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News from the Director
Stefani Buster, J.D.
CNEC has had a great first quarter for 2018.

the annual

We have put our personnel changes into full

Advisory Board

effect—in addition to Dr. John Mattingly taking

(AB) Meeting.

over the Chief Scientist position; Dr. Katy

Similar to last

Huff has assumed the lead in Signatures and

year’s event,

Observables; Dr. Ralph Smith now heads the lead

the workshop

in Simulation, Analysis, and Modeling; and Dr.

featured 22 oral, presentations by CNEC students

Walter McNeil is leading efforts in Replacement
of Dangerous Radiological Sources. CNEC’s
new as well and original researchers continue to
engage in research that helps CNEC achieve its
overall mission.

Dr. Yousry Azmy,
Director

Stefani Buster,
J.D., Assistant
Director

and researchers. The first day’s sessions were
followed by a poster session, where 27 posters
were displayed, and dinner at the City Club
Raleigh. The second day included additional
presentations, the AB meeting, and a new panel

During this quarter, CNEC engaged in several

event where students and lab representatives

projects and activities aimed at increasing our

interfaced directly to discuss work and life at the

imprint. We hosted CNEC Distinguished Lecture
Series speakers, Mr. Alain Lebrun from the
International Atomic Energy Agency and Dr.
Manoj Prasad from Lawrence Livermore National

national laboratories.
CNEC is looking forward to the upcoming quarter
and year when dozens of students will do internships

Laboratory. We have made significant strides on

with our national laboratory partners and many

the integration of our new website and hosted

of our members will participate in the 2018 DOE

a couple of key workshops and seminars. In

NNSA sponsored University Program Review as

addition, several CNEC students and professors

well as the Device Assembly Facility experiments.

have received honors and awards.

As we end the Spring 2018 Semester, CNEC thanks

In February 2018, we successfully hosted our

all of its researchers and supporters and wish all a

second annual CNEC Workshop along with

productive summer.

CNEC Thrust Area Highlights
Data Fusion and Analytic Techniques (DFAT)
Dr. Alyson Wilson
The Data Fusion and Analytic Techniques

realistic behaviors; this framework will be

(DFAT) Thrust Area has a new faculty

used to estimate adversary behaviors in the

member. Dr. Eric Laber (http://www.laber-

context of pursuit-evasion problems. Before

labs.com/) is an Associate Professor in

becoming a CNEC PI, Dr. Laber advised Nick

the Department of Statistics at North

Meyer, a CNEC Fellow who completed his

Carolina State University. Dr. Laber’s

Ph.D. last year.

group focuses on the development of

Dr. Hamid Krim manages the Vision,

practical, yet mathematically rigorous,

Information, and Statistical Signal Theories

methodology for data-driven decision
making. Major areas of research include
causal inference, optimization, and

and Applications Group (VISSTA, https://
research.ece.ncsu.edu/vissta/) in the
Department of Electrical and Computer

reinforcement learning – and the group

Engineering at North Carolina State

also has a small robotics laboratory

University. Dr. Krim’s CNEC research is

that is used to study cooperative and
competitive decision problems. For CNEC,
Dr. Laber and his Ph.D. student James
Gilman are focused on the development
and evaluation of environment-derived
classes of distributions for agent-behavior
in multi-agent decision problems. During

focused on the development of algorithms for
data fusion. Of recent interest has been the
improvement of the Wasserstein generalized
adversarial network as a fusion pre-processor
for super-resolving low-resolution remote
sensing data and natural images.

the past quarter we have been thinking

Congratulations to Jordan Bakerman, a

about modeling both agent behaviors and

CNEC-supported graduate student who

*how* agents learn their behaviors over

completed his PhD in the Department of

time by interacting with their environments.

Statistics at North Carolina State University.

