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As CNEC rounds the corner toward the last few 

months of our original five-year performance 

period, we continue to make progress on our 

projects. Earlier this year, CNEC hosted its 

annual workshop and Advisory Board (AB) 

Meeting from February 6th to 7th, which was 

attended by nearly 100 participants including 

CNEC researchers and lab partners, NNSA 

representatives, and other guests. During the 

workshop, CNEC members, mostly students, 

presented their work, covering topics from 

pyroprocessing modeling and radiation source 

localization to bimodal deep structure learning 

and low-energy gamma ray response. One 

more time, the presenters showcased their 

research consortium-wide, fielded questions 

from colleagues and experts in the audience, 

and received feedback from the AB.

CNEC continues to show its commitment to 

nuclear nonproliferation through engagement in 

outreach activities, fruitful collaborations, and 

ongoing research. Outreach activities include 

participation in a science and technology event 

that exposed hundreds of students to nuclear 

science concepts. Areas of particular interest 

for collaborations have burgeoned between 

university partners on fusing Bayesian 

Inference and Monte Carlo N-Particle for 

surrogate modelling. We have also begun to 

see a bit of cross-thrust area collaboration 

between Simulation Analysis and Modelling 

with Data Fusion and Analytic Techniques as 

well as Signatures 

and Observables. 

In addition, CNEC’s 

members continue  

to be recognized via 

honors and awards  

for their research 

and contributions—

some are included in 

the body of this newsletter. 

CNEC is preparing for a strong summer session 

with researchers participating in a number 

of activities in the field of nonproliferation. 

Several CNEC students will go to national 

laboratories for internships and CNEC will 

participate in the annual University Program 

Review this coming June. Following UPR, 

CNEC members will also participate in the 

final round of DAF experiments where, for the 

fifth year, students will have the opportunity 

to get first-hand experience with category one 

special nuclear material. While our university 

students will be conducting their research 

either on campus or away at internships, CNEC 

is also preparing for another summer of youth 

programming where we expose high school 

students to concepts of nonproliferation via 

the Young Investigators program. 

All-in-all, CNEC looks forward to another 

successful summer and having interesting 

activities to report for our next newsletter.

https://www.cnec.ncsu.edu/
https://www.cnec.ncsu.edu/
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CNEC Workshop February 6-7, 2019 
Dr. John Mattingly, North Carolina State University

This year’s CNEC Workshop 

had record attendance, 

with nearly 100 registered 

participants including 

students, post-docs, and 

faculty from all of our 

partner universities and 

representatives of our partner laboratories.  

The workshop was also attended by several 

former CNEC students and post-docs, 

members of the CNEC Advisory Board, and 

NNSA program management. The meeting was 

conducted on NC State’s Centennial Campus in 

the James B. Hunt Library February 6-7, 2019.

NNSA Program Manager Drs. Victoria  
Franques (center) and John Mattingly (right)

After brief opening presentations by the NC State  

Associate Dean of Engineering, the NNSA 

Program Manager, and the CNEC Chief Scientist,  

the first day of the workshop featured 16 student  

presentations covering CNEC’s 4 research thrust  

areas and 2 presentations on CNEC’s education 

and research in nonproliferation policy. 

CNEC Students at the Poster Session

At the conclusion of the first day, CNEC students 

presented 30 posters on their work in the 4 

research thrust areas and nonproliferation 

policy. Discussions continued over dinner at  

the Raleigh City Club that evening.

Thrust Area Leads Drs. Katy Huff (left) and 
Alyson Wilson (right)

The second day of the workshop opened with 4 

invited presentations by former CNEC students 

and post-docs, who shared their perspectives 

on how their work with CNEC enabled them to 

launch successful careers at each of our partner 

laboratories. Subsequently, the leaders of the 

4 research thrust areas summarized the major 

five-year outcomes of each thrust area, followed 

by a panel discussion on opportunities to 

continue future research in each thrust area.

Left to Right: Drs. Deborah Fagan (PNNL), Dave 
Williams (ORNL), Stephan Friedrich (LLNL),  
Jeff Favorite (LANL)

Finally, the representatives of our 4 partner 

laboratories presented their perspectives on 

past and ongoing research collaborations with 

the CNEC universities and their outlook for 

future opportunities to work together. At the 

conclusion of the second day, our laboratory 

representatives held a long question and 

answer session with the CNEC students, 

principally discussing opportunities for future 

employment, different career paths at the 

laboratories, and what in general students  

could expect as laboratory scientists.

https://www.cnec.ncsu.edu/


4 CNEC Newsletter  |  Issue 8  |  June 2019

CNEC Thrust Area Highlights 
Data Fusion and Analytic Techniques (DFAT)
Dr. Alyson Wilson, North Carolina State University

In a joint project between DFAT and SAM, Drew Hollis, a PhD student in Statistics at North Carolina 

State University, is developing methods to rapidly determine where to deploy sensors in an urban  

environment to locate a source. After making a set of initial readings, he is using adaptive Latin 

Hypercube Sampling (LHS) to optimally determine the next set of detector locations. The red and  

yellow areas in the figure indicate high-probability locations for the source after initial measurements. 

The adaptive LHS automatically places detectors in likely locations instead of distributing them 

uniformly. This work is being done in collaboration with Dr. Ralph Smith and Dr. Alyson Wilson.

Drew is also participating in the Project on Nuclear Issues (PONI) through the Center for Strategic 

and International Studies. PONI’s program provides opportunities for emerging experts to learn 

about policy, technical, and operational aspects of the nuclear enterprise.

Zhen Li, a PhD student in Statistics at NC State advised by Dr. Eric Laber, is working on  

reinforcement learning pursuit-evasion problems, where a group of agents known as pursuers 

coordinate their search of a spatial domain to locate an agent trying to evade them. Learning to 

optimally coordinate pursuer behaviors to minimize time to capture of the evader is challenging 

because of the large number of choices and sparse noisy state information. Zhen has derived the 

first posterior convergence rates for an optimal decision strategy using Thompson Sampling for  

both the Markov decision process and partially observable Markov decision process. These results 

provide new insights and performance guarantees into an algorithm that is nearly 100 years old  

and have informed the creation of a new algorithm, epsilon-Thompson Sampling.

