing
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
Challenges
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of

Nuclear Weapons,
for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
D. Aben
step back fromEurasian
the moreResearch
rigorous Institute,
Additional
Protocol.
Similarly, the demise of the Intermediate-Range Nuclear
Almaty,
Kazakhstan
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
Contact:
dauraben@gmail.com
become a buzzword
in the
framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue
that
the
CTBT's
contribution
to arms
control verification
be leveraged
only public
for strengthening
In recent years, the CTBTO Preparatory
Commission
has been should
very active
in raisingnot
global
awareness
the
NPT
in
trying
to
work
out
what
verification
would
look
like
in
a
nuclear
disarmament
context,
for
about the dangers associated with nuclear testing and the need for the CTBT ratification, as well as but
the also
treaty’s
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic

262
221

Theme 5: CTBT in a Global Context

CTBT: Science and Technology 2019

technical aspects. Recognizing the importance of these activities, the study evaluates, through a systematic and
T1.1-O3
Atmospheric
Layer
a Laboratory
for Modeling
Infrasound
comparative
analysis,
as well as anBoundary
expert survey,
howas
successful
the campaign
is in communicating
its
message, generatingPropagation
positive interest,
developing
public
support
and producing behavior change among its
and
Scattering
in the
Atmosphere
target audiences. The study also looks
at why the1 CTBT promoting
activities
are more successful
in some 2
1
1
2
I. Chunchuzov
, S.tailored
Kulichkov
, V.context,
Perepelkin
, O.capacities
Popov1, A.
Vardanyan
, G. Ayvazyan
countries than others
and if they are
to the
values,
and
other attributes
of local
1
A.M. Obukhov
of explore
Atmospheric
Russian Academy
Science,
Moscow,
Russian
audiences, including youth.
It is alsoInstitute
useful to
whichPhysics,
communication
tools andofmedia
provide
creative
Federation
and innovative ways2 of
increasing the success of the awareness raising efforts. Based on the lessons learned, the
Barva Innovation
Talin,toArmenia
study provides recommendations
on Center,
approaches
maximize the effectiveness of the CTBTO outreach
initiatives and to engage
relevant
national and international stakeholders with the aim to create a global culture
Contact:
igor.chunchuzov@gmail.com
against nuclear testing and to facilitate the treaty’s entry into force.
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
T5.3-P57
Regional Training Centre- South African Perspective
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from
the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
M. Mookodi
similar to
the mechanism
of scattering
of signals
from
ground
surface explosions by layered nonhomogeneities
Department
of Trade
and Industry,
Pretoria,
South
Africa
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
Contact:
mmookodi@thedti.gov.za;Matomema80@gmail.com
here place
the dimensionless
thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the
layer
multiplied
by
the
relativecentre
difference
effective sound
and ofnormalized
by the vertical
South Africa has been a regional training
for the in
Organisation
for thevelocity
Prohibition
Chemical Weapons
wavelength.
The
effect
of
such
inhomogeneities
on
the
temporal
fluctuations
of
the
azimuth
and
arrivaland
times of
(OPCW) Assistance and Protection Course and Analytical Chemistry Course since 2005. In the Assistance
the
signals
is
studied.
The
estimation
of
the
error
in
localization
of
pulsed
sources
is
given.
Acknowledgement:
Protection Course, participants dealing with the emergency response and protection against chemical weapons
Thisindustrial
work waschemicals
supported are
by RFBR
18-55-05002
and toxic
invited.NThe
course covers theoretical and practical training on the usage of

individual and collective protective clothing, monitoring, detection and decontamination techniques, as well as
the handling of casualties after a chemical incident. In the Analytical Chemistry Course, participants are trained
in sample
preparation,
basic analytical
andthe
theEyes
use ofofcertain
laboratory equipment required for the
T1.1-O4
Climate
Changetechniques
Through
Radioisotopes
analysis of toxic chemicals. South
Africa
posses
skill
in
organising,
hosting
and in case of
the above-mentioned
2
5
6
L. Terzi1, M.
Kalinowski
, G.
Wotawa3, P.
Saey4minimal
, M. Schoeppner
, I.and
T. Hoffman
conducting non-proliferation
related
training
interventions
using
resources
equipment that
1
Nuclear
Research
Mol, Belgium
developing countries2 Belgian
do possess.
South
Africa Center
hosted (SCK•CEN),
the first Introductory
Training Programme for African
CTBTO
Preparatory
Commission,
Vienna,
Austria
States of the CTBTO
IMS
in
December
1995,
and
has
been
sporadically
hosting CTBT training courses
3
Central Institution
Meteorology
and Geodynamics
(ZAMG),Cycle
Vienna,
culminating in the 4Advanced
Course offorthe
On Site Inspection
Third Training
andAustria
the Ground and
TU
Wien
Atominstitut,
Vienna,
Austria
Airborne Visual Observation
Course
in
October
2018.
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
T5.3-P58 Role Contact:
of CTBT
in Order to Achieve SDG