A special case is to assume that all agents

His dissertation was entitled Twitter

maintain a model of their environment

Analytics: Geotag Imputation, Forecasting,

with which they estimate an optimal

and Dynamic Variable Selection, and more

strategy, e.g., using dynamic programming.

information on his research is featured later

However, this may be unrealistic as many

in the newsletter. Jordan collaborated on

humans rely on heuristics, have limited and

his research with Dr. Karl Pazdernik, a CNEC

imperfect memories, and act irrationally.

postdoc who is now a staff member at

Thus, we seek to develop a more general

PNNL, and with Rian Bahran and Geoffrey

framework which allows for a range of

Fairchild at LANL.
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Simulation, Analysis, and Modeling (SAM)
Dr. Ralph Smith
The SAM working group is broadly investigating statistical inference techniques for source
localization, estimation of background, and coupled deterministic/Monte Carlo radiation
transport simulation. These synergistic investigations support the challenge problem of
locating a radiation source in an urban environment.

Statistical Inference Techniques
The investigation and development of statistical inference techniques for the urban search
problem is being performed through collaboration between North Carolina State University
researchers in the Nuclear Engineering, Mathematics and Statistics Departments. The
Nuclear Engineering group has submitted a paper to Nuclear Instrumentation and Methods
detailing the experiments they conducted at ORNL in May 2017 to localize a radiation source
in an urban environment. These experiments demonstrate that by accounting for the highly
anisotropic response of detectors, the source was localized to within 1 meter of its actual
location. The NCSU Mathematics and Statistics team is investigating the construction
of highly efficient surrogate models for the physical models employed in the radiation
source location problem, optimal search strategies based on the surrogate models, and
the development of a Python-based Bayesian inference package for use in CNEC. The latter
two components are being investigated in collaboration with the Data Fusion and Analytic
Techniques (DFAT) thrust area.

Background Estimation
The Purdue University team is developing machine learning techniques to infer background
radiation. Using static analysis, they can estimate background in environments where
background varies substantially but there is no possibility for obtaining independent
measurements. In complementary dynamic analysis, they predict background rates based
on recent observations. They are presently benchmarking their analysis against
Kalman filtering.

Coupled deterministic-Monte Carlo Transport Simulation
Researchers at NCSU and the University of Michigan (UM) are collaborating on algorithm
and software development to facilitate fast and accurate computation of radiation detector
responses from shielded radioactive or nuclear materials. To achieve this objective, they are
coupling a Monte Carlo package developed at UM with the NCSU deterministic transport
code THOR. One aspect of current research is focused on the use of THOR to demonstrate
reduction of ray effects. Once this is achieved, the team will focus on modeling the detector
in THOR and validating it for radiation detection applications.

UNIVERSITY PARTNERS
Georgia Tech
Kansas State
NC State
North Carolina A&T

cnec.ncsu.edu

Purdue University
University of Illinois
University of Michigan

NATIONAL LABORATORY
PARTNERS
Lawrence Livermore
Los Alamos
Oak Ridge
Pacific Northwest
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Signatures and Observables (S&O)
Dr. Katy Huff
Illinois faculty and students are developing technologies
to enable radiation sensor networks including visualization
in virtual environments and machine learning algorithms
for single source detection. In complementary work,
Purdue faculty and students are developing new nuclide
identification methods relying on neural networks and fuzzy
logic. The efforts at Purdue have resulted in a rapid and
Erik Medhurst at the CNEC workshop
sharing a live demo of radiation sensor
network data visualization in a virtual
reality environment

computationally cheap method capable of dimensionality
reduction from 1024 parameters to 50 parameters.
Simulation and prototyping efforts are additionally ongoing
at Illinois in support of high precision timing detectors

for muon scattering tomography to assist in portal monitoring and material interdiction. To capture
and discriminate signatures and observables in nuclear fuel cycle simulation, Cyclus aqueous and
pyroprocessing facility archetypes are under development as well.
At the Georgia Institute of Technology organic thin-film transistors are being used to provide amplification
in novel organic photodetectors and will be used to develop novel radiation detectors for dosimetry. A
new paper on organic transistor stability was accordingly published in Science Advances and provisional
US patent filed (http://advances.sciencemag.org/content/4/1/eaao1705). A novel organic photodetector
geometry integrating an organic photodiode into an organic thin-film transistor structure has also been
demonstrated and characterized. It has been shown to provide large amplification of small scintillation signals.
At NSCU, CNEC Fellow S.J. Cope and advisor Dr. Robert Hayes have published, in the Health Physics
journal, related to Cope’s MS degree preliminary work toward a transuranic activity estimation method.
This method allows rapid discrimination of anthropogenic alpha decay from transuranic activity alpha
decay from air samples. Additionally, student research on neutron buildup factors now has had two
research articles accepted for publication.