The Data Fusion and Analytic Techniques (DFAT) thrust area focuses on the 

development of methods that fuse data from multiple sources to provide  

a more complete picture of proliferation events and networks. We have  

four investigators: Alyson Wilson, Thrust Lead, Department of Statistics, 

NC State, whose interest is in combining multiple sources of information to 

make inferences and quantify uncertainty; Hamid Krim, Department of Electrical 

and Computer Engineering, NC State, whose interests are in principled 

frameworks for multi-modality data fusion; Eric Laber, Department of Statistics, 

NC State, whose interest is in data-driven decision making; and Raju Vatsavai, 

Department of Computer Science, NC State, whose interest is in image and 

geospatial analytics.
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Simulation, Analysis, and Modeling (SAM)
Dr. Ralph Smith, North Carolina State University

In addition to SAM research focused on the challenge problem of isolating 

a radiation point source in an urban environment, there have been several 

parallel research investigations in this thrust area. In this issue, we highlight 

research performed by NC State Mathematics PhD student Eva Brayfindley, 

which was initiated during her CNEC summer internship at Pacific Northwest 

National Laboratory (PNNL) working under the mentorship of Dr. Robert 

Brigantic. This research broadly focuses on defect detection in spent fuel in  

wet storage, which initially was part of a PNNL response to an International Atomic Energy 

Agency (IAEA) Challenge problem.

Another of Dr. Laber’s students, Conor Artman, will be working at PNNL with Robert 

Brigantic on multi-agent modeling and decision making. 

Dr. Hamid Krim and his students in the Vision Information and Statistical Signal 

Theories and Applications (VISSTA) laboratory are developing techniques that can 

detect anomalous activities using multiple modalities. Detection of clandestine 

nuclear activities often requires inference through indirect methods, such as 

detecting the construction of specific buildings, transport vehicular movement, or 

construction of roads near test facilities. Since access to ground-based surveillance 

is practically impossible, one needs to detect these activities through remote sensing 

techniques such as satellite imagery. Image-processing-based change detection 

techniques are sensitive to the resolution of images, acquisition inconsistencies, 

seasonal changes, etc. The VISSTA lab has developed a novel deep-learning-based 

super-resolution technique that learns high resolution features from a few high-

resolution training examples and uses these features to generate super-resolved 

images. They are currently working on improving super-resolution results by 

capturing the differences between the super-resolved images and the high-resolution 

images to generate sharper textures. The team is also developing a robust clustering 

of data from passive, incompatible sensing modalities such as seismometers, 

magnetometers, tweets, remote-sensing images, etc. Currently, the technique is 

being employed for fusion of magnetic and audio measurements obtained over 

different vehicles with the goal of classifying them as sedans, trucks, hatchbacks, etc.

Dr. Krim’s student Sally Ghanem will spend her summer internship at ORNL.

Dr. Raju Vatsavai’s group includes two PhD students in computer science who are 

developing deep learning algorithms to discriminate complex objects in very high-

resolution satellite images. Initial research with well-known deep learning 

architectures, such as VGGNet, Resnet50, and Densenet201, discriminate between 

nuclear, thermal, gas plants, and airports with 84-86% accuracy. Their current 

research is focused on improving deep learning methods by modeling invariance and 

incorporating additional image features. A paper on these methods, “Evaluation of 

Deep Learning Architectures for Complex Facility Recognition” has been accepted  

at the IEEE International Geoscience and Remote Sensing Symposium.

https://www.cnec.ncsu.edu/
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Digital Cerenkov Viewing Devices (DCVDs), or their moving picture 

counterparts, Improved Cerenkov Viewing Devices, are often used as defect 

detection methods in spent fuel monitoring. Both detectors have been 

approved by the IAEA as gross 

defect detectors, as they are able  

to identify when an entire assembly 

is missing or substituted with 

a non-fuel item. However, their 

capability to detect partial defects 

is more limited. Gamma emission 

tomographers (GET) are a more 

recent and more accurate detector  

in the spent fuel monitoring 

regime, but are expensive and  

have limited accuracy for larger 

fuel assemblies and varying 

burnup and cooling time scenarios. 

In addition, GET requires multiple 

passes at multiple heights along  

an assembly for best performance.

Eva Brayfindley’s research has focused on the development and implementation 

of algorithms to fuse DCVD and GET data to augment defect detection 

capabilities without prohibitively raising detector costs. She used simulated 

data provided by PNNL to obtain 11 examples of defects in representative 

locations in fuel assemblies and implemented binary defect/non-defect 

classification algorithms to quantify the probability of identifying defects.  

By employing fused Bayesian Neighborhood Component Analysis (BNCA), 

she has significantly improved the probability of identifying defects while 

decreasing false positive rates. The capabilities of the data fusion algorithm  

are illustrated in the figure, where the probabilities of detecting a defect, 

non-defect and guide tube are plotted for the 289 rods in a 17 x 17 PWR fuel 

assembly. This demonstrates that the algorithm can accurately quantify  

defects and differentiate between non-defects and guide tubes. This research  

is being performed in collaboration with Dr. Ralph Smith and Dr. Robert 

Brigantic and Eva is now employed as a staff member at PNNL.

In other SAM highlights, Isaac Michaud from NC State Statistics defended 

his dissertation “Simulation-Based Bayesian Experimental Design Using 

Mutual Information,” on January 14, 2019 and is now employed as a Staff 

Scientist at Las Alamos National Laboratory. Jason Hite, NC State Nuclear 

Engineering, defended his dissertation “Bayesian Parameter Estimation 

for the Localization of a Radioactive Source in a Heterogeneous Urban 

Environment” on March 29, 2019 and has a position at Oak Ridge  

National Laboratory.

