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Introduction and Motivation
• Nuclear weapon states outside of the NPT and facilities not under the 

IAEA safeguards
• Nuclear security (non-state actors) and safeguards (state actors) concerns of 

plutonium production in these states
• Pakistan: Khushab Plutonium Production Complex 

• 4 reactors 50MWth capacity
• India: Dhruva Reactor (100 MWth) and PHWRs

• Plans for building a 100 MWth reactor and 500 MWe FBR under construction with blankets
• Israel: Shimon Peres Nuclear Research Center NEGEV

• Plutonium production reactor (26 to 150 MWth) near Dimona
• North Korea: Yongbyon plutonium production reactor

• 5 MWe capacity resumed operation in 2013 after having been shutdown in 2007

• Motivation: Identify forensics signatures and proliferation identifiers
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Mission Relevance
• Develop an enhanced and innovative FNFC monitoring method
• Nuclear forensics signatures and proliferation identifiers of FNFC

• Modeling and experimental efforts of Pu and 233U production reactors and associated 
fuel cycle facilities

• Accurate methods for discriminating source of Pu and 233U (for nuclear security and 
safeguards applications)

“Experimental validation of a nuclear forensics methodology for source reactor-type discrimination of 
chemically separated plutonium” Osborn et. al, Nucl. Eng. & Tech. Vol 51 (2), pp 384-393, April 2019. 
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Technical Work Plan (Tasks)
• High-fidelity computational modeling of a set of 

FNFCs
• U and Th fueled reactors (research and power) with fuel 

reprocessing (aqueous and electrochemical)

• Experiments to point-validate the results from the 
modeling efforts.
• Low-fluence neutron irradiation of U and Th surrogates using 

neutron spectrum modifying capsules to produce milligram 
quantities of Pu and 233U

• Radiochemical separations and contaminant analyses using 
alpha, gamma and mass spectrometry

• A maximum likelihood data analytics method to 
discriminate source reactor-type of Pu and 233U
• Fuel burnup and time since irradiation predictions
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Technical Work Plan (Milestones)
• High-fidelity radiation transport model development 

of research and power reactor cores. (MCNP6/SCALE)
• Simulations; Experimental irradiation of U surrogates. 
• Experimental Irradiation of Th surrogates
• Analysis of irradiated U and Th surrogates to point 

validate the simulations.
• Signature data evaluations and generation of multiple 

datasets to test FNFC monitoring for the 
discrimination of Pu and 233U. 
• Validate specific facility models for incorporation into 

the Cyclus fuel cycle simulation framework.  
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Technical Work Plan 
(National Lab and University Collaborations)

• Ben Cipiti (SNL) amd Andrew Worall (ORNL) to support in 
generating data on complete elemental and isotopic flows 
through a FNFC; 
• Tina Nenoff (SNL) to support in the associated signature needs;

• Collaboration with Paul Wilson (University of Wisconsin) to 
inform and validate specific nuclear facility models for 
incorporation into Cyclus fuel cycle simulation framework.
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Expected Impact

• If successful, this project will 
enhance the US capability to 
monitor FNFCs
• Application in environmental and wide 

area environmental sample analyses 
(Safeguards monitoring)
• Application in nuclear security 

(Material out of regulatory control)

• A library for various combinations of 
FNFC facility operations that could 
produce Pu and 233U
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MTV Impact
• Two PhD students and one MS student
• Internships in SNL and ORNL and potential transitions as employees 
• Faculty time in SNL and ORNL
• Faculty and Student time at University of Wisconsin 
• (with a potential exchange to Texas A&M)

• Workshops:
• Reactor core physics simulation with MCNP6 for users with single user license
• Radiochemistry analytical techniques

• Technology transitions
• National lab collaborations and potential transition of the methodology
• Collaborated with DHS in the past on similar project 
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Conclusion

• This project will enhance US capability to monitor FNFC
• We will produce a library for various combinations of FNFC facility 

operations that could produce Pu and 233U. The data will be used to 
inform and validate specific facility models for incorporation into the 
Cyclus fuel cycle simulation framework
• Nuclear engineering students with nuclear reactor core and fuel cycle 

modeling, simulation and radiochemical expertise for potential 
transition to national laboratories
• Workshops: To enhance MTV students/researcher expertise
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