Cosmogenic
beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
D.D.radionuclides
Mulmi
in a lock-in
technique
to effectively
trace vertical
air and
masses
based onLalitpur,
surface Nepal
measurements. This technique
Faculty
of Science,
Nepal Academy
of Science
Technology,
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
dmulmi@gmail.com;deependra.mulmi@nast.gov.np
summer Contact:
period which
is extending in time. This is caused by warming of the whole troposphere and increased
tropopause
height
due
to rising CO2
concentrations.
Aestival
episodes
high-pressure
systems
It is impossible to achieve sustainable
development
in absence
of peace.
Nepalofis persistent
a peace loving
country and
has over
Europe
with
low
pressure
gradients
that
led
to
almost
stationary
thunderstorms
are
correlated
with
the
observed
already signed the CTBT. It always advocates nuclear technology for peaceful purposes and has supported the
deceleration
of
atmospheric
cell
movement.
This
demonstrates
that
7Be
and
22Na
can
be
used
as
indicators
nuclear disarmament and non-proliferation. It is a landlocked country between two nuclear giants; China and for
several
effects of
climate
change
providing
a newit modelling
in seasonal
weather
India. confirming
Though Nepal
has side
no nuclear
plant
and any
sort while
of nuclear
weapons,
cannot be tool
isolated
from any
forecast.
nuclear disaster that may happen in the neighboring countries. Thus it is a high time to establish monitoring

system of background radiation level in order to assure safety to the countrymen. Up to now, there is no CTBT
related activities in Nepal and many Nepalese are unaware about this treaty. It needs more popularization
program
to make itDetection
universal. In
this context,
CTBTO
T1.1-O5
Efficiency
of the
IMScan
forpenetrate
Bolidesin Science and Technology lagging
countries like Nepal by offering some technical assistance.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

Contact:
T5.3-P59 Saving
Livespbrown@uwo.ca
through Third Stream Activities and Fulfilling CTBT
Objectives
In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
R. Betancourt Arocha
detections.
We
found
206
of
these
bolides
were detectable
by at least
one infrasound
station
while only 42 were
Fundacion Venezolana de Investigaciones
Sismologicas
(FUNVISIS),
Caracas,
Venezuela
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Contact:
roberto.a.betancourt@gmail.com
global REB
detection
rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
CTBT member countries appointed technical tasks to institutions that already monitor national seismological
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
networks. In some South American states, seismological research organizations also promote the awareness of
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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seismic culture
in their
countries,
threat and vulnerability in delivering sound contents, i.e. best
T5.1-O3
North
Korea
andassociating
the CTBT

practices during earthquakes. Col & Chu established that 92% of earthquakes fatal victims can be reduced
Ifft
thanks to the E.M.
implementation
of tailored-made seismic contents. Research shows the advantages of using
Stanford
University,
CA, USA
analogies of energy
released
of nuclear
explosions as an appropriate mechanism to better understand seismic
events and establishing
an
appropriate
Contact: emifft@yahoo.comeducational correlation. Third stream activities of universities and
research centres have special impact among communities. This research demonstrates through case studies two
folds: (1) howwisdom
local scientific
needs
support
of CTBTcase
objectives
Conventional
has longwork
held and
thatcooperation
North Koreasupport
would national
quite likely
beinthe
most difficult
among and
the
(2) identify
tangible
improving
whilst
increasing
earthquake
thanks of
to
eight
remaining
statessolutions
that must
ratify thenuclear
CTBT test
for itmonitoring
to enter into
force.
The recent
personalculture
involvement
the plethora
of advantages
thatSouth
this investigation
the
Presidents
of the U.S.,
Korea and demonstrates.
North Korea may make this achievement less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
CTBT
would be
a logical and effective
early step for Norms
North Korea,
in what
looksYto be a long and difficult
T5.3-P61
Strengthening
Nonproliferation
in South
Asia
process to a broader political settlement. This could be accompanied by North Korea’s support for, and
participation in,S.the
activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
Noor
STRATPOL
Lahore, Pakistan
control agreements,
as wellConsultancy,
as from the cessation
of the former Soviet Union’s nuclear testing program, can help
guide the orderly
and
verifiable
transition
of
North
Korea to a Non-Nuclear Weapon State and party to the
Contact: sitaranoor@hotmail.com;sitaranoor@gmail.com
CTBT.
The emerging trends in South Asia’s nuclear politics are running contrary to global non-proliferation norms.
The developing trends not only have the tendency to make the nuclear norms more vulnerable, but also
Poster
underminePresentations
the security of the region as a whole. The emerging trends include preferential treatment of India in
civil nuclear agreements and its potential membership in the NSG, growing nuclear material stockpiles and the
consistent opposition of Pakistan and India to a Fissile Material Cut-off Treaty (FMCT) and to the CTBT.
Historically, India
and Entry
Pakistaninto
haveForce:
developed
some confidence
building measures and despite hostilities have
T5.1-P3
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Breaking
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honored those norms. Likewise, India and Pakistan have honored their unilateral moratorium on nuclear testing
S. Ullah
till date, notwithstanding
nuclear developments. While efforts should be made for a formal ratification of the
Center
for International
Strategic
Islamabad,
CTBT by India
and Pakistan,
it is important
to Studies,
strengthen
the normPakistan
by encouraging any step in that direction,
such as a bilateral
test
ban
treaty.
Contact: sufianullah@gmail.com
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
T5.3-P62 Technical Support Provided to States Parties and Its Impact on Process of
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
Promoting
of Treaty
diverging nuclear
ambitions, Ratification
the abstaining states
continue to point fingers at each other for not being politically
sincere towards Treaty’s entry into
force. This2 stalemate has not only halted any progress on the Treaty but also
1
A.H.I. Habiballa , N. Babiker
undermines the1 Sudanese
prospects Nuclear
of global&disarmament
are already
marred
by differences
on mutually
Radiologicalthat
Regulatory
Authority
(SNRRA),
Khartoum,
Sudan agreeable
mechanism to 2pursue
it.
This
scenario
calls
for
exploring
innovative
ideas
on
how
to
convince
Sudan National Data Center, National Center for Research, Khartoum, Sudan abstaining states
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
region orientedContact:
approachawatifhabib@gmail.com;bahiasulimanmosa@gmail.com
may prove useful in finding solution to the global problem. Through verifiable legally
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
Comprehensive Nuclear-Test-Ban Treaty was adopted in 1996. It is one of the fundamental mechanisms in the
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
field of non-proliferation and nuclear disarmament and one of the pillars of global nuclear non-proliferation
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
regime. Accordance Annex II Treaty shall be subject to ratification by 44 States to enter into force. Situation
remains pending of the ratification of eight States (China, Egypt, Iran, Israel, India, Pakistan, North Korea and
United States of America). Sudan ratified Treaty in 2004, after accession to Treaty, had many opportunities to
T5.1-P4
Leveraging
the
CTBT's
for Promoting
Entry-Intoparticipate in various
activities
organized
by Verification
the Preparatory Provisions
Commission (PC),
training and qualification
of the
Force In 2013 National Data Center was established, under Seismological Research Institute,
researchers, lawyers.
National Research Center
and 2was designated as a national authority. National Nuclear & Radiological
1
Hoell
, Y.inWoo
Regulatory ActM.
was
issued
2017. Technical support plays an important role by implemented various activities
1
European
Leadership
Network,
through international
monitoring
system
and toLondon,
monitorUK
data which provides for purposes of scientific research
2
Hudson
Institute,
Washington,
DC,
USA
and disaster prediction to work towards their mitigation.
State Parties can enhance this role by organizing
seminars; workshops
raise
awareness of benefits of Treaty, also to influence international community to support
Contact:
mhoell@outlook.com
requirements for ratification.
The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic

264
221

CTBT: Science and Technology 2019

Theme 5: CTBT in a Global Context

T1.1-O3
AtmosphericofBoundary
Layer
as a Laboratory
Modeling
Infrasound
T5.3-P63
The Application
International
Monitoring
Systemfor
Data
(IMS) and
Propagation
Scattering
the Atmosphere
International
Dataand
Centre
(IDC) in
Products
at the Jordanian National Data
1
1
1
Centre
I. Chunchuzov , S. Kulichkov , V. Perepelkin , O. Popov1, A. Vardanyan2, G. Ayvazyan2

1
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
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Jordan has established the (NDC-JO) within Jordan Seismological Observatory (JSO) under the umbrella of
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
Ministry of Energy and Mineral Resources; this poster aims to present the application of (IMS) data and (IDC)
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
products at (NDC-JO) and (JSO). Since its establishment, JO-NDC received data from a few IMS seismic
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
stations, JO-NDC also utilizes the IDC Secured Website to retrieve the IDC products from time to time. For
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
analysis activity, JO-NDC used a software package provided by CTBTO (NDC in Box). JO-NDC uses the IMS
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
data and IDC products for various purposes such as relocate the regional seismic events by requesting waveform
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
data from IDC product (REB and SSEB) and use it to relocate the events by using different software’s. As a
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
result from the application of IMS data and IDC products, JO-NDC is able to strengthen its in-house capability
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
particularly in data analysis as well as participate in any NDC related exercises organized by the CTBTO. The
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
IDC products have enable JO-NDC to compare the accuracy of its analysis findings. JO-NDC has greatly
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
benefitted by the application of IMS data and IDC products in the aspect of building up its capability as well as
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
enabling its participation at the international level.
This work was supported by RFBR N 18-55-05002
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T1.1-O5 Detection Efficiency of the IMS for Bolides
T5.3-P65 The Education and Public Awareness of the CTBT Through Web
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we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
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E.M.YouTube,
Ifft
social media like
Facebook or Instagram. This application aims to be first implemented in Mexico,
University,
CA, USA
but in a futureStanford
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The Effect
of Art
Students’
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on Their
eight remaining states that must ratify the CTBT for it to enter into force. The recent personal involvement of
Artistry
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
previously believed.
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Şemin,
S. Karaseyfioğlu
logical for it to Cumhuriyet
refuse to join
the CTBTTurkey
and insist on preserving a right to test such weapons. At least signing the
University,
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experimental method. Data were collected by nuclear power plants scale which developed by Gül, Demir and