Simulation, Analysis, and Modeling (SAM) Continued from page 5.
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Replacement of Dangerous Radiological 
Sources (RDRS)
Dr. Walter McNeil, Kansas State University

RDRS hosted a Schubert review this March with 12 

individuals traveling to contribute. Positive feedback  

was provided with the most positive highlights including 

the quality of the student presentations and a significant 

amount of national laboratory interactions/interest in  

the team’s activities.

KSU hosted 3 seminars to graduate students and faculty 

this quarter. One was presented by the president of the Health Physics 

Society, Nolan Hertel on the topic of neutron dosimetry techniques and 

instruments. The second was presented by Jason Burke (shown right) 

on the topic of the world’s first nuclear clock. This had a major focus on 

isotopic separation and isomer trapping of daughters of the decay of 

special nuclear materials. The third seminar was from an industrial partner, 

Mike Newton, on the topic of additive manufacturing of electronic circuity, 

which KSU is leveraging to make smaller and higher performance signal 

processing circuitry for mobile radioisotope identifier instruments, thus 

improving their portability and utility in field measurements.

Aaron Hellinger (shown right) is at Lawrence Livermore National 

Laboratory (LLNL) completing his PhD studies working with Jason Burke 

and just completed the construction of an isomer trap and turned it on for 

the first time. Now he is tuning quadrupoles to optimize trapping efficiency. 

He has recently tested the voltage of all of their numerous quadrupoles  

and have loaded U-233 as a source in the assembly. 

Nathan Hines relocated this quarter to Lawrence Livermore National 

Laboratory to complete is PhD studies working with Morgan Burks on the 

development of low-power, compact HPGe radioisotope identification 

systems both for deployment in space as well as for terrestrial interrogation 

applications. A number of systems are currently being assembled and 

tested to support the space mission to 16-Psych; an asteroid believed to 

be a planetary core. He is working with another HPGe system based on the 

same low-power, compact design, but incorporating a large 160% efficient 

crystal which will exhibit increased detection efficiency for multi-MeV 

gamm-rays, such as those in active interrogation applications.

Focus in this quarter in RDRS has been on data analysis and validation. At 

NC State Aaron Feinberg has been working on novel methods to provide 

energy calibration of raw gamma-ray spectral data that is collected from oil-

well logging tools such as the one at the KSU benchmarking facility. Also, 

Vincent Dinova has been working with spectral template data for integration 

in the Monte Carlo Library Least-Squares technique for unfolding the 

constituents in the geologic formations surrounding the bore-hole tool. 

Vincent Dinova is continuing work with Elastic Net and the Least Absolute 

Aaron Hellinger Aaron Hellinger 

Nathan Hines

https://www.cnec.ncsu.edu/
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Replacement of Dangerous Radiological Sources (RDRS) 
Continued from page 7.

Selection and Shrinkage Operator (LASSO) to encourage a “grouping 

effect” and stabilize a regularization path in the process of fitting with 

libraries of water, Sodium, and Chlorine which align with the first measured 

data collected at KSU including tap water and salt water. This is in addition 

to previous work Vincent has done to incorporate activation within the NaI 

sensors that contribute to a beta continuum in the sensor response.

Aaron Feinberg has recently been working on transforming MCNP spectra 

into detector response functions and is leveraging Bayesian methods, 

Markov Chain Monte Carlo, to process simulation data. It is viable since the 

oil-well application has less than 20 variables and will handle gain shifts, 

broadening, and non-linearity in sensor response.

At KSU Long Vo has been processing time-dependent data collected at the 

KSU benchmarking facility for the purpose of determining hydrogen content 

in the geological formation around the simulated bore-hole. Traditionally 

this is done with neutron detector response ratios. However, Long has 

shown that signatures in the gamma-ray spectral response can be used in  

a similar manner. Namely, the 2.2 MeV hydrogen prompt gamma-ray line 

can be treated as a region of interest and the time-decay of its respons 

e (die-away) can be extracted during the off cycles of the pulsed D-T 

generator output, figure 1. Long has extracted a relationship between 

the die-away time constant and the water content in the bulk media 

experiments. This is just one signature of many that can be leveraged 

to determine the complete composition of the geological formation. We 

observe variable rise-times and peak intensity with different bulk material 

surroundings and believe that machine learning methods have great 

potential in solving the inverse problem of what is in the bulk media.

Maria Pinilla has been improving 

the agreement between MCNP 

simulation and benchmarking 

data through comparison to 

selected time slices of the  

time-dependent sensor  

response to the pulsed D-T 

generator output. Namely, a 

significant discrepancy in a  

Figure 1. Hydrogen 
peak from spectrum 
(left) is evaluated 
(center) and then  
its time-response  
is extracted (right)
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500 keV peak in the gamma-ray spectrum has been improved by focusing in 

more on short time-relevant signatures such as prompt-gamma and inelastic 

scatter reactions, and likewise focusing less on delayed signatures such as 

thermal neutron reactions and activation isotopes.

Sanchit Sharma has been helping the group with time-dependent simulation 

efforts. This includes adding activation processes into the simulations and 

also pulsed-neutron source simulation and is not an easy process in MCNP. 

In parallel Sanchit and Diego Laramore are expanding simulation efforts with 

Geant4. They have recently modeled a novel “multi-particle” imaging chip 

consisting of a Micro-Structured Semiconductor Neutron Detector (MSND) 

bump-bonded to a TimePix CMOS read-out. These Geant4 simulations are 

imported into Allpix2 to define ionization clouds which are transported within 

the semiconductor device to determine signal formation characteristics and 

the formation of “clusters” of the shape of the charge cloud that are produced 

by the high spatial resolution read-out. COMSOL is also utilized to solve for 

the fields and depletion within the complex 3-dimensional micro-structured 

geometry of the MSND diode device. A circular beam incident on the chip has 

been simulated and shown in figure 2.

KSU is kicking-off an effort to 3-D print signal processing 

circuitry for radiation detection systems. A PDRD with the 

Kansas City Nuclear Security Campus (KC Plant) will begin 

fabricating fundamental circuit articles to test material 

performance properties that influence the analog circuit 

design parameters for charge sensitive amplifiers, shapers, 

and threshold functions. Furthermore another effort will 

include the first build of an HVPS for scintillator detectors 

using 3D layout techniques. The figure at the left shows passive components 

of a Cockroft-Walton voltage ladder arranged around PMT dynode pins.

KSU graduate students, Nathan Hines and Keith Huddleston traveled to 

BNL for a second time to participate in high quantum-efficiency KCsSb 

photocathode growth while interrogated by the X-ray beam of the SLS facility 

for in-situ diffraction and reflectometry study during growth. Construction of 

Figure 2. Geant4 
geometry (left) and 
particle detection 
simulation results 
(right)

https://www.cnec.ncsu.edu/
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Replacement of Dangerous Radiological 
Sources (RDRS) 
Continued from page 9.

a photo-cathode fabrication system (right) has 

begun at KSU which promises to create a new, 

low-profile form-factor of PMT to support large 

area rectangular scintillator crystals.

Nathanael Simerl and Mike Pfeifer have 

temporarily installed a commercial X-ray 

spectrometer into an electronics inspection 

system on the production floor at NSC for the 

purpose of capturing emission intensity and 

energy from an X-ray generator so that integral 

dose to specific circuit board components can be determined during the 

X-ray inspection process. This is achieved by importing cad renditions of 

PCB geometry and source properties from measurements into Monte-Carlo 

transport simulations to provide a complete dose map and dose record of 

each electronic component.

Nathanael Simerl is executing UAV flight 

operations that enable the transport 

of a dosimetric sensor payload at the 

very low altitude necessary to meet the 

requirements for hand-held personnel 

dose-rate surveys. He has retrofitted a 

downward-looking Lidar range finder into 

the flight control of a U.S. manufactured 

UAV and has upgraded optical cameras to efficiently capture 3-D 

photogrammetry of a scene and to use aerial imagery to flight-plan  

around structures and obstacles. This work is in preparation to support 

dirty-bomb test operations at Idaho National Lab. 

KSU’s automated UAV survey methodology includes near-to-ground UAV 

flight operations to place dosimetric sensors in the place of the human 

and to follow established standards in survey regulations. This alleviates 

the need for any geometrical corrections that come from trying to predict 

dose-rate at a distance away from the sensor. Unfortunately, this comes 

with the challenge of navigating the UAV around obstacles in the scene 

as a human would do. For that reason, the majority of Nathanael’s work 

has been in capturing imagery of the scene and loading the imagery into 

flight planning software such that automated flight plans can be executed 

around obstacles. In addition he has equipped UAVs with downward-

looking lidar ranging sensors to enable automated terrain following at 

only a few feet above the ground.
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Below is an example of 3-D photogrammetry for capturing obstructions in 

the scene which can be explored in a virtual environment. Work was done 

to minimize the number of image captures and capture angles to reproduce 

dimensionally relevant structures. Importing of aerial imagery from the  

UAV overflight allows flight plans to be defined around objects in the scene. Figure 3. (left) 
Reconstruction of 
obstacle with 3D 
photogrammetry 
from a zig-zag 
overflight. (right)  
2D geotagged  
aerial imagery 
loaded in flight 
planning software 
for maneuvering  
around obstacles

Policy Research and Education
Drs. Bill Boettcher and Robert Reardon, North Carolina State University

On March 22 and 23, CNEC co-sponsored a simulation with the Triangle 

Institute for Security Studies (TISS) titled “War on the Korean Peninsula.” 

This two-day event was held at NC State’s James B. Hunt Jr. Library 

and made use of the state-of-the-art Teaching and Visualization Lab 

(TVL) and Creativity Studio. (The TVL is a black-box room that offers 

270-degree immersive projection on three walls/five screens for a  

total of 94 linear feet of high-definition display surface. The Creativity 

Studio is a high-technology white-box room that features high-

definition projectors and moveable walls with dry-erase whiteboard 

surfaces.) Thirty students, faculty, and alumni participated in the 

simulation, from the Department of Nuclear Engineering and the  

School of Public and International Affairs (SPIA). The simulation was 

originally scheduled for September 14 and 15, but Hurricane Florence 

forced the closure of NC State and the Hunt library.

The scenario for this event was set in 2025. A background briefing 

noted that North Korea’s nuclear weapon and missile programs had 

progressed slowly, but significantly over recent years, and after 

decades of simmering tensions the Korean Peninsula finally erupted  

into war. Beginning at the outbreak of the war, the simulation gamed  

out the conflict, as the United States and its regional allies attempted 

to stop the North Korean attack and defeat North Korean military 

forces, while deterring Pyongyang from using its nuclear weapons. 

The structure of the simulation was set at the top decision-making 

level of the Combined Forces Command (CFC) in South Korea, a joint 

https://www.cnec.ncsu.edu/
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Continued from page 11.

U.S.-ROK military command under a U.S. general commanding the 

theater’s air, sea, and ground forces. The CFC had wartime command

of all theater forces, both those currently deployed and any additional 

forces deployed to the region during the conflict. In the simulation, 

CFC participants were briefed by U.S. leaders (Reardon and Boettcher) 

representing the National Command Authority (NCA) in Washington.

In each round of play, participants were apprised of new developments, 

and were given guidance in the form of ranked strategic and 

operational objectives.

The educational objective of the simulation 

was to immerse participants in a high-stakes 

information-gathering and decision-making 

task that modeled the complex escalatory 

uncertainty inherent in a “limited” conflict  

with an adversary that possesses nuclear 

weapons. Many of the student participants  

had taken CNEC classes with Reardon  

and/or Boettcher and several were registered  

for the graduate certificate in Nuclear Nonproliferation Science & 

Policy. Caution ruled the first day of the event as the teams gathered 

information and moved air, sea, and ground forces into place to prepare 

for various contingencies. Day two produced the anticipated escalatory 

dilemmas, as the teams considered more forceful actions despite 

uncertainty regarding the quantity and disposition of the DPRK’s 

nuclear forces. The simulation ended, as most do, with time  

running out and the situation unresolved.

Dr. Robert Reardon and his CNEC-sponsored graduate student, Brandon 

Cortino, developed the simulation materials and led each day’s 

briefings. Dr. William Boettcher 

and his graduate students, 

Samantha Schultz and Katelyn 

Houston, supported simulation 

development and joined the 

“control team” that provided 

information and “injects” to 

the student teams. Special 

technical support for the use 

of the TVL was provided by 

Mara Mathews, a Hunt Library 

Specialist. TISS provided 

support for facility rental fees,  

a day one dinner, and breakfast 

and lunch on day two.

Attendees at the Simulation Workshop 
with Bill Boettcher (left front row) and 
Robert Reardon (right front row)
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NPRE’s nonproliferation areas of strength include the nuclear fuel cycle, 

radiation protection, radiation detection, machine learning, and nuclear 

arms control policy.

The courses both for undergraduate and graduate students, which 

focus on these topics, are:

NPRE 241: Intro to Radiation Protection

NPRE 412: Nuclear Power Economics & Fuel Management 

NPRE 435: Radiological Imaging  

NPRE 441: Radiation Protection

NPRE 444: Nuclear Analytical Methods Lab 

NPRE 446/447: Radiation Interact w/Matter I & 2

NPRE 451: NPRE Laboratory

NPRE 480: Energy and Security 

NPRE 481: Writing on Technol & Security

NPRE 483: Seminar on Security

Additional courses fundamental to nuclear power engineering, plasma 

engineering, radiological engineering, risk assessment, and nuclear 

materials are also offered. These include advanced courses in Reactor 

Theory, Reactor Kinetics, Plasma Material Interactions, Probabilistic  

Risk Assessment, and Nuclear Materials among other topics. 

Research and Facilities - In research, Illinois faculty and students are 

developing technologies to enable radiation sensor networks including 

visualization in virtual environments, machine learning algorithms for 

single source detection, radiation hard quartz-based detectors for high 

energy photons, and fuel cycle facility safeguardability. Current activities 

within CNEC at Illinois are led by Professors Rizwan Uddin, Shiva 

Abbaszadeh, and Kathryn Huff. These activities emphasize visualization  

of sensor data with augmented and virtual reality, collection and 

analysis of data via networked and mobile detectors, and identification  

of signatures and observables in the nuclear fuel cycle.

CNEC University Featured Program 
Dr. Katy Huff, University of Illinois Urbana-Champaign

Department and Courses - The Nuclear, Plasma, and Radiological 

Engineering (NPRE) department at the University of Illinois at Urbana-

Champaign (Illinois) consists of 15 tenure stream faculty with an additional 

7 affiliate faculty, 14 adjunct faculty, 1 research professor, and 4 emeritus 

faculty. Our two most recent faculty hires, Angela DiFulvio and Shiva 

Abbaszadeh, together represent world class expertise radiological 

imaging, radiation protection, detector development, and algorithms for 

nonproliferation applications.

Dr. Shiva Abbaszadeh 
leads the Radiological
Instrumentation 
Laboratory (RIL)

https://www.cnec.ncsu.edu/
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NPRE facilities relevant to non-

proliferation activities are active and  

growing. In addition to our current 

activities, NPRE will gain instructional 

laboratory facilities for radiation 

measurements and nuclear materials 

with an expansion of Talbot Laboratory.  

Existing facilities include myriad 

radiological and material characterization 

instruments within the department 

and across campus as well as three 

laboratories in Radiological Engineering 

and two in computational nuclear 

engineering. Highlights include the Radiological Instrumentation  

Laboratory (RIL) led by Professor Abbaszadeh, which conducts research 

related to nuclear imaging, x-ray imaging, medical imaging, optical and 

UV detector development, and mobile sensor networks for background 

radiation modeling. Professor DiFulvio leads the Nuclear Measurements 

and Neutron Metrology Laboratory which focuses  

on Nuclear Security, Radiation Therapy, and Neutron 

Detectors. Once construction is completed, the 

Neutron Metrology Laboratory will provide a neutron  

experimental facility for students and researchers in  

NPRE and elsewhere. The lab is equipped with a Cf-252  

source and a D-T neutron generator with an emission 

rate of ~1E7 and ~1E8 neutrons/s, respectively. The 

neutron flux density will be well-characterized in 

energy and intensity employing various instruments, 

including multisphere spectrometers, ionization 

chambers, long counters, and scintillators, calibrated 

to primary reference standards.

A detailed summary of the faculty and research facilities in  

NPRE can be found at http://npre.illinois.edu/sites/default/files 

Faculty%26Facilities7.5x11_8-1-18_hyperlinks.pdf

The Virtual Education and Research 

Laboratory (VERL) led by Professor 

Uddin won 3rd place among “most 

engaging exhibits” in the 2019 

University of Illinois Engineering 

Open House. Visitors at VERL in 

NPRE enjoy using the Oculus Rift, 

a headset that simulates visual 

contexts present in the real world.

CNEC University Featured Program
Continued from page 13.

Assistant Professor Kathryn Huff (center) discusses  
modeling and simulation of reactor systems and their  
fuel cycles with NPRE graduate students, Jin Whan  
Bae and Gwendolyn Chee (photo credit: Susan Mumm).

NPRE will gain instructional laboratory  
facilities for radiation measurements and  
nuclear materials with an expansion of  
Talbot Laboratory. https://npre.illinois.edu/
news/we-are-growing-and-so-our-space

(photo credit: Susan Mumm)

http://npre.illinois.edu/sites/default/files/Faculty%26Facilities7.5x11_8-1-18_hyperlinks.pdf
http://npre.illinois.edu/sites/default/files/Faculty%26Facilities7.5x11_8-1-18_hyperlinks.pdf
https://npre.illinois.edu/news/we-are-growing-and-so-our-space
https://npre.illinois.edu/news/we-are-growing-and-so-our-space
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Oak Ridge National Laboratory (ORNL)
Dr. David Williams

Dave Williams participated in the 2019 CNEC Workshop and Advisory 

Board Meeting on Feb.6-7 2019. “CNEC Research Collaborations and 

Future Opportunities at Oak Ridge National Laboratory” was presented at 

this meeting. At this workshop, Dr. Stylianos Chatzidakis (ORNL Weinberg 

fellow and staff member) also presented “CNEC Research Summary and 

Transition to Oak Ridge National Laboratory” to share his experience in 

transition from academia (as a CNEC participant) to a National Laboratory. 

Three CNEC graduate students (Sally Ghanem, Ryan O’Mara, and Jacob 

Inman) and one CVT graduate student (Harish Reddy Gadey) will intern at 

ORNL this summer. One CNEC PhD student (Jason Hite) is graduating and 

has accepted a post-doc in the ORNL Nuclear Security Modeling group and 

another CNEC graduate student (Major Peter Exline) is continuing his PhD  

research full-time at ORNL with Dr. Douglas Peplow of ORNL as his mentor.

Publications and Communications
February 7, 2019 CNEC Workshop Presentation “CNEC Research 

Collaborations and Future Opportunities at Oak Ridge National Laboratory”

February 7, 2019 CNEC Workshop Presentation “CNEC Research 

Summary and Transition to Oak Ridge National Laboratory” 

Dr. Robert Brigantic

During this reporting period, PNNL supported various CNEC activities 

including the CNEC workshop at NCSU in February, RDRS thrust area 

Schubert Review Meeting in April, and on-going CNEC monthly meetings.

Under the SAM thrust area, PNNL continued to engage with CNEC Fellow 

Eva Brayfindley and her advisor Professor Ralph Smith in regard to 

her dissertation work related to Automated Defect Detection in Spent 

Nuclear Fuel Using Combined Cerenkov Radiation and Gamma Emission 

Tomography Data. Eva has also accepted a fulltime position with PNNL 

and will begin in her new role on April 29th. 

PNNL also reports that PNNL’s Dr. Karl Pazdernik has been granted a 

joint faculty appointment with NCSU. Dr. Pazdernik received his PhD in 

Statistics from Iowa State University and was a CNEC postdoc at NSCU 

under Dr. Alyson Wilson in the DFAT thrust area. 

Lastly, PNNL is expecting the following CNEC associated students to 

serve as interns at PNNL this summer:

Ben Dutton (Mentor: Mark Greaves, Seattle)

Brandon Cortino (Mentor: Russ Goychayev, Richland) 

Conor Artman (Mentor: Robert Brigantic, Richland)

Pacific Northwest National Laboratory (PNNL)

Laboratory Highlights January-April 2019

https://www.cnec.ncsu.edu/
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Conferences
INMM Central Region Conference at 
Purdue University
Lydia Pola Lagari, Purdue University 

The Institute of Nuclear Materials Management (INMM), the INMM 

Central Region Chapter (CRC), Purdue University’s Center for Radiological 

and Nuclear Security (CRANS) and INMM Affiliated Technical Division 

Nonproliferation and Arms Control (NAC) hosted the first “Purdue 

Conference on Active Nonproliferation” on March 22-23. The “Active 

Nonproliferation” community shapes the global nonproliferation  

landscape; by implementing treaty verification regimes, combating  

nuclear terrorism, and supporting the overall nuclear security culture. 

Practitioners include policy makers, field personnel employing  

radiation detection technology and safeguards principles, and  

government agency members.

Students and faculty participated from University of Michigan, 

University of Tennessee Knoxville, University of Illinois Urbana-

Champaign, and Purdue University. Also, cadets and active duty officers 

presented their research from the U.S. Army, Naval and Air Force 

Academies. There was a strong U.S. National Laboratory presence; to 

include representatives from Pacific Northwest National Lab, Argonne 

National Lab, Oak Ridge National Lab, and Idaho National Lab, which 

presented significant ongoing research in the field of Nonproliferation. 

The agenda was composed 

of three main technical 

sessions: Radiation 

Measurements, Nuclear 

Security/Terrorism, and 

Nuclear Policy. The invited 

keynote speakers were  

Dr. Sara Kutchesfahani 

(author of Global Nuclear 

Order and Director of the 

N Square Washington DC 

Hub), whose talk was “ 

From Nuclear Rivalry to Nuclear Cooperation: An Imperfect but Important 

Nuclear History Lesson from the Southern Cone”, and Dr. Hector Santos-

Villalobos (Group Leader for Multi-Modal Analytics & Architectures at 

Oak Ridge National Laboratory) whose talk was “Identity Sciences: The 

Intersection between Computational Sensing and Intelligence”.

Erik Medhurst, CNEC 
student from UIUC, 
presented his work 
“Radiation Detection 
Visualized in Virtual 
Reality and Assisted  
by Augmented Reality”
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CNEC student from UIUC, 

Erik Medhurst, presented his 

work on radiation detection 

visualized in virtual reality 

and assisted by augmented 

reality. Also, work from the 

Consortium for Verification 

Technology (CVT) was 

presented: Christopher Meert 

talked about the “Initial Active 

Interrogation Experiments at 

the University of Michigan Linear Accelerator Laboratory”.

The Sponsors of the conference were ORTEC, CANBERRA, Oak Ridge 

National Laboratory, Purdue Davidson School of Chemical Engineering, 

Purdue Nuclear Engineering, the Defense Threat Reduction Agency NSERC, 

Central Intelligence Agency, Atlas Energy Systems LLC and the Defense 

Intelligence Agency.

Dr. Angela Di Fulvio, assistant professor 
at UIUC, presented her work “Bayesian 
Unmixing Algorithms for Identification of 
Gamma Sources Using Organic Scintillators”

Honors and Awards
Dr. John Mattingly, NCSU Nuclear Engineering, was named a 

University Faculty Scholar by the Chancellor in February 2019. 

“Dr. Mattingly’s recognition as a University Faculty Scholar at 

this stage of his academic career serves as a true testament 

of his invaluable contributions to this university.”  

– Dr. Ivanov, Department Head

Dr. Robert Hayes, NCSU Nuclear Engineering, has been elected  

to the Executive Committee of the Nuclear Nonproliferation Policy 

Division of the American Nuclear Society. His three-year term will  

begin at the conclusion of the Division’s Executive Committee  

meeting in Minneapolis, Minnesota, in June 2019.

CNEC Fellow Joseph Cope, is a 2019 IEEE Nuclear and Plasma 

Sciences (NPSS) Graduate 

Scholarship Award recipient.  

The award recognizes 

outstanding contributions to 

any of the fields making up  

Nuclear and Plasma Sciences, 

within the first ten (10) years  

of an individual’s career.

https://www.cnec.ncsu.edu/
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University News
New Technique Offers Rapid 
Assessment of Radiation Exposure 
Dr. Robert Hayes, North Carolina State University

Researchers from North Carolina State University have 

developed a new technique that allows them to assess 

radiation exposure in about an hour using an insulator 

material found in most modern electronics. The  

technique can be used to triage medical cases in  

the event of a radiological disaster.

 “If there is a large radiological event in a populated 

area, it would be difficult or impossible to treat everyone who could 

potentially have acute radiation syndrome,” says Robert Hayes, an 

associate professor of nuclear engineering at NC State and first author 

of a paper on the work. “You’d need to be able to figure out who was 

exposed to enough radiation to require treatment.” 

The approach relies on testing crystalline insulators found in everything 

from thumb drives to smartphones. Because the technique is high-

throughput, accurate and precise, it can adequately assess an individual’s 

exposure in about an hour, Hayes says. Prior methods can take weeks.

“Given that health providers have a one- to two-week window to start 

treating victims of acute radiation syndrome, the technique should be 

sufficient to identify which patients require the necessary care,” Hayes 

says. “It could not only identify individual cases of acute radiation 

syndrome, but also help authorities determine which geographic areas 

received the most radiation.

“But it’s not just about identifying those that require care,” Hayes says. 

“For example, our technique might have been useful in a place like 

Fukushima, for putting people’s minds at ease. It’s like having your own 

personal radiation detector.”

The technique requires the insulator to be removed from its electronic 

device and cleaned. The sample is then placed in a thermally stimulated 

luminescence reader, which collects spectra relating to the number of 

electrons found in the flaws inherent to the sample’s crystalline structure. 

That spectral data is then fed into a custom algorithm that calculates the 

sample’s radiation exposure.

“This technique requires specialized equipment and expertise, so it’s not 

something most locales would have on hand,” Hayes says. “But labs like 

mine could run the tests and provide the authorities with good data very 

quickly. In addition to NC State, I know there’s another lab with relevant 

expertise and infrastructure at Oklahoma State University, and one in 

https://www.cdc.gov/nceh/radiation/emergencies/arsphysicianfactsheet.htm?CDC_AA_refVal=https%3A%2F%2Femergency.cdc.gov%2Fradiation%2Farsphysicianfactsheet.asp
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Denmark, though there are likely others. Hopefully, this technique won’t 

be necessary for a long time, if ever. But we think it’s important to develop 

these tools before they are needed.”

The paper, “Retrospective dosimetry at the natural background level with 

commercial surface mount resistors,” is published in the journal Radiation 

Measurements. The paper was co-authored by Ryan O’Mara, a PhD 

student at NC State. The work was supported by the Nuclear Regulatory 

Commission (NRC) and NNSA through CNEC.

CNEC Graduate Fellow Observes the DOE/NNSA Cobalt Magnet 
Exercise at Cape Canaveral in Florida 

In February 2019, NC State PhD Candidate 

and CNEC Graduate Fellow Joseph Cope 

observed the DOE/NNSA Cobalt Magnet 

Exercise at Cape Canaveral in Florida.  

Federal responders were practicing to 

support the 2020 Mars launch which  

would include a radioisotope thermoelectric 

generator. The simulation is designed to 

exercise the Federal Radiological Monitoring 

and Assessment Center (FRMAC) in the 

aftermath of a radiological release event. Field collections of water samples, 

soil samples and radiation readings in the environment utilized some the 

procedures he observed by the response teams. He was afforded the 

opportunity to observe this training event in conjunction with his internship 

at the Remote Sensing Laboratory at Andrews Air Force Base in the 

summer of 2018. His summer research focused on a continuous air monitor 

which was in use for this full field exercise.

Joseph’s dissertation work is 

focused on air monitoring for 

radiological emergency response 

and is funded through DOE/

NNSA’s Consortium for 

Nonproliferation Enabling 

Capabilities (CNEC). His advisor, Dr. 

Robert Hayes, was a former member 

of the Radiological Assistance 

Program (RAP) which supports the 

FRMAC.

Soil Sampling Tools to obtain Field Measurements
For Radiological Assay in a Nuclear Accident

Joseph Cope Participating 
in Field Exercise

https://www.cnec.ncsu.edu/
https://www.nnss.gov/pages/programs/FRMAC/FRMAC.html
https://www.energy.gov/nnsa/nuclear-incident-response
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Research Paper Highlight 
Dynamic Source Localization Using 
Video and Radiation Data Modalities
Carl Britt, University of Tennessee, CNEC Fellow

The lost source problem is the act of detecting, then finding radiation 

sources in the environment. We focus our attention on the localization 

performance of backpack-sized, close-packed detector arrays such as the 

one being constructed at the University of Tennessee, as shown to the left 

of Figure 1. Current efforts involve making the system fully portable for 

data collection in the field. Collected datasets will be used for static and 

dynamic source localization benchmarks, as well as for showcasing the 

fusion of video tracking data from a monocular RGB camera for detecting 

and pursuing sources which move within the environment during a search 

scenario. Despite our attention to this particular platform, it is intended 

that the methods developed can be deployed on any radiation detector 

array system with a monocular RGB camera, such as the Mobile Urban 

Radiation Search (MURS) system.

Figure 1: (Left) First generation proof-of-concept backpack detector array 
being setup for angular response measurements. (Right) Measured angular 
response of the detector array with respective error bars. Polar coordinates 
denote source orientation in degrees. Radius denotes the measured count 
rates in counts per second, and the error in the measurements taken with  
a Cs-137 source is too small to be seen compared with the size of the  
data points.
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Preliminary results of localization performed on a Cesium-137  

(Cs-137) source are shown in Figure 2. Maximum Likelihood Expectation 

Maximization (MLEM) was applied to a dataset collected using a 6 

detector array collected by Daniel Archer group from ORNL. The dataset 

consists of a detector array moving past a static 50 microCi source at a 

3m Point of Closest Approach (PoCA) at a speed of 2.3 ft/s. The Signal 

to Noise Ratio (SNR) of each detector at the Point of Closest Approach 

ranged from 0.7 to 7.1, which indicates that this is a challenging dataset 

on which to localize, let alone detect using a basic k-Sigma approach. 

A two-dimensional Gaussian fit is applied to the MLEM result in order 

to showcase the algorithm’s confidence in the source location. Other 

localization approaches have been pursued, namely Markov Chain Monte 

Carlo (MCMC) and Maximum Likelihood Estimation (MLE), in order 

to explore each approach’s performance on the same measurement 

platform. Note that the localization performance of UT’s backpack  

detector array is expected to perform better as it was specifically  

designed with source localization as one of the main priorities.

Figure 2: (Left) MLEM result 
with angular response. The 
Gaussian fit’s sigma values 
are 8.7m x 20.9m in length. 
(Right) Measured count rates 
as the system traverses 
the search space. The GPS 
coordinates of the detector 
array, as well as these count 
rates, are the inputs to the 
localization algorithm.

https://www.cnec.ncsu.edu/
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Using video and radiation data to extend capability in pursuing moving 

sources is shown in Figure 3. To illustrate data fusion, the preliminary 

results consist of RGB video data from a monocular camera, as well as 

synthetic radiation data of a person carrying a 100 microCi Cs-137 source 

past a static detector array with a speed of 1.6 m/s and a PoCA of 5m. A 

directionality algorithm based on Maximum Likelihood Estimation yields 

second by second directional estimates which are then correlated with the 

results from both object detection and object tracking algorithms based 

on deep learning structures dubbed YOLOv3 and SiamFC, respectively. 

The results of all these algorithms results in probabilities assigned to  

each person on whether or not they carrying the source. This work is in  

its infancy, but we hope to showcase results with a moving detector array 

and moving source with measured data later this year.

Figure 3: Screenshots from a video demonstrating video and radiation 
data fusion. Boxes denote objects which have been autonomously 
detected and are being tracked in the video. The red dot denotes the 
result from the directionality algorithm pointing towards a Cs-137 source 
with synthetic radiation data as its input. The labeled number denotes 
the probability of the particular object generating the current radiation 
signature. The left frame is from an earlier time step than the right frame. 
In the left figure, the person within the green box is assigned a probability 
of 1.0 due to results from the directionality algorithm in previous time 
steps. In the right figure, the same person is continuously tracked despite 
being occluded by other objects, and the assigned probability persists.

Dynamic Source Localization Using 
Video and Radiation Data Modalities
Continued from page 21.
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National Laboratory Experiences
CNEC has facilitated a number of laboratory experiences which have 

directly impacted my current progress in my PhD work. In 2016, I spent 

my summer in PNNL’s Detection Systems Group to learn about radiation 

detection (Nuisance-Rejecting Spectral Comparison Ratios for Anomaly 

Detection) and localization algorithms (Adaptively Recursive Bayesian 

Localization) from the designers themselves. In 2017, I spent my summer 

in LBNL’s Applied Nuclear Physics group to work on the Mobile Urban 

Radiological Search platform, where I did development on the simulation 

workflow to help characterize the localization performance to help optimize 

the design. This particular experience exposed me to MLEM used to 

characterize localization performance, as well as video and radiation 

data fusion used in tangential projects at LBNL. Finally, through ongoing 

interaction with the Government Reference Team of the Wearable Intelligent 

Nuclear Detection (WIND) project at ORNL while pursuing my PhD at the 

University of Tennessee, I have had the opportunity of getting access 

to preliminary measured and synthetic datasets for testing localization 

algorithms as our system was being built, as well as obtaining an in depth 

perspective on the WIND program’s data acquisition system architecture.  

In August 2018, a very critical experience was meeting other performers  

on the WIND project across several national labs and private industry, as 

well as talking with end users about their needs from the system itself. 

It was very enriching to not only see other designs being engineered to 

solve the same problem, but to get the end users’ feedback on each  

of those designs in how it would improve their day to day operation. All  

of these internship experiences have influenced the direction, quality, 

and scope of my PhD work. These experiences allowed me to become 

intimately familiar with the current state of the art of source localization 

approaches with their respective platforms, as well as informing me  

of the operational environment that the WIND backpack could  

possibly experience.

https://www.cnec.ncsu.edu/
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Upcoming Events
Event Date Location

NNSA’s Annual University 
Program Review

June 4-6, 2019
Marriott Crabtree Valley 
Raleigh, North Carolina

2019 American Nuclear 
Society Annual Meeting

June 9-13, 2019
Hyatt Regency 
Minneapolis, Minnesota

ANS Topical Meeting 
on Mathematics and 
Computations

August 25-29, 2019
Marriott Downtown 
Waterfront 
Portland, Oregon

1009 Capability Drive, Suite 210 srbuster@ncsu.edu 
North Carolina State University 919-513-2529
Raleigh, NC 27606 www.cnec.ncsu.edu
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