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PAST AND PRESENT PRODUCTION

The main objective of this project is to identify new technologies and approaches to monitor ongoing 
fuel-cycle activities (in particular, at gas centrifuge enrichment plants) and to develop a framework for 
reconstructing the history of fissile-material production programs (including a tool to evaluate the 
completeness of baseline declarations and to understand inherent uncertainties)

INTRODUCTION AND MOTIVATION

Source: Ole Ross (top) and W. Keith Luse, CISAC (bottom)

THE NEED FOR IMPROVED MONITORING TECHNIQUES AND APPROACHES

Historically, unsafeguarded fissile material production has been monitored using satellite imagery 
and wide-area environmental monitoring. Verified elimination of a nuclear weapons program may 
however require much more accurate methods to reconstruct past activities in order to enable 
comprehensive, verifiable, and irreversible disarmament



MISSION RELEVANCE

Source: IAEA (top) and Egan Jimenez (bottom)

Preventing nuclear weapons proliferation and reducing the threat of nuclear and radiological terrorism 
around the world are key U.S national security strategic objectives. The goal for this consortium is to 
support R&D that improves the “ability to effectively monitor (detect and verify) global fuel cycle 
activity in any type of environment”

NUCLEAR FUEL CYCLE PROCESS MODELING

Develop advanced simulation and modeling tools to understand fundamental limits in process 
knowledge and uncertainty in process operating parameters. Understanding the timelines and scale of 
proliferation threats relies on quantitative modeling and simulation of the material processing steps.”

Source: DE-FOA-0001875
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TECHNICAL WORK PLAN

1. REAL-TIME MONITORING

Our research will support the 
development a non-invasive UF6 
thermal mass flow monitor, which 
could play an important role for 
advanced safeguards in centrifuge 
enrichment plants; builds on active 
collaboration with LANL

Source: Urenco

2. AUTONOMOUS INSPECTION SYSTEMS 3. RECONSTRUCTING THE PAST

We will examine the potential role 
of mobile, directionally and 
spectrally sensitive neutron 
detectors (“inspector bots”) for 
safeguards and other monitoring 
applications; builds on active 
collaboration with PPPL

We will develop a framework for 
reconstructing fissile-material 
production histories that 
complements nuclear archaeology 
techniques by examining the role of 
operating records and simulation 
tools (including Cyclus)

Source: Peter Landgren (Princeton) Source: Rio Tinto



AUTONOMOUS MOBILE ROBOTS
FOR NUCLEAR SAFEGUARDS AND MONITORING APPLICATIONS

R. J. Goldston, A. Glaser, M. Kütt, P. Landgren, and N. E. Leonard, Autonomous Mobile Directionally and Spectrally Sensitive Neutron Detectors 
Symposium on International Safeguards: Building Future Safeguards Capabilities, International Atomic Energy Agency, November 5-8, 2018, Vienna, Austria

Total counts per second vs horizontal distance from a 90%-enriched 
HEUF6 sphere containing 2.5 kg 235U elevated 5 m above detector midplane



NUCLEAR ARCHAEOLOGY FRAMEWORK

Source: IAEA

Modern modeling tools and nuclear data

1. Development & analysis of “synthetic fuel-cycle histories”

2. “Deep dive” for concrete (well-defined) case studies

Synthetic nuclear program histories will permit an exploration of the 
scope for concealing nuclear materials, and the role the documentation of 
a program’s history could play in establishing confidence in the 
completeness of a state’s declaration

• Cyclus (WISC, fuelcycle.org) 
• OpenMC (MIT) + OpenBU (Princeton)
OpenBU is an open-source depletion code (for use with OpenMC) that has 
dedicated features for nuclear archaeology applications (including 
identification and tracking of trace isotopes for optimum fluence estimates)

BASED ON MODELING RESULTS, PHYSICAL SAMPLES, AND HISTORICAL RECORDS



North Korea’s Uranium Mine at Pyongsan   
Coordinates: 38.324, 126.437
Source: Google

Can one better understand North Korea’s 
historic uranium production with the help of 
samples taken at its uranium mine(s)?
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UNDERSTANDING THE NUCLEAR PAST WITH A “CRADLE-TO-GRAVE” APPROACH



EXPECTED IMPACT

SUPPORTING NEXT-GENERATION SAFEGUARDS ENABLING VERIFIED DENUCLEARIZATION

Source: IAEA Source: Rio Tinto

Thermal mass flow monitoring will provide accurate 
real-time measurements of UF6 flows to allow rapid 

detection of misuse of GCEPs 

Robotics project will provide optimized swarm 
detection and accounting of undeclared and declared 
masses of UF6, thru (α,n) reactions, and plutonium, 

thru spontaneous fission of Pu-240

The framework and tools developed as part of this 
project will provide a better understanding of the 

capabilities and limits of confirming the completeness of 
a state's baseline declaration

The case studies will highlight the potential role of new 
types of verification approaches and technologies