Yeşilyurt (2016) and by the paintings of the students about the topic. In the first week of the process of the
experimental
study, the students were asked to paint the feelings they awakened about nuclear weapons. After
Poster
Presentations
that, students were provided with the seminars of experts in the field of nuclear weapons for three weeks. In the
fourth week, students were asked whether they wanted to change the paintings they made about nuclear
weapons, or whether they wanted to make a different painting again. Those who want to review their paintings
T5.1-P3
CTBT
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Force:
Breaking
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or the points they
wantEntry
to correct
in the
paintings
are analyzed.
How increasing student awareness about nuclear
weapons affects their artistic products.
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Center for International Strategic Studies, Islamabad, Pakistan
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Despite differences
on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
R. Asune
there has been Ghana
generalAtomic
consensus
on the
need for nuclear
disarmament. Putting a ban on nuclear tests remains
Energy
Commission,
Accra, Ghana
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
Contact:
asune.rosemary@yahoo.com
diverging nuclear
ambitions,
the abstaining states continue to point fingers at each other for not being politically
sincere towards Treaty’s entry into force. This stalemate has not only halted any progress on the Treaty but also
The National Data Center (NDC) of the Comprehensive Nuclear-Test-Ban Treaty was commissioned in Ghana
undermines the prospects of global disarmament that are already marred by differences on mutually agreeable
in February 2010 basically to enhance and support international efforts to monitor nuclear weapons testing
mechanism to pursue it. This scenario calls for exploring innovative ideas on how to convince abstaining states
efficiently. The CTBTO Preparatory Commission’s education and activities aim at providing knowledge and
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
training to experts on the treaty that bans all nuclear explosions. The CTBTO relies on innovations to strengthen
region oriented approach may prove useful in finding solution to the global problem. Through verifiable legally
the capabilities of the treaty's verification regime. The NDC assesses areas in Ghana that are hazardous to
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
earthquake by receiving seismic data from the International Data Center. This assists the experts at the NDC to
pursued gradually. Given that some states, like Pakistan, have expressed willingness to enter into legally binding
continually update and help frame policy objectives on land and building on seismically prone regions and areas
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
in Ghana through recommendations made to the government. CTBT discussions revitalized among policy
makers, scholars, experts, students and media will create more awareness about the nuclear test ban; transferring
knowledge among younger generation and integrating new technologies in CTBT promotion. The center in
T5.1-P4
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organizations
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seminars andfor
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T5.3-P68 The Importance of Promoting the CTBT Locally and the Benefits of Doing
Contact:
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The CTBT's verification 1provisions- especially
the IMS
unparalleled
in arms control agreements. Yet,
1
2
N.P. Titus , E. Shiweda1, F. Diergaardt
, J.-are
Nambili
verification concerns
were
key
in
the
1999
US
Senate
rejection
of
the
CTBT.
More generally, the role of
1
Geological Survey of Namibia, Namibia
effective verification
has
not
been
not
been
sufficiently
acknowledged
recently.
The
Treaty on the Prohibition of
2
Young Professionals Network
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back fromContact:
the more titus.nortin@gmail.com;nortin.titus@mme.gov.na;nortin@icloud.com
rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
Widespread awareness and understanding of the Comprehensive Nuclear-Test-Ban Treaty still remain a
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
challenge. Namibia, a country of only 2.5 million people and fifth largest exporter of nuclear source material,
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the promotion and widespread understanding of the CTBT is continuously given attention. In a long-term effort
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
to gain public awareness of the CTBT, the Namibia National Data Centre together with the IMS Infrasound
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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IMS and potential services and relevance of the Namibia NDC in everyday life
of Namibian citizens and institutions.
The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
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technological tools with a dual-use component, using this concept. For instance, the CTBT verification systems
also contributes to environmental threat preventions. This talk will seek to first give an overview of current
dual-use activities and assess their success in raising awareness. We will then explore possible case studies of
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three sectors
and expected
positive
on the CTBT and the economy. Thus, the
T1.1-O5
Detection
Efficiency
of the
IMSoutcomes
for Bolides
case studies will include a political and engineering component to encompass the whole subject matter. We will
P. Brown, N.and
Gichallenges to overcome.
conclude with recommendations
University of Western Ontario, London, ON, Canada
Contact: pbrown@uwo.ca

T5.3-P71 The Role Media Can Play in Raising Awareness of the CTBTO Goals Y

In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/)
between 2007-2018 and attempt to correlate these with infrasound
S. Nanish
detections.
We found 206
of these
bolides were detectable by at least one infrasound station while only 42 were
Multi\Careem,
Amman,
Jordan
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
Contact:
shereennanish@gmail.com;shereennanish@gmail.com
global REB
detection
rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
approaches
CTBTOof
design
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findtothat
40% of airbursts
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and20%.
we Above
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its worldwide
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communicate
the scientific
the REB,
while
more than
90%and
are the
detectable
onewill
or more
All airbursts
with
knowledge
to both
decision
makers
public. atThis
help infrasound
the CTBTOstations.
in achieving
its goals
andenergy
its > 2
kT
reported
on
the
JPL
fireball
site
since
2007
have
been
detected
infrasonically.
However,
the
REB
accomplishing essential mission; that's to make The Comprehensive Nuclear-Test-Ban Treaty enter into force.is only
above can
15 kT
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detection
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at least
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Mediacomplete
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the automated
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linkagessystem
science,nottechnology
and society
havefour
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North Korea and the CTBT