Replacement of Dangerous
Radiological Sources (RDRS)
Dr. Walter McNeil
Dr. Nolan Hertel is kicking-off investigations into other
dangerous radiological sources in collaboration with the
medical industry and other experts in the field.
Dr. Jeff Favorite of LANL visited Kansas State University
(KSU) to offer a seminar and to see the experimental facilities.
Maria Pinilla and Aaron Helllinger have completed the
Ph.D. qualifying exams and are now at the status of
Ph.D. Candidates.
The KSU benchmark facility was upgraded with internet
access. The KSU D-T generator was configured to reduce

Digital acquisition in list-mode was collected
for the first time, capturing both generator
driving pulse and sensor signal pulses.
Figure shows neutron sensor response
as well as the generator driving signal.

output and reduce sensor dead-time. The KSU D-T generator
was successfully configured to run with an external pulse generator.
4
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Policy Research and Education Initiative
CNEC Panel on the Joint Comprehensive
Plan of Action (JCPOA)
Dr. Bill Boettcher
On April 30, 2018, CNEC sponsored a panel on “The Future of the JCPOA and Iran’s
Nuclear Program”. The panelists included Jon Wolfsthal , Annie Tracey Samuel,
Martin Malin, and Ariane Tabatabai.
Jon Wolfsthal is the senior advisor
to Global Zero and director of the
Nuclear Crisis Group. He is also a
non-resident fellow at the Managing
the Atom Project at Harvard
University’s Kennedy School of
Government and at the Carnegie
Endowment for International Peace.
Until January 2017, Mr. Wolfsthal
was Special Assistant to the
President of the United States for
National Security Affairs and senior
director at the National Security
Council for arms control and
nonproliferation. Before that, he was
Deputy Director of the James Martin
Center for Nonproliferation Studies at the Middlebury Institute for International
Studies in Monterey. He joined Monterey after having been Special Advisor to Vice
President Joseph R. Biden for nuclear security and nonproliferation and as a director
for nonproliferation on the National Security Council from 2009-2012.
Annie Tracy Samuel is an assistant professor of history at the University of Tennessee
at Chattanooga (UTC). Prior to joining the UTC faculty, Prof. Tracy Samuel served
as a research fellow at the Harvard Kennedy School’s Belfer Center for Science and
International Affairs. She holds a Ph.D. and M.A. in history from Tel Aviv University
and a B.A. in history and political science from Columbia University. She specializes
in the modern history of Iran and the Middle East.
Martin B. Malin is the Executive Director of the Project on Managing the Atom at the
Belfer Center. His research focuses on arms control and nonproliferation in the Middle
East, U.S. nonproliferation and counter-proliferation strategies, and the security
consequences of the growth and spread of nuclear energy. His is, most recently,
co-editor of Preventing Black Market Trade in Nuclear Technology (Cambridge
University Press, 2018).
Ariane Tabatabai is a Postdoctoral Research Fellow in the International Security
Program at the Belfer Center and the Director of Curriculum and a Visiting Assistant
Professor of Security Studies at the Georgetown University Edmund A. Walsh School
of Foreign Service.
cnec.ncsu.edu
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CNEC University Featured Program
North Carolina Agricultural and Technical
State University (N.C. A&T)
Dr. Abdellah Ahmidouch
The N.C. A&T group is engaged in several
research & development projects as well as
educational initiatives that are in line with CNEC’s
mission to transform national capabilities in the
detection and characterization of special nuclear
material (SNM) and facilities processing SNM to
enable the US to meet its international nuclear
nonproliferation goals.
Two major such projects include the Nuclear
Threat Reduction using Data Analytics
collaboration with LLNL and the GEANT-4
Members of the N.C. A&T group: from left to
right: Rita Appiah (Computational Science and
Engineering PhD student, Dr. Abdellah Ahmidouch,
Dr. Ronald Pedroni (back), Dr. Ