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The Ninth Workshop on Signatures of Man-Made Isotope Production (WOSMIP-IX) was held December
4-7th, 2023 in Santiago Chile, co-hosted by the Chilean Nuclear Energy Commission (CCHEN). The
workshop had a total of 117 participants: 88 in-person and 29 virtual attendees. The detailed agenda
and presentations for the workshop and the attendance list are located at https://www.wosmip.org/.

WOSMIP-IX consisted of the following main topical areas: measurement and understanding of
backgrounds, introduction to a list of potential sources of man-made radionuclides (aka, the “WOS-list”),
emissions and sources of radionuclides, stack monitoring of facilities, Mo-99 production, and
atmospheric transport modeling (ATM) and events and measurements of interest. These topical areas
consisted of presentations, a poster session, and a dedicated roundtable discussion around a new
repository for xenon source term data WOS-list. During the workshop, there was a tour of the RECH-1
Research Reactor, Nuclear Physics and Neutron Spectroscopy Center (CEFNEN), Cyclotron and National
Environmental Monitoring Stations at the Chilean Nuclear Energy Commission. While at the CCHEN,
there was also a networking event that consisted of digital posters that covered topics such as:
cytogenetic dosimetry (CCHEN), radionuclide dynamics in agriculture (CCHEN), international monitoring
system stations for radionuclides (CCHEN/OTPCE), and source team analysis of Xenon (STAX) | (INVAP).
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The Pacific Northwest National Laboratory (PNNL) would like to thank the Chilean Nuclear Energy
Commission. PNNL would also like to thank all WOSMIP participants for their contributions to the
workshop and this report.
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The 9th Workshop on Signatures of Man-Made Isotope Production (WOSMIP IX) was held December 4-
7th, 2023 in Santiago Chile, hosted by the Chilean Nuclear Energy Commission (CCHEN) and supported
by the Pacific Northwest National Laboratory (PNNL). WOSMIP IX provided a unique forum for technical
discussions and collaborations to discuss the impact of radioisotopes released from civil and industrial
sources on nuclear explosion monitoring in support of the Comprehensive Nuclear-Test-Ban Treaty
(CTBT). It aimed to unite experts from the radioisotope and nuclear explosion monitoring communities
for a 4-day friendly scientific meeting with a facility tour provided at CCHEN. Recognizing the immense
importance of both radioisotope production and nuclear treaty monitoring, WOSMIP IX sought to bring
together both communities to better understand the challenges created by radioisotope effluents
released from the peaceful uses of nuclear technology and to propose methods to mitigate these
emissions.

Topical areas for WOSMIP IX focused on the measurement and understanding of backgrounds,
introduction to a list of potential sources of man-made radionuclides (aka, the “WQS-list”), emissions
and sources of radionuclides, stack monitoring of facilities, Mo-99 production, and atmospheric
transport modeling (ATM) and events and measurements of interest. These topical areas consisted of
presentations, a poster session, and a dedicated roundtable discussion around a new repository for
xenon source term data WOS-list. The presentations highlighted the importance of characterizing
current and new sources of radioxenon backgrounds to aid the nuclear explosion monitoring verification
regime.

The Workshop on Signatures of Man-Made Isotope Production (WOSMIP) has a significant background
in fostering collaboration between communities involved in isotope production and monitoring. It
focuses on understanding and minimizing environmental impacts from man-made processes. WOSMIP
has evolved to address various challenges and solutions in this field, highlighting its dynamic nature and
commitment to environmental sustainability. This initiative underscores the importance of global
cooperation in managing and mitigating the effects of isotope production on the environment.

WOSMIP IX was held at the Intercontinental Hotel in Santiago, Chile. Situated in a prime location, the
hotel offers accessibility and a captivating setting for the workshop. Nestled in the heart of Santiago, it
provided proximity to the cultural, commercial, and business hubs of the city. Notably, this venue
offered convenient access to the facilities of the Chilean Nuclear Energy Commission (CCHEN).
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Figure 1: InterContinental Santiago, the conference hotel and venue.

CCHEN hosted an afternoon of tours at their facility. The afternoon started with a warm welcome from
the Executive Director, Luis Huerta. Conference attendees were broken into small groups touring RECH-
1 Research Reactor, Nuclear Physics and Neutron Spectroscopy Center (CEFNEN), and Cyclotron. After
the tours, organizers held a networking session with poster presentations on the following topics:
Cytogenetic Dosimetry (CCHEN), Department of Shared Technological Resources (CCHEN), Radionuclide
Dynamics in Agriculture, National Radiological Monitoring Stations (CCHEN), International Monitoring
System Stations for Radionuclides (CCHEN/CTBTO), Source Terms Analysis of Xenon - STAX (INVAP).
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Figure 2: La Reina Nuclear Studies Center, home of the RECH-1 Reactor

1.5 Facility Tour Photographs

-

Figure 3: CCHEN Director, Luis Huerta giving a Welcome to the Facility in the library.

Xi
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Figure 5: Group outside of CCHEN, in the Patio Esplanade
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Figure 7: Demonstration at the CCHEN neutron spectroscopy laboratory.

2.0 Session 1: Background sources

Martin Kalinowski gave a presentation "The Problems of Backgrounds at the CTBTO Prepcom" delved
into the challenges faced by the Comprehensive Nuclear-Test-Ban Treaty Organization in discerning
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man-made radioxenon emissions from natural backgrounds. Kalinowski's work highlighted the
complexities in differentiating between natural and anthropogenic sources of radioxenon, which is
crucial for effective global nuclear monitoring.

Ted W. Bowyer presented "XENAH: Xenon and Environmental Nuclide Analysis at Hartlepool," Bowyer
focused on the analysis of environmental xenon and other nuclides in Hartlepool. His research provided
key insights into the regional variations of background levels, stressing the importance of regional data
for global monitoring efforts.

Sofia Brander presented "Evaluation of the Phase Il test of Xenon International on Mount Schauinsland"
offered an in-depth analysis of radioxenon background levels at Mount Schauinsland. This study
contributed unique insights into the variations of background levels from anthropogenic sources in
specific geographical settings, emphasizing the need for tailored monitoring approaches.

Ibrahim Abdulmajeed discussed "Xenon Background Measurements in the Equatorial Region of Africa,"
Abdulmajeed explored the background levels of radioxenon in Africa's equatorial region. His work
highlighted the regional differences in background radiation levels, underscoring the diversity of
environmental factors influencing noble gas measurements.

The Background source session, along with the broader discussions, emphasized the criticality of
understanding and analyzing regional background levels of xenon and other noble gases for effective
global non-proliferation monitoring. This theme intersected with the evolving impact of backgrounds
from anthropogenic sources, notably due to the increased demand for medical isotopes and the
deployment of new, sensitive radioxenon systems like Xenon International. The integration of these
systems into the IMS, the need for timely installations, and the emergence of "Level C" samples
underline the necessity for advanced, location-specific detection methods. Additionally, the capability to
measure non-traditional radioxenon isotopes and the use of stack monitoring data for source
identification were highlighted. These developments point towards a nuanced approach to non-
proliferation efforts, requiring a balance between technological advancements and the evolving nature
of environmental and anthropogenic factors.

Charles Doll's presentation, "WOS-list: A Repository for Xenon Source Term Data," introduced the WOS-
list as a crucial database for compiling and accessing radioxenon release data from diverse sources. This
information is instrumental in Atmospheric Transport Modeling (ATM) calculations, crucial for
distinguishing industrial radioxenon backgrounds from detections at International Monitoring System
stations. The WOS-list, evolving from prior WOSMIP discussions, encompasses data on medical isotope
production, nuclear power reactors, and hospital releases, providing a comprehensive resource for
researchers and National Data Centers in nuclear non-proliferation and monitoring.

Following the introduction of the WOS-list and a subsequent roundtable discussion, key outcomes were
identified to enhance this crucial nuclear monitoring tool. The current focus of the WOS-list on IMS
stations, NPP, and MIP could be expanded to include more diverse sources. Proposed additions include
stack altitude, major operational changes, criteria for hospital inclusion based on release levels,
differentiation between accidental and standard operations, and the presence of STAX detectors.
Additionally, incorporating data on other sources like SNS, expected release ranges (maximum, average,
minimum), radioiodine levels, types of nuclear reactors, and planned facilities was discussed. Finalizing

Xiv
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source locations, understanding release frequencies, and normal operating hours of facilities were also
emphasized as essential elements to improve the WOS-list's efficacy in global nuclear monitoring and
non-proliferation efforts.

Figure 9: Sofia Brander presenting “Evaluation of the Phase Il test of Xenon International on Mount Schauinsland”

Xv
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Figure 10: Ibrahim Abdulmajeed discussing background levels of xenon in Africa's equatorial region.

2.3 POSTER Session

A poster session was kicked off by each presenter by providing an overview of their poster which moved
into a full display held at the InterContinental prior to dinner hosted by CCHEN. Posters were presented
on a range of topics including the experiments performed to better understand the transport of
radionuclides and the impact of new radioxenon emissions (traditional and non-traditional isotopes) on
the IMS, all listed in Appendix.

3.0 Session 2: Emissions and Sources

This session discussed the potential impact of radioxenon sources around the world to backgrounds for
nuclear explosion monitoring systems. While Medical Isotope Production Facilities have been a major
source in recent years, there are a wide range of current and future sources being evaluated by the
community.

Martin Kalinowski and his team’s "Review of Xe-135 observations, specifically in Japan, and possible
sources that might explain high Xe-135/Xe-133 ratios." examined the elevated levels of the 1¥Xe/133Xe
activity ratio, which is a crucial indicator in detecting underground nuclear explosions. Kalinowski
research focused on understanding the various sources of 1*Xe, including nuclear explosions and
facilities. They took a comprehensive approach, analyzing observations at various International
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Monitoring System (IMS) noble gas systems and background campaigns, comparing these observations
with different sources to assess the usefulness of the 13>Xe/**3*Xe ratio for nuclear explosion monitoring.
The team found that there is no unique explanation for all occurrences of elevated **Xe/**Xe ratios,
and that for most locations, the sources are still unclear. Suggesting the need for further investigation,
particularly regarding Light Water Reactor (LWR) start-up and activation sources, possibly including High
Enriched Uranium (HEU) reactors.

Clayton Hudson with colleagues explored "Retention of Molten Salt Reactor Off-Gas.” Hudson shared
how they focused on the challenges and potential strategies for managing off-gas from Molten Salt
Reactors (MSRs), an emerging nuclear reactor technology. Their research emphasized the importance of
effectively capturing and retaining noble gases byproducts from within the MSRs. The team proposed
innovative approaches for noble gas retention, highlighting the necessity for advancements in this area
to ensure a minimized impact of MSRs are IMS systems. Their findings are significant for the nuclear
industry, particularly in the context of deploying new reactor technologies with minimal environmental
impact.

Andrew Petts, on behalf of the XENAH collaboration presented "XENAH: Current Status, Results and
Challenges Faced." This research focused on the Xenon Environmental Nuclide Analysis at Hartlepool
(XENAH), involving a collaboration of scientists from the UK, US, and Sweden. They conducted
measurements at Hartlepool Power Station to better understand radionuclide emissions from a nuclear
power reactor and their impact on the International Monitoring System (IMS) used for Comprehensive
Nuclear-Test-Ban Treaty (CTBT) monitoring. The presentation addressed the challenges of working in a
highly regulated nuclear facility and shared preliminary results of their analysis, including the
identification of trace levels of various isotopes and insights into radionuclide activities during fuel
handling.

Tatiana Boitsova presented "Impact on IMS of Radioiodine and Radioxenon emission by spontaneous
fission of Cm-244 and Pu-240 during Spent Nuclear Fuel (SNF) Reprocessing Plants." Boitsova and
collaborators investigated the effects of radioxenon and radioiodine emissions from SNF reprocessing
plants on the International Monitoring System (IMS) for nuclear explosion monitoring. The study
focused on emissions resulting from the spontaneous fission of Cm-244 and Pu-240 in SNF. It
emphasized the relevance of such facilities in nuclear explosion monitoring, despite being previously
considered of lesser importance. The team used two methods for estimating radioxenon emissions from
these plants and validated their approach by comparing results from both methods.