general public, by creating a compelling form of stories. Hence, engaging more young sci-journalists will attract
people's attention
the benefits and importance of having the CTBTO. For instance, the IMS data and IDC
E.M.toIfft
products can be
utilizedUniversity,
for civil purposes
(apart from their main purposes). Moreover, digital media can act as a
Stanford
CA, USA
facilitating bridge between people and nuclear science, the thing that can contribute to making the complex
Contact: emifft@yahoo.com
concepts more comprehensible to people. This needs well-trained journalists that believe in the CTBTO values
and have the ability
to has
analyze
data
and present
an interesting,
direct
and professional
Conventional
wisdom
longthe
held
thatcarefully
North Korea
wouldthem
quiteinlikely
be the most
difficult
case amongway
the
to theremaining
audience.states
Whilethat
ourmust
audience
be policy,
decision-makers
or The
the recent
generalpersonal
public. involvement
Like any other
eight
ratify could
the CTBT
for it to
enter into force.
of
organization,
can South
supportKorea
this form
journalism
ordermake
to achieve
its collective goals.
the
PresidentstheofCTBTO
the U.S.,
and ofNorth
Koreainmay
this achievement
less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical for it to refuse to join the CTBT and insist on preserving a right to test such weapons. At least signing the
CTBT
would be
a logical
andMember
effective States
early step
North Korea,
in what
looks
be a long and
difficult
T5.3-P72
The
Role of
infor
Providing
Insight
into
thetoSubstance
of the
process to a broader
settlement.
This could
be and
accompanied
by Community
North Korea’s support
for,
and
CTBT:political
The Linkage
Between
ARN
the Local
Y
participation in, the activities of the CTBTO, including verification. Lessons from the negotiation of earlier arms
control agreements,
as well as from the cessation of the former Soviet Union’s nuclear testing program, can help
N. Ferro
guide the orderly
and verifiable
transition
of (ARN),
North Buenos
Korea toAires,
a Non-Nuclear
Autoridad
Regulatoria
Nuclear
Argentina Weapon State and party to the
CTBT.
Contact: nferro@arn.gob.ar;nataliapferro@gmail.com
Argentina is bound by the Treaty to host eight monitoring stations and one radionuclide laboratory. The Nuclear
Poster
Presentations
Regulatory Authority (ARN) is responsible of the radionuclide and infrasound stations, and the laboratory. At

present, ARN is working on the installation of two remaining stations, and foresees to make them fully
operational soon. Outreach activities are conducted in parallel with technical activities, aimed at gaining the
T5.1-P3
CTBT
Entry
into Force:
Breaking
theawareness
Stalemate
acceptance from
the local
community
and focusing
on raising
of the obligations of the Treaty, and on
the benefits of the civil and scientific applications of the Treaty. In this endeavor, ARN needs to interact with
S. Ullahin order to obtain the necessary permits for the land use, and also with a wide range of
the local authorities,
Center forlocal
International
Studies,
stakeholders including
supplyingStrategic
companies,
localIslamabad,
residents, Pakistan
NGOs, general public, etc., so to engage
them, as appropriate.
This
presentation
is
intended
to
show
the
liaison
role of ARN between the CTBTO and the
Contact: sufianullah@gmail.com
local community, facilitating mutual understanding and agreement.
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
T5.3-P76 Travelling School Y states continue to point fingers at each other for not being politically
diverging nuclear ambitions, the abstaining
sincere towardsK.Treaty’s
entry 1into
force. This2stalemate has not only halted any progress on the Treaty but also
Pirnavskaia
, E. Afanasyev
undermines the1 National
prospectsResearch
of globalNuclear
disarmament
that are
already
marredRussian
by differences
on mutually agreeable
University
MEPhI,
Moscow,
Federation
mechanism to 2pursue
it. This scenario
for exploring
Saint Petersburg
State calls
University,
Russianinnovative
Federationideas on how to convince abstaining states
to get into legally-binding mechanism. Drawing inference from the idea of Nuclear Weapons Free Zones, a
region orientedContact:
approachpirnavskayakd@gmail.com
may prove useful in finding solution to the global problem. Through verifiable legally
binding
bilateral,
or
even
multilateral,
on non-testing
nuclear weapons,
goal of CTBT
may be
The project is the Travelling
School. agreements
This is an educational
andofinclusive
travellingthe
life-course
for people
of
pursued
gradually.
Given
that
some
states,
like
Pakistan,
have
expressed
willingness
to
enter
into
legally
binding
different age, affiliation and level of education from different countries, primarily for those Annex 2 that haven’t
bilateral
agreement
withThe
India,
the prospects
this graduated
regional
bright.
ratified the
Treaty yet.
concept
of this of
school
is different
to whatapproach
we haveappear
already
been doing due to its
inclusiveness and equality in terms of participants. We need to approach the grassroots giving them an
opportunity to contribute educating them. The education course would include the historical background,
T5.1-P4
Leveraging
the CTBT's
Verification
for Promoting
Entry-Intopossible hazards,
political framework,
region’s
involvement Provisions
and technical side
of the issue. The
focus would be
centered at the
four SDGs: Peace, quality education, gender equality and partnership. The best solution for
Force
project implementation is to involve CYG members as mentors who would travel to countries and hold the
1
2
M. Hoell
, Y. of
Woo
schools for different
groups
population. The expected outcome is raising people awareness and concern about
1
European
London,
UK
the issue, making
them Leadership
understandNetwork,
the whole
groundwork
which would make their approach to their
2
Hudson
Institute, Washington,
DC,them
USA prepared for promoting our general idea by carrying out
government solid
and trustworthy.
We will make
the project work
during mhoell@outlook.com
the school allowing them to propose ideas and concerns on the topic.
Contact:

