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Introduction and Motivation

• Objective: Use machine learning (ML) techniques to produce a robust 
nuclear forensics methodology capable of identifying a separated 
plutonium sample’s reactor-type of origin, fuel burnup, and time 
since irradiation (TSI), and hence the foreign nuclear fuel cycle

• Methodology should be able to accurately identify mixed or 
“spoofed” plutonium, which contains plutonium from a combination 
of reactor types, varying fuel burnups and TSI
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Mission Relevance

• Nuclear forensics techniques can identify Pu produced in foreign nuclear 
fuel cycles in addition to acting as a deterrent to nuclear smuggling

• Methodology can also be used to verify declared activities occurring at 
facilities under safeguard agreements

• NNSA Mission
Preventing nuclear weapons proliferation and reducing the threat of nuclear and 
radiological terrorism around the world are key U.S national security strategic 
objectives that require constant vigilance.

NNSA's Office of Defense Nuclear Nonproliferation works globally to prevent state and 
non-state actors from developing nuclear weapons or acquiring weapons-usable 
nuclear or radiological materials, equipment, technology, and expertise.
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Previous ML Methodology Capabilities
• Able to attribute pure Pu samples for 

5 reactor-types: PWR, PHWR, FBR, 
HFIR, MURR

• Burnup Range: 0-5 GWd/MTU

• TSI Range:0 to 5,000 days
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Technical Advancement to Identify Mixed Pu

• Addition of Mixed Pu classes occurs 
within the reactor-type classifier

• Challenge: Training data sampling 
approach needed to be reformulated

• Areas of Query:
• Optimal machine learning model for mixed 

reactor data

• Optimal training dataset size

• Mixture threshold
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Classifier Performance

• SVM w/ Quadratic kernel found to be optimal 
classifier for mixed dataset

• Accuracy: 97.3%

• Log Loss: 0.694 (Benchmark: 2.71)

• Mixing Limit: 15%

• Training set size: 3,000 (~200/class)
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Classifier Confusion Matrix 

• Compares what reactor-type the 
classifier has predicted vs. the true 
class that the classifier should have 
predicted

• Quantities are row-averaged
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Comparison of Receiver Operating Characteristic Curves 
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Expected Impact

• Aim of methodology development is to produce a tool that can be 
used by decision makers in Pu source identification 

• Improve the nuclear safeguard community’s ability to monitor fuel 
cycles via the verification of material declarations
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MTV Impact

• Collaborations with LLNL and SNL have been vital to project success

• Building connections with researchers at other universities through 
MTV events

• Skill development in ML techniques at an individual and 
organizational level
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Conclusion

• Efforts has been successful to incorporate mixed Pu classes in the 
machine learning based nuclear forensics methodology enabling the 
identification of spoofed Pu samples

• Some of the operational limits of the methodology have been found

• The most important tests in the future will be with validation data 
from irradiation experiments



12

Future Work

• Sensitivity Study of Classifier Features

• Find appropriate modelling for 
quantifying mixing characteristics

• Validation with experimental data

• Uncertainty quantification in the 
predictions
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