Lori Metz presented on the “IAEA Cooperative Research Program (CRP)." Metz provided an update on
the IAEA's efforts to minimize radioactive gaseous releases in the production of medical radioisotopes.
This project began in 2015, focusing on developing protocols for reducing emissions while maintaining
good manufacturing practices. The CRP involved multiple research coordination meetings and a
consultants' meeting, leading to a draft TECDOC publication with major recommendations. These
recommendations aimed to enhance collaboration between isotope producers and nuclear explosion
monitoring communities, optimize isotope production processes, share stack data technology for treaty
verification, and develop methods for distinguishing emissions from nuclear explosions.

Christophe Gueibe shared research on "Radiation Resistance and Thermal Durability of Silver-Exchanged
Zeolites for Trapping Radioxenon." The study concentrated on the effectiveness of silver-exchanged
zeolites (AgZs) in trapping radioxenon. They investigated the durability of these zeolites under thermal
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regeneration and radiation exposure. The team's findings indicate that AgZs show promising potential
for use in radioxenon abatement systems due to their resistance to degradation, thereby contributing to
lower global backgrounds for monitoring systems.

Individually these studies emphasized distinct facets, from examining isotopes’ emissions in reactor
functions and reprocessing plants to exploring new materials for trapping radioactive gases. The
collective aim is to improve the detection and management of nuclear activities, ensuring safety and
compliance with international treaties. The presentations in this session showed that through better
identification, quantification and reduction of these sources, the robustness of the verification regime
can be improved.

3.1 Session Photographs

XViii
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Eresiia Muclesr

Figure 11: Group Photo at the conference venue.

4.0 Session 3: Stack Monitoring

The Stack Monitoring session demonstrated the capabilities of the STAX project and how the community
can collectively leverage the information provided by the STAX team to better understand backgrounds
observed at IMS stations.

Judah Friese updated colleagues with "The STAX Project Progress," which focused on the Source Term
Analysis of Xenon project (STAX). This project aims to improve the detection and analysis of xenon in the
atmosphere, particularly for nuclear test monitoring. The presentation discussed the progress made in
understanding xenon backgrounds and the use of STAX data in removing these backgrounds to better
identify signals of nuclear tests. The project's contributions to scientific understanding and future
directions were highlighted, emphasizing the importance of continued research and collaboration in the
field.

Mattias Auer delivered a presentation titled "Update on the STAX Data Viewing Software." This talk
focused on the latest developments and features of the STAX software, a key tool for analyzing and
visualizing data related to xenon releases. The presentation covered enhancements to the software's
user interface and functionality, aiming to improve the experience and efficiency for users.

Mihaela Rizescu presented "Interacting with STAX — Data Access and Processing." Rizescu focused on
the STAX project software capabilities. The demonstration highlighted how users can access and process
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data from the STAX systems, which monitors radioxenon isotopes released from medical isotope
production facilities. The presentation also outlined various data products generated by STAX, including
automatic time series, emissions time series, state of health reports, high-resolution gamma spectra,
and alerts. It emphasized the secure transfer and processing of data, ensuring user-friendly access and
comprehensive data analysis capabilities.

These presentations collectively underscored the advancements and challenges in radioxenon source
detection and analysis. They highlighted the collaborative efforts and technological innovations in
collection, processing, and visualization of the data.

Figure 12: Judah Friese updating attendees of the progress of the STAX Project.

Figure 13: Mattias Auer giving an update on STAX data viewing software.

XX
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Figure 14: Mihaela Rizescu presenting on STAX data access and processing.

The sessions on production highlighted the various companies involved in medical isotope production
and detailed the progress being made in the production of medical isotopes and reduction of
radioxenon releases.

Roy W. Brown’s "Curium Briefing on Mo-99 & Xe-133 Production" covered the company's operations in
producing Molybdenum-99 (Mo-99) and Xenon-133 (Xe-133), vital isotopes in nuclear medicine. Brown
discussed Curium's history, global presence, and the importance of Mo-99 in medical diagnostics. A
significant focus was on the efficient and environmentally responsible production processes, particularly
highlighting the measures taken to minimize Xe-133 effluent releases. The presentation also touched on
the medical applications of Xe-133, underscoring its role in diagnosing pulmonary embolism.

Frédéric Brabant outlined within "Full Conversion of IRE Mo-99 Production Process to LEU: Impact on
Radioxenon Emissions." the details concerning the transition of the Institut des Radioéléments from
Highly Enriched Uranium (HEU) to Low Enriched Uranium (LEU) in the production of Molybdenum-99
(Mo0-99), lodine-131, and Xenon-133. The conversion, completed in March 2023, had a significant impact
on reducing radioxenon emissions, a critical factor in environmental and treaty compliance
considerations. The process changes led to a notable decrease in 133Xe emissions, promoting the
monitoring benefits of using LEU in isotope production.

Daniel Cestau gave a detailed history and current state of fission radioisotope production in Argentina,
focusing on the new production plant project, in "Project of a New Fission Radioisotope Production Plant
in Argentina and the Planned Noble Gas Emission Mitigation System." The plant aims to produce Mo-99
and I-131, with significant attention given to noble gas emission mitigation. The team considered several
engineered abatement methods, including containment, adsorption, hydrogen oxidation/reduction, and
innovative methods developed by CNEA.

John N. Dewes presented "IAEA Activities in Support of Mo-99 Production with LEU." Dewes focused on
the IAEA's efforts to minimize the use of Highly Enriched Uranium (HEU) in the production of
Molybdenum-99 (Mo-99) and Technetium-99m (Tc-99m). He discussed various initiatives, including the
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promotion of Low Enriched Uranium (LEU) technology for isotope production, support for the
development of alternative production methods, and collaborative projects aimed at reducing
radioactive emissions. The presentation highlighted the IAEA's role in facilitating global transition
towards more environmentally sustainable and non-proliferation friendly production methods.

Jakub Osko provided a presentation on "Environmental Radiation Monitoring on the Territory of the
National Centre for Nuclear Research, Poland." Osko focused on the radiation monitoring activities at
the Swierk Nuclear Centre, Poland's main nuclear research facility. The presentation detailed the
monitoring strategies, including both online and offline methods, for various environmental samples like
air, water, and soil. Highlighted the importance of comprehensive radiation monitoring in ensuring
environmental safety around nuclear facilities and meeting regulatory requirements.

Max Postman’s "NNSA Support to Mo-99 Production." focused on the NNSA's efforts in promoting the
transition from Highly Enriched Uranium (HEU) to Low Enriched Uranium (LEU) in the production of
Molybdenum-99 (Mo-99). This initiative has successfully led to all major international Mo-99 producers
using LEU targets. Additionally, the presentation highlighted the U.S. government's support for
emissions monitoring and control, developments in new Mo-99 production facilities, and technical
accomplishments of various national laboratories in the U.S. in relation to Mo-99 production.

These presentations collectively underscore the dynamic nature of the nuclear research and isotope
production fields. An emphasis is on the evolution of practices towards environmental sustainability, the
adoption of innovative production and abatement techniques in medical isotope production. They also
underscored the significant role of governmental efforts, particularly by the NNSA, in facilitating the
transition to more sustainable production processes and advancing the global standards in nuclear
safety and non-proliferation.

The poster titled "Estimation of Radioxenon Release Trajectory Plots Based on the Recent Development
of the Molten Salt Reactor" was voted best poster and Sri Sundari Retnoasih of the National Research
and Innovation Agency (BRIN) of the Republic of Indonesia was acknowledged and presented the
WOSTER award.
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Figure 15: Sri Sundari Retnoasih with her WOSTER award

This session discussed different atmospheric transport models and methods of utilizing the data for
event analysis. While the new radioxenon monitoring systems are becoming more sensitive and the
understanding of backgrounds is improving, the atmospheric transport modeling is important to be able
to link observations with background releases.

Yuichi Kijima investigated "Using a Monte Carlo Approach to Determine the Radioxenon Probability
Density Function at an IMS Station for Background Estimation." Kijima focused on a novel method to
estimate the background levels of radioxenon at International Monitoring System (IMS) stations. The
team used a Monte Carlo approach to model the probability density functions of radioxenon
concentrations, considering emissions from known nuclear facilities. This method aims to improve the
accuracy of background estimation, which is critical for the effective monitoring of nuclear explosions.

Donald D. Lucas focused on "Top-down Estimates of Daily Global Emissions of Anthropogenic
Radioxenon during 2013-2022." Lucas introduced a new method for estimating global radioxenon
emissions using top-down analysis, combining atmospheric transport simulations with inverse methods.
This approach, contrasting with traditional bottom-up methods, utilized machine learning to infer daily
Xe-133 emissions and provided insights into the global trend of these emissions over a decade. The
findings revealed a downward trend in global Xe-133 emissions despite increasing demand for
radioisotopes.

Xxiii



PNNL- 36095

Robin Schoemaker presented "A Software Tool for Exploring Scientific Methods to Estimate the
Radioxenon Background with More Confidence." Schoemaker outlined a software tool designed to
improve the estimation of the radioxenon background in the atmosphere. The tool utilizes advanced
scientific methods, including Monte Carlo simulations, to enhance the confidence in background
estimations, crucial for accurate nuclear test monitoring. The team's work is part of ongoing efforts to
optimize the detection capabilities of the International Monitoring System.

Klas EImgren’s "The Swedish Noble Gas Array — Experience and Future" dove into the SAUNA QB
system, a network of radioxenon detection systems installed across Sweden, along with his team. This
highlighted the effectiveness of this array in identifying radioxenon sources and the use of machine
learning to analyze data. The array's ability to detect multiple plumes of xenon per week in Sweden was
emphasized, showcasing its potential in monitoring atmospheric radioxenon levels.

Boxue Liu presented "Updating Screening Thresholds." On behalf of his team, Liu focused on sharing
improving the screening of nuclear explosion events by updating algorithms for estimating isotopic
activity ratios and associated thresholds. The team suggested using a second-order polynomial model
for estimation and setting thresholds based on nuclear explosion scenarios. They emphasized the
importance of accurate event screening in the context of the Comprehensive Nuclear-Test-Ban Treaty
(CTBT) and the need for further research in this area.

Alex Jonko studied and outlined in "Investigation of the Joint Influences of Background RN Sources and
Topography on Plume Characteristics at Monitoring Sites using the Weather Research." Jonko explored
how background radioactive noble gas sources and local topography influence plume characteristics at
monitoring sites. Using WRF-Chem simulations, the team analyzed how these factors affect the
detection and interpretation of radioxenon emissions. This research is significant for improving the
accuracy of monitoring and interpreting data from nuclear test detection systems.

These presentations highlight significant advancements in nuclear monitoring capabilities. They
collectively emphasize the importance of uncertainty reduction in the atmospheric transport modeling.
The use of Monte Carlo methods, global emission analysis, software tools for estimating radioxenon
background, and the study of topography and background sources on plume characteristics, together
provides a comprehensive insight into the ability to model the propagation of radioxenon signals.

The WOZZIE award went to Dr. Andrew Petts of EDF Energy of the United Kingdom for his pioneering
work to understand emissions from nuclear reactors. Andrew has helped to highlight the potential range
of radioxenon isotopic ratios from nuclear reactors and the dependence on reactor design and
operation.
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Figure 16: Andrew Petts with WOZZIE award, along with conference organizers.

6.2 Session Photographs

7.0 Conclusion

Two awards were given at WOSMIP-IX (WOSTER/WOZZIE), the WOSTER for best poster and the WOZZIE
for overall contribution to the community. The WOSTER was awarded to Sri Sundari Retnoasih of the
National Research and Innovation Agency (BRIN) of the Republic of Indonesia for “Estimation of
Radioxenon Release Trajectory Plots Based on the Recent Development of the Molten Salt Reactor.” The
WOZZIE award went to Dr. Andrew Petts of EDF Energy of the United Kingdom was awarded the
“WOZZIE” for his pioneering work to understand emissions from nuclear reactors.
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The partnership between CCHEN and PNNL is a major accomplishment in the field of nuclear explosion
monitoring and showcases the dedication of both organizations to advancing this critical effort. The
STAX project and WOSMIP represent significant steps towards a safer and more secure world.

Experts at WOSMIP had a few recommendations for further work in this area including:

1) The monitoring community agreed that the efforts to create and maintain a list of potential sources
of airborne radioactivity continues to be an important task for WOSMIP. Current fields and additional
fields were discussed, including emission location, emission type, expected hits and many more.

2) Participants were extremely excited about the use of STAX data and agreed that continued use within
the analysis and leveraging by NDCs will help to better understand how the data can be leveraged by the
community.

3) Participants were very grateful for the efforts by the medical isotope producers to reduce emissions
and provide stack monitoring data. It was agreed that continued collaboration will be important to the
success of the background minimization efforts for the monitoring community.

4) Participants highlighted the importance potential sources of “non-traditional” radioxenon isotopes
throughout the workshop. The usual sources of radioactivity include new types of nuclear reactors and
medical isotope production facilities, hospitals, and spallation neutron sources. These other sources
should continue to be studied and should also be added to future iterations of the WOS-list.
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Appendix A - Workshop Program

Monday, December 04, 2023 | Day 1

TIME| SESSION | TITLE | SPEAKERS
10:00 a.m. — 12:00 Conference Registration | InterContinental Santiago | Las Americas Foyer | Level 1
p-m.

1:00 p.m. — 5:00 p.m.
1:00 p.m.

1:30 p.m.

2:.00 p.m.
2:20p.m.-2:30 p.m.
2:35p.m.-2:45 p.m.

245 p.m. - 3:00 p.m.

3:00 p.m.—4:30 p.m.

3:00 p.m. - 4:45 p.m.

4:45 p.m.—5:00 p.m.

7:00 - 9:00 p.m.

Facility Tour | CCHEN La Reina Facility

Gather in InterContinental Hotel lobby to depart

Load Buses to depart for CCHEN La Reina Facility

Arrive and processing at CCHEN

Welcome by the Executive Director of CCHEN, Luis Huerta | CCHEN Library
Group Photo | Events Patio Esplanade

Designation of groups to access the facilities

Facility Visits:

= RECH-1 Research Reactor

= Nuclear Physics and Neutron Spectroscopy Center (CEFNEN)

= Cyclotron

Once each group finishes the tour, they will join the networking session in the Library.

Workshop Networking Coffee Break | Digital Poster Session | CCHEN Library

= (Cytogenetic Dosimetry | CCHEN

= Department of Shared Technological Resources | CCHEN

= Radionuclide Dynamics in Agriculture | CCHEN

= National Radiological Monitoring Stations | CCHEN

= |nternational Monitoring System Stations for Radionuclides | CCHEN/OTPCE
= Source Term Analysis of Xenon (STAX) | INVAP

Conclusion of event and bus departure to InterContinental Hotel

Workshop Networking Happy Hour | Pullman Santiago El Bosque
Hosted by ISTI
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Tuesday, December 05, 2023 | Day 2

TIME |  SESSION | TITLE | SPEAKERS

&:30 a.m. Conference Registration | InterContinental Santiago | Norte América Ballrom

9:00a.m.-11:00am.  Welcome and Workshop Overview | Session Chair: Ted Bowyer (PNNL)
800 a.m. Welcome to WOSMIP [X | Opening Remarks
9:30 am. WOSMIP 1X Dverview | Ted Bowyer | PNNL

&:45 am. Evolution of WOSMIP: A Journey Through Time | Paul Sagy | TU Wien
10:08 2.m. The International Monitoring System Radionuclide Network| Richard Britton | CTETO

10:30am. |  Workshap Networking Coffe Break | Group Photo

11:00am.-3:00p.m.  SESSION I: Backgrounds | Session Chair: Lori Metz (PNNL)

The Problems of Backgrounds at the CTBTO Prepcom | Martin Kalinowski | CTBTO |

11:00 a.m. Virtual

1190 2m XENAH: Xenon and Environmental Nuclide Analysis at Hartlepool |
T Matthew Goodwin | AWE | Presented by Ted Bowyer, PNNL

1200 o Evaluation of the Phase || test of Xenon international on Mount Schauinsland —
e |dentifying detections of interest | Sofia Brander | BIS

12:25 pum #enon Background Measurements and Analysis in Nigeria in the Equatorial Region of

Africa | Abdulmajeed lbrahim | Migerian Nuclear Regulatory Authority
12:50 p.m. Working Lunch

2:00 p.m. - 3:00 p.m. WOS-list | session Chair; lan Cameron (PNNL)

2:00 p.m. WOS-list: A repository for xenon source term data | Charlie Doll | PNNL

Roundtable | WOS-list

918
215 p.m. Facilitator: lan Cameron | PNNL

3:00 p.m. — 3:30 p.m. Workshop Networking Coffas Break
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TIME |  SESSION | TITLE | SPEAKERS

3:30pm.-415pm.  POSTER SESSION | Session Chair; Tami Weber (PNNL)
330pm —-335pm. Poster Session Introduction | Stanislav Koévara | VF Nuchear
Postar Session Flash Talks
Posters:

1. Andrés Crdenas Ceballos: Title TRD

2 Eduardo Cardos Carranza, Eduardo Nassif, Mauro Nudez, Roman Ping, Andrés Zapals,
and Ricardo Sagarzazu: The EZEIZA MIPF STAX

3 Bengit Deconninck: Mo-99 production using a high-power accalerator - The story of a
chaifenging project

4. Chanie Doll: STAX-2 investigation info the impact of nuclear power plants on nuclear
expiosion monitoring

4 Michasl Foxe: Uilizing the Man-Made (solope Transpar and IMS Data fo Evaluale
Climate Change Indicators

6. Lee Glascoe Improving Sensar Siting for Plume Detectability with Mulbiscale
Atmospheric Transpori Modeling

7. Anas Hamdouchi: STAX system af [RE

8. Claus Johannsen: Recovery and parformance of the Nobie Gas system at CLXT18
Easter fsland, during and after the COVID-18 pandemit lock-gown

& Madin Kalimowski: Explonng the use of radioxenon to radioiodine isofopic ratios as
additional screening method regarding possitie CTET-relevant events

F35pm - 4£15pm. 10. Joshua Kunkie: Evaluation of methodologies for farming 2 global view of radionuclide
release events and their application lo the dala fusion pipaline af the CTRTO

11, Jolanta Kusmierczyk-Michulec: The interhemizpheric transport of anthropogenic
emissions: addiional challenge for source localization

12, Boxue Liv: (mpacts on Charactenzation of CTBT-relevant Nuclear Evenis using
Isofopic Activily Ratios caused by the Radiavenon Background af IMS Stations

13. Ahmad Malkawi: Radioisotope Produchion i Jordan Research reactor update

14, Chrislian Maurer; Finafl resuifs of ihe 1sf Nuclear Explosion Signal Screening Open
intar-Camparison Exercise 2021

15, 5ri Sundan Refnoasihc Estimation of Radickenon Release Trajectory Plots Based on
The Recent Development of ihe Molten Salt Reactor

16. Anfomeita Rizzo: Title TBD

17. Troy Robinson: An Analysis of Polential Sources of Non-fission Product Xenon
Radionuchides

18. Can Seifert: Lessons leamed from an afmasphenc radiotracer experiment

19. Angz Valdés Duran: Polential studies of ragioactive elements in sails and sedimenis,
Chile

2. Jim Zickenioose: Predictive Maintanance of HPGe-based Sysfems with Lab-Pulse
Senices
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TIME| SESSION | TITLE | SPEAKERS

5:15p.m.-9:30pm.  EVENING EVENTS

5:15 p.m. Gather in InterCantinental Hotel lobby to depart
530 pm. Load Buses to depart for Club de Campo de Oficiales Quinchamali Fach

WOSMIP Poster Session Happy Hour | Club de Campo de Oficiales Quinchamall Fach

£:00 p.m.—7.30 pm. Haosted by VF Nuclear

Offsite Dinner | Club de Campo de Oficiales Quinchamali Fach

& _|| LT, — J--"'
730 pm —930pm. |\ ced by CCHEN
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Wednesday, December 06, 2023 | Day 3

TIME

SESSION | TITLE | SPEAKERS

9:00 a.m. - 1:50 p.m.

900 am.

Q25 am.

850 am.

10:35.a.m.

=
i
E:|

11:25 a.m,
11:50 a.m,

12-10 p.m.

1:50 p.m. — 4:00 p.m.

SESSION 1I: Emissions & Sources | Session Chair: Paul Saey (TU Wien)

Review of Xe-135 observations, specifically in Japan, and possible sourzes thal might
explain high Xe-135/Xe-133 ratios | Mariin Kalinowski | CTBTO | Virtual

Retention of molten salt reactar ofi-gas | Clayion Hudson | University of Texas, Austin |
Virtual

Workshop Networking Colffee Braak
KENAH: Current stalus, results and challenges faced | Andrew Petls | EDF Erargy

Possible impact on IMS cbservations of radioiodine and radioxenon emission produced
by spontanecus fission of Cm-244 and Pu-240 and released during spent nuclear fuel
[SNF) reprocessing planis | Tatiana Boitsova | CTETO

IAEA Cooperative Research Program (CRP) | Lon Matz | PNNL

Radiation resistance and thermal durability of sitver-exchanged zealites for trapping
radioxenon | Chnstophe Guetbe | SK CEN

Working Lunch
SESSION lil: Stack Monitoring | Session Chair: Christopher Celis (CCHEN)

150 p.m.

215 pm,
240 pm.

3:05 p.m,

I35 pam.

4:00 p.m. — 4:25 p.m.

STAX | Judah Friese | PNNL
Updale on the STAX data viewing software | Mattizs Auer | ISTI

Interacting with STAX — Data access and processing | Mihaela Rizescu | 15T

Workshop Networking Coffee Brask
Stack Monitoring 08A | Ted Bowyer | PNNL

SESSION IV: Production | Session Chair: Judah Friese (PNAL)

400 pm.

NNSA Support to Mo-99 Production | Max Postman | MA-23 | Viriual

4240 p.m.

00 pm.

Woster Award | Session Chair: Ted Bowyer (PNNL)

Session Concludes

Offsite Dinner | Divertimento Chileno
Hosted by CTBTO
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Thursday, December 07, 2023 | Day 4
TIME |  TITLE | SPEAKER | ORGANIZATION

g:00a.m.—11:30am.  SESSION V: Production, cont | Session Chair: Judah Friese (PNNL

800 a.m. Curium Briefing on Mo-89 & Xe-133 Production | Roy Brown | Curium
995 2 m Full comversion of IRE Mo-99 production process {o LEL : Impact on radio-xenon
: : emissions | Frédéric Brabant | IRE
850 4m Project of a new Fission Radioisolope Production Piant in Argentina and the planned

noble gas emission mitigation system | Daniel Cestay | CHEA
10:15 am. IAEA Activities in suppor of Ma-99 Production with LEU | John Dewes | |AEA
10:35am. Workshop Networking Coffee Break

Envimnmental radiation monitoring an the temitony and vicinity of the Mational Centre for

Tl 2. Nuclear Research, Paland | Grzegorz Krzysztoszek & Jakub Odko | NCBJ

SESSION VI: ATM & Events | Session Chair: Christian Maurer (GeoSphare

11:30 a.m. — 3:30 p.m.

Austria)

Uszing 2 Maonte Carlo Approach to Determine the Radioxenon Probability Density Function

EIs]
il at an |MS Station for Background Estimafion | Yuichi Kijima | CTETO | Virtual

Investigation of the joint influences of background RN sources and topography on plume
11:50 a.m. charactenistics at monitoring sites using the Weather Research and Forecasting moded
with inline chemisiry (WRF-Chem) | Alex Jomko | LLNL

Top-down estimates of dally global emissions of anthropogenic radioxenan during 2013-
2022 | Don Lucas | LLNL

12:35 p.m. Working Lunch

# Software Tool for Exploring Scientific Methods to Estimate the Radioxencn Background
with mare Confidence | Robin Schoemaker | CTBTO

12:15 p.m

1245 p.m.

210 pim, The Swedizh Moble Gas Amay — expenence and future | Eimgren | FOI

Updating Algorithms of |sotopic Activity Rafios and the associated Thresholds for
sereening CTBT-relevant Nuclear Events | Boxue Liu | CTETO

3:00 p.m. Workshop Networking Coffes Break

235 pum.

J0p.m. —415p.m. CONCLUSION & SUMMARY | Session Chair: Michasl Foxe (PNNL)

330 p.m. WOSMIP X Summary | Michael Foxe | PNNL
400 p.m. The Waozzie | Ted Bowyer | PNNL

4:15 p.m. Conference Concludes
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1 Christian Maurer 1%t Nuclear Explosion Signal Screening Open Inter-Comparison
Exercise 2021

2 Troy Robinson An Analysis of Potential Sources of Non-fission Product Xenon
Radionuclides

3 Sri Sundari Retnoasih Estimation of Radioxenon Release Trajectory Plots Based on The
Recent Development of the Molten Salt Reactor

4 Joshua Kunkle Evaluation of Methodologies for Forming a Global View of
Radionuclide Release Events and their Application to the Data Fusion
Pipeline at the CTBTO

5 Martin Kalinowski Exploring the use of Radioxenon to Radioiodine Isotopic Ratios as
Additional Screening Method Regarding Possible CTBT-Relevant
Events

6 Jim Zickenfoose HPGe CP5 Predictive Maintenance

7 Boxue Liu Impacts on Characterization of CTBT-relevant Nuclear Events using
Isotopic Activity Ratios caused by the Radioxenon Background at IMS
Stations

8 Lee Glascoe Improving Sensor Siting for Plume Detectability with Multiscale
Atmospheric Transport Modeling

9 Cari Seifert Lessons Learned from an Atmospheric Radiotracer Experiment

10 Jim Zickenfoose Mirion Spectroscopic Stack Monitor — System Overview, Data, and
Analysis

11 Benoit Deconninck Mo-99 Production Using a High-Power Accelerator — The Story of a
Challenging Project

12 Ana Valdés Duran Potential studies of radioactive elements in soils and sediments,
Chile

13 Claus Johannsen Recovery and Performance of the Noble Gas System at CLX19, Easter
Island, during and after the COVID-19 Pandemic Lock-Down

14 Anas Hamdouchi STAX System at IRE

15 Charlie Doll STAX-2 Investigation into the Impact of Nuclear Power Plants on
Nuclear Explosion Monitoring

16 Eduardo Luis Nassif The Ezeiza MIPF STAX

17 Jolanta Kusmierczyk-Michulec The Interhemispheric Transport of Anthropogenic Emissions

Additional Challenge for Source Localization
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Last Mama First Nama Drgankzation

Chester Daniel Atoenic Weapons Establishmant (AWE]
Goodwin Miatthew Atornic Weapons Establishment [AWE]

o Blake australian Radiation Protection and Nuclear Safety Agency [ARPANSA)
Hoffrnann Errieriy australia's Muclear Science and Technology Organisation (ANSTO)
|Gueibe Christophe Belgtan Muclear Reseanch Cantre (300 CEN)
Hiromaoto Goro Brazillan Nuclear Energy Commission
Aetnoasih Sri Sundari BRIN of Indonesia

Cestau Caniel Central Nuclear en Atucha [CNEA)

Banfim Carlos Eduardo Chemical, Blological, Radinlogical and Muclear Defense Institute
Zambra nMarcelo Comisidn Chilena de Energia Nuclear [CCHEN)
Crispieti Renzo Comisitn Chilena de Enargla Muclear [CCHEN)
Waldés Durdn Ana Cornisidn Chilena de Energfa Muclear {CCHEN)
HAomerd-Barrientos  [laime Comiaidn Chilena de Enengla Nudsar [COHEN)
Ly Dorls Comisidn Chilena de Enengia Nuclear [CCHEN)
Villegas Daniel Comskin Chilena de Enengfa Nudlear ([CCHEN)
teding Luiz Comiskdn Chilena de Energia Muclear [CCHEN)
Vafar Maria Cormasstn Chilena de Enengla Nuciear [CCHEN)
Sylwester Gustavo Comisidn Chilena de Energla Mudear [CCHEN)
bdorales Herrera Mria Jesis Comiskn Chilena de Ensrgla Nuckear [CCHEN)
Blanc Poulette Comisidn Chilena de Enengia Mudear [CCHEN)
Wila Franclsca Comisidn Chilena de Enengla Nudear [CCHEN]
HenFigues Patricio Comisidn Chilena de Enengla Nudlear [CCHEMN]
aldés LUE] Comisiin Chilena de Enengla Nudlear [CCHEN)
Bolina Francksco Comiskin Chilena de Energfa Nudear [CCHEN)
Manriguez Luis Cormisstn Chilena de Energla Muclear [CCHEN)
Catanueva Rommy Comisidn Chilena de Energla Nudiear [CCHEN)
Magel Barhara Comitsidn Chilena de Energla Nuclear {CCHEN)
Rios hirtha Comiskdn Chilena de Enengfa Nuclear [CCHEN)
Aojas Valerla Cornision Chilena de Energla Muclear [CCHEN)
Calis Christopher Comasitn Chilena de Energla Mudlear [CCHEMN)
Garcia Panla Comisidn Chilena de Enengia Nuciear [CCHEN)
Brown Roy Curium Pharma

Ewasiuk Keith Defense Threat Reduction Agency (OTRA}
Bloch Lindsay Degartmeant of Defense (DOD)