The CTBT's verification provisions- especially the IMS -are unparalleled in arms control agreements. Yet,
verification concerns were key in the 1999 US Senate rejection of the CTBT. More generally, the role of
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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T1.1-O3 Atmospheric Boundary Layer as a Laboratory for Modeling Infrasound
T5.3-P77 TwoPropagation
Courses on Comprehensive
Nuclear-Test-Ban
and Scattering in
the Atmosphere Treaty: Political, Legal
and Technical Aspects’
and
Intensive
Policy Course on "Comprehensive
I. Chunchuzov1, S. Kulichkov1, V. Perepelkin1, O. Popov1, A. Vardanyan2, G. Ayvazyan2
1
Nuclear-Test-Ban
Treaty:
Political,
Legal
Technical
A.M. Obukhov Institute of Atmospheric Physics,and
Russian
AcademyAspects"
of Science, Moscow, Russian
Federation
A. Hassan
2
Barva
Talin,Pakistan
Armenia
Muslim YouthInnovation
University,Center,
Islamabad,
Contact:
igor.chunchuzov@gmail.com
Contact:
sassi.asra@yahoo.com;asra.hassan@myu.edu.pk
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I attendstructure
at the Preparatory
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the ofcomplex
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nuclear non proliferation and disarmament in general and the politics behind nuclear testing in particular.
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the
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Additionally, Theoretical and practical experience which I gained from field visits, Table-top exercise and
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scattering
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surface
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Executive Council simulations helped me to formulate a course titled: Comprehensive Nuclear-Test-Ban Treaty:
of wind
velocity
and temperature
stratosphere
lower
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role
of similarity
Political,
Legal
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University.and
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Treaty: Political, Legal and Technical Aspects". The central theme behind this endeavor is toAcknowledgement:
increase the
This work
supported
by RFBR N 18-55-05002
awareness
and was
stimulate
understanding
of the Treaty in order to promote its entry into force and
universalization.

T1.1-O4 Climate Change Through the Eyes of Radioisotopes
2
T5.3-P79 Understanding
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Contact:
lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be
Indonesia has consistently
supported
nuclear non-proliferation: Despite this, the Indonesian public still perceives
all 'nuclear issues' in the pejorative, limited sense of 'nuclear weapon issues'. Therefore, it is important that both
Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
stakeholders and practitioners are familiar with the aspects surrounding nuclear weapons, most importantly the
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
treaties which constrain them, in order to answer the most common topics of public inquiry without misleading.
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
Correct information pertaining the issue is important, both to raise public awareness and counter negative
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
perceptions on nuclear issues. This study aims to measure the degree of understanding about nuclear weapons
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
and non-proliferation issues, as held by the stakeholders and practitioners belonging to nuclear-related
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
institutions within Indonesia. The study was conducted using a dichotomous answer questionnaire with
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
True/False answers consisting of 12 questions, split into 4 sections: nuclear weapons testing, the CTBT and
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
Indonesia's role in non-proliferation treaties, detection methods for nuclear tests, and the use of nuclear
forecast.
weapons. The questionnaire was distributed among the personnel of the National Nuclear Energy Agency
(BATAN) and the Nuclear Energy Regulatory Agency (BAPETEN). The results show that cursory
understanding of 'popular' issues among nuclear-related personnel is still lacking, despite said personnel being
T1.1-O5
Detection
Efficiency of the IMS for Bolides
the most
likely targets
of public inquiry.
P. Brown, N. Gi
University of Western Ontario, London, ON, Canada

T5.3-P81 Verification Regime Versus Sustainable Development Goals: How Can
Contact: pbrown@uwo.ca
Ghana Benefit from the Radionuclide Technology in Achieving Sustainable
In this Development
study we examined
344 bolides (airbursts) reported on the JPL CNEOS website
Goals Y

(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
R.We
Osei-Bonsu
detections.
found 206 of these bolides were detectable by at least one infrasound station while only 42 were
School
of Nuclear
of Ghana
(), Accra,
automatically registered
as and
part Allied
of theSciences,
ReviewedUniversity
Event Bulletin
(REB)
issued Ghana
daily by CTBTO. However, this
global REB
detection
rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
Contact:
rheggie.rob@gmail.com;rosei-bonsu002@st.ug.edu.gh;rosei-bonsu002@st.ug.edu.gh
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
The CTBTO
is while
settingmore
up 337
facilities
to detectable
monitor nuclear
in the world.
The technologies
the > 2
the REB,
than
90% are
at oneexplosions
or more infrasound
stations.
All airburstsused
withby
energy
CTBTO
in monitoring
seismic
infrasound
technology,
hydroacoustic
technology
andis only
kT reported
on the include
JPL fireball
site technology,
since 2007 have
been detected
infrasonically.
However,
the REB
radionuclide
technology.
radionuclide
technology
measures
radioactive
particles
and at
noble
is also with
complete
above 15 The
kT with
the automated
detection
system
not having
reported
leastgases.
four Itairbursts
referred to as the 'smoking gun’. It is the confirmatory test for all the waveform technologies. The Sustainable
3
269

Theme 5: CTBT in a Global Context

CTBT: Science and Technology 2019

Development North
Goals (SDGs)
a universal
call to action to end poverty, protect the planet and ensure that all
T5.1-O3
Koreaareand
the CTBT

people enjoy peace and prosperity. This work seeks to identify ways to merge the activities of CTBTO to the
E.M.to
Ifft
SDGs with respect
the radionuclide technology which can further help with national development. How can a
Stanford
University,
USA
country like Ghana
benefit
from theCA,
radionuclide
technology such that at least one SDG is achieved? Monitoring
stations can beContact:
set up inemifft@yahoo.com
the country as this will help the country monitor the radionuclides in the atmosphere.
The awareness of the role of CTBTO in radionuclide monitoring can be created through symposia, fora and
media engagement.
models
be Korea
used towould
assess
the likely
potential
health
radiation.
Conventional
wisdomPredictive
has long held
thatcan
North
quite
be the
mostimpacts
difficultofcase
among Job
the
opportunities
andstates
improvement
the health
sectorfor
may
be enter
expected
eight
remaining
that mustinratify
the CTBT
it to
into upon
force.work
The completion.
recent personal involvement of
the Presidents of the U.S., South Korea and North Korea may make this achievement less distant than
previously believed. In view of North Korea’s stated willingness to give up its nuclear weapons, it would not be
logical
for it toWake
refuse to
joinPakistan!
the CTBT and insist on preserving a right to test such weapons. At least signing the
T5.3-P82
Up
CTBT would be a logical and effective early step for North Korea, in what looks to be a long and difficult
process to a broader
M. Tahirpolitical settlement. This could be accompanied by North Korea’s support for, and
of British
Vancouver,
BC, Canada
participation in,University
the activities
of the Columbia,
CTBTO, including
verification.
Lessons from the negotiation of earlier arms
control agreements,
as
well
as
from
the
cessation
of
the
former
Soviet
Union’s nuclear testing program, can help
Contact: mishal.tahirvaince96@gmail.com
guide the orderly and verifiable transition of North Korea to a Non-Nuclear Weapon State and party to the
CTBT.
Today's youth is going to be the next generation of policy makers, politicians, and bureaucrats and thus in order
to push Pakistan closer to ratifying the CTBT we need to educate its youth. Many of my peers in Pakistan don't
know about the CTBT and this worries me. For this reason, my project proposes a 4-stage plan that can be put
Poster
into effectPresentations
for capacity building of Pakistani Youth. The first stage requires the introduction of courses related to
nuclear weapons and arms control in the top universities of the country. These courses will serve to unite likeminded students that support the cause of CTBT. In the second stage, these group of intellectuals can be
encouraged toCTBT
form a Entry
branch into
of theForce:
Youth Breaking
Group in Pakistan.
Third, this group will go from city to city
T5.1-P3
the Stalemate
spreading its message in different schools and universities. This will encourage the formation of more branches
S. Ullah
of the youth group.
For the final stage, these youth activists will meet with government officials in the Ministry
Center
International
Strategic about
Studies,
Pakistanmoratarium on nuclear testing with
of Foreign Affairs
to for
have
larger conversations
theIslamabad,
proposed bilateral
India. Thus, this
initiative
will bring the issue of CTBT ratification into public discourse.
Contact:
sufianullah@gmail.com
Despite differences on nuclear weapons as being the cause of unending arms race or linchpin of deterrence,
there has been general consensus on the need for nuclear disarmament. Putting a ban on nuclear tests remains
T5.3-P83 West African Countries Collaborate on the Promotion of Joint Research
one of the oldest yet hardest fought items on disarmament agenda. Given their perceived security interests and
Projects
andtheCTBT
Academic
Currucila
diverging nuclear
ambitions,
abstaining
states continue
to point fingers at each other for not being politically
sincere towards Treaty’s entry into1 force. This stalemate
has
not only halted any progress on the Treaty but also
2
U. Kadiri Afegbua , J. Nnambo , B. Ateba3, P. Amposah4
undermines the1 Centre
prospects
of
global
disarmament
that
are
already
marred by differences on mutually agreeable
for Geodesy and Geodynamics, Toro, Nigeria
mechanism to 2pursue
it.
This
scenario
calls
for
exploring
innovative
ideas on how to convince abstaining states
University of Portharcout, Rivers State, Nigeria
to get into legally-binding
mechanism.
Drawing
inference
from
the
idea of Nuclear Weapons Free Zones, a
3
Geological Survey Agency, Cameroon
region oriented4 approach
may
prove
useful
in
finding
solution
to
the
global
problem. Through verifiable legally
Ghana Atomic Energy Commission, Accra, Ghana
binding bilateral, or even multilateral, agreements on non-testing of nuclear weapons, the goal of CTBT may be
Contact:
pursued gradually.
Givenumakad@yahoo.com;uafegbua206@gmail.com
that some states, like Pakistan, have expressed willingness to enter into legally binding
bilateral agreement with India, the prospects of this graduated regional approach appear bright.
Low level of research collaborations has been the bane of scientific development within West African region.
However, an unprecedented milestone was achieved in 2017 as researchers from Cameroun, Nigeria, Benin
Republic, Togo, Ghana and Senegal have joined forces to work towards advancing research activities and
T5.1-P4
Leveraging
CTBT's
Verification
Provisions
promote integration
of CTBTthe
Academic
curricula
in the region.
The group for
met Promoting
during the lastEntry-Intoquarter of 2017 to
Forcefor rapid attainment of its resolutions. The meeting which attracted researchers, academia
work out modalities
and students cutting across
most disciplines
from higher institutions, gave rise to fundamental research prospects
1
2
Hoell
, Y. Woo
in the region M.
which
include
the
use
of
IMS
products for integrated research, ambitious data sharing, joint
1
European
Leadership
Network,
London,
UK
research projects
and
knowledge
exchange,
overall
diversification
and integration of knowledge-based CTBT
2
Hudson
Institute,
Washington,
DC,
USA
academic curricula in key institutions in the region. One of the strategies adopted by the group include
involvement of
ECOWAS
as a regional block for quick policy implementation. The group equally identified
Contact:
mhoell@outlook.com
some challenges that may hinder meaningful research and prospect of incorporation of CTBT academic
The
CTBT's
verification
provisionsthe IMS -are
unparalleled
in arms
control
agreements.
Yet,
curricula
which
include ease
of accessespecially
to CTBT materials,
internet-based
tools,
and CTBT
course
accreditation
verification
concerns
were have
key in
thebeen
1999
US Senate
rejection
of the CTBT. More
generally, the role of
etc. Region-based
solutions
also
proposed
to address
the aforementioned
constraints.
effective verification has not been not been sufficiently acknowledged recently. The Treaty on the Prohibition of
Nuclear Weapons, for example, reduces verification to Comprehensive Safeguards Agreements, thus taking a
step back from the more rigorous Additional Protocol. Similarly, the demise of the Intermediate-Range Nuclear
Forces Treaty underlines the importance of verification of treaties, with 'disarmament verification' having
become a buzzword in the framework of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). We
argue that the CTBT's contribution to arms control verification should be leveraged not only for strengthening
the NPT in trying to work out what verification would look like in a nuclear disarmament context, but also for
achieving entry-into-force of the CTBT itself. The nuclear tests conducted by the Democratic People's Republic
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Regardless of your background
or line of
work. Talin,
Regardless
of how you fit into the bigger picture of the CTBTO.
You need young people
to joinigor.chunchuzov@gmail.com
your organization, be your next generation, and help you publicize your findings.
Contact:
But it can be incredibly difficult to motivate young people to follow a cause. So this presentation aims to
The
experimental
results
of studying
the effect ofyoung
a fine-scale
structure
of ayour
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educate
a broader
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on the
topic of motivating
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to
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(ABL)care
on fluctuations
the care
parameters
of acoustic
pulses
withknowledge
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coversboundary
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about. Whyofthey
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And how
to generated
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to
min)
by own
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detonation
source are presented. The vertical profiles of wind velocity fluctuations in the
promote
your
work with
the CTBTO.
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
This work was supported by RFBR N 18-55-05002
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Climate Change Through the Eyes of Radioisotopes
L. Terzi1, M. Kalinowski2, G. Wotawa3, P. Saey4, M. Schoeppner5, I. T. Hoffman6
1
Belgian Nuclear Research Center (SCK•CEN), Mol, Belgium
2
CTBTO Preparatory Commission, Vienna, Austria
3
Central Institution for Meteorology and Geodynamics (ZAMG), Vienna, Austria
4
TU Wien Atominstitut, Vienna, Austria
5
University of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria
6
Health Canada, Radiation Protection Bureau, Ottawa, ON, Canada
Contact: lucreziaterzi@hotmail.com;lucrezia.terzi@sckcen.be

Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
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The experimental results of studying the effect of a fine-scale layered structure of a stably stratified atmospheric
boundary layer (ABL) on fluctuations of the parameters of acoustic pulses generated with a certain period (1
min) by an artificial detonation source are presented. The vertical profiles of wind velocity fluctuations in the
thin layers of the ABL have been retrieved using the wave forms and travel times of the recorded arrivals of
pulses from the source. It is shown that the mechanism of scattering of pulse signals in a stably stratified ABL is
similar to the mechanism of scattering of signals from ground surface explosions by layered nonhomogeneities
of wind velocity and temperature in the stratosphere and lower thermosphere. The role of similarity parameter
here place the dimensionless thickness of the reflecting nonhomogeneous layers, which is the vertical scale of
the layer multiplied by the relative difference in effective sound velocity and normalized by the vertical
wavelength. The effect of such inhomogeneities on the temporal fluctuations of the azimuth and arrival times of
the signals is studied. The estimation of the error in localization of pulsed sources is given. Acknowledgement:
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Cosmogenic radionuclides beryllium-7 and sodium-22 are known atmospheric tracers and can be used together
in a lock-in technique to effectively trace vertical air masses based on surface measurements. This technique
allows to study progression and speed of atmospheric cells. Data show that the cells are decelerating during the
summer period which is extending in time. This is caused by warming of the whole troposphere and increased
tropopause height due to rising CO2 concentrations. Aestival episodes of persistent high-pressure systems over
Europe with low pressure gradients that led to almost stationary thunderstorms are correlated with the observed
deceleration of atmospheric cell movement. This demonstrates that 7Be and 22Na can be used as indicators for
confirming several side effects of climate change while providing a new modelling tool in seasonal weather
forecast.
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In this study we examined 344 bolides (airbursts) reported on the JPL CNEOS website
(https://cneos.jpl.nasa.gov/fireballs/) between 2007-2018 and attempt to correlate these with infrasound
detections. We found 206 of these bolides were detectable by at least one infrasound station while only 42 were
automatically registered as part of the Reviewed Event Bulletin (REB) issued daily by CTBTO. However, this
global REB detection rate of ~10% averaged from 2007-2018 is less than the "modern" rate (from 2014-2018)
which approaches 20%. Above the 1 kT CTBTO design threshold, we find that 40% of airbursts are reported in
the REB, while more than 90% are detectable at one
285 or more infrasound stations. All airbursts with energy > 2
kT reported on the JPL fireball site since 2007 have been detected infrasonically. However, the REB is only
complete above 15 kT with the automated detection system not having reported at least four airbursts with
3