Patis Andrew EOF Enengy

Tedloll Chiara Energia Mucleare ed Ensqgie alternative [EMEA)
Tedloli Chiara Energla Nutleare ed Enenge Alternative [ENEA)
Nava Elisabetta Energia Nucleare ed Energie Alternative [ENEA)
Rizzo Antoinetta Enengia Mucleare ed Enargle Alternative [EMEA)
|Brander sofla Federal Office for Radiation Protection / Bundesamt fur Strahlenschiz (BFS)
Barnadib ‘fudiutoma Imardjoko Gadjah hada University

blaurer Christian Geosphere Austria (former ZAMG]

Aohénson Trovy Idaho Hational Laboratory {INL)

Hamdouchi Anas Institute for Aadioelements [1RE)

Deconminck Benait Institute for Hadiselzments [IRE]

Brabant Frédénc Institute for Aadiselements (IRE)

Auer Matthizs Instrumental Software Technologies, Ine.
Rizescu Mihaela Instremental Softwere Technologies, Inc. (5T
Cooke Andrew Instrumental Software Technologes, Inc: (I5T1)
Hallman Sid Instrumental Software Technologes Ine. (5T
Dewes fohn Intemational Atomic Energy Agency (LAEA
Pefiaioza Samiuel INTERMATIONAL NUCLEAR INDUSTRY

Cardenas Ceballos Andrés Internaticnal Muclear Industry

Mansairo, Marla Cecilia INVAP SE.

D'Anna Emiliano INVAP 5.E,

Sagarzazu Ricardo INVAP S.E.

Mz Mauro Andres INVAP SE.

Massif Eduardp Luis INVAP 5.E.

Piola Lucas INVAP SE

Furing Akiko lapan Atomic Energy Agency

Blalkaw! Ahrmad Fordan Atomic Energy Commission[IAECH
Lutas Dwnn el Lawrence Livermore National Laboratory (LLNL|
Waters Arrry Lawrence Livermore National Laboratory (LLML)
Glascoe Les Lawrence Livermore National Laboratory (LLNL)
lanko Alax Los Alamos National Laboratony (LANL]
Tickefoose Hm wirion Technologies |Canberra) Inc

I SERnkEVICIUS. atalia Katonal Atomic Enengy Cormmisshon

Oriko Jakub Kational Centre for Nedear Research
Kraysitoszek GIZEgMT Natiznal Centre for Mudear Research

XXXiV



PNNL- 36095

EEuans Tieraghy National Nuclear Security Administration (NKSA)

Kros Charles Necsa

rchammed Hadiza Nigerian Nuclear Aegulatory Authority

Fhrahim Abdulmajeed Rigerian Nuclear Reguletory Authority

Stephens Daniel Pacific Northwest National Laboratory (PNML}

Dol Charlle Pacific Morthwest Mational Laboratory (PHNL)

Melson Dennis Pacific Morthweest Mational Laboratory (PNMNL)

Metz Lan Pacific Morthwest Mational Laboratory (PNBL)

Howyer Theodare Pacific Morthwest Natlonal Laboratoey (PNML)

Friese Hudah Pacific Morthwest Nationel Laboratory (PNNL)

Weber Tami Facific Northwest Nationa] Laboratary (PNML}

Sedfert Carolyn Pacific Northwest National Laboratory (PNNL)

Fome Michael Pacific Northwest National Laboratory (PNMLE

Cameran tan Pacific Northwest National Laboratary (PNNL)

Dufault Gaby Pacific Northwest National Laboratary (PNMNL)

Garcla Hidalia Pacific Northwest Matlonal Laboratory (PNMLL

Thorén ilctor Scienta Ennat

Breitkreuts Harald

Parssan Tobdas SCienta Envinet

Elrngren Klas Swedish Defence Ressarch Agency (FOI}

Mdener Mattlas Swedish Defence Research Agency (FOI}

Hare Jonathan The Preparatony Commission for the Comprehensive Nuclear-Test-Ban Treaty Organization {CTETO)
isalgueira Pires Wint Carla Maria The Pregaratony Commission for the Comprebensive Nuckear-Test-Ban Treaty Qvganizathon {CTETO]
Eunkis Fochua The Preparatony Commission for the Comprebenshve Nuclear-Test-Ban Treaty Qrganization {CTETO)
Schioentaker fiobin The Praparatory Commission for the Comprehensie Muclear-Test-Ban Treaty Crganization [CTETO}
Shashkin Aleksandr The Preparatony Commission for the Comprehenshve Nudear-Test-Ban Treaty Onganbiation ([CTETO)
Hezlat GulllFunmse The Pregaratony Comdnission for the Comprehensne Nuclear-Test-Ban Treaty Qrganization (CTETO)
Liu Boxue The Preparatony Commission for the Cormpreh e Muckar-Test-Ban Treaty Organizathon (CTETO)
Tipkz Anne The Preparatory Commission for the Comprebensive Nuclkear-Test-Ban Treaty Qrganization |CTETO)
Ealinowski Maxrtin The Preparatory Commission for the Comprehensive Nuclkear-Test-Ban Treaty Crganization [CTETO)
!Jchannsen Claus The Preparatorny Commission for the Camprehensive Nuclear-Test-Ban Treaty Ovganization |CTETO)
|Bnttﬂﬂ Richard The Preparatoiy Camnission for the Comprehensive Nuclear-Test-Ban Treaty Organization (CTETO)
Iniedmann Robin The Preparatory Commission for the Comprehensive Nuclear-Test-Ban Treaty Organization {CTETO)
|l:ljam.a Yuschi The Pregaratory Comimission for the Comprebensive Nuclear-Test-Ban Treaty Organization {CTETO)
Boltsova Tatiana The Pregaratory Comimission for the Comprehensive Nuclear-Test-Ban Treaty Organization {CTETO]
Hudsan Clayton The University of Texas at fustin

Garrido Daniela Universidad de Chile

Salgado laviera Universidad de Chile

Ardnguiz Fernanda Universidad de Concepeidn

Truas Kelly Wnhversity of Hawadl at Manoa, SOEST, Departmant of Easth Sciences - PANL as of Moy, Gth

O Danngll Gragary Us Air Force

Aoberts Jahin U5 Nanional Data Center

KOCvara S1anislav VF, &5,

Zaey Paul Wienna University of Technology

Carranza Eduardo Carlos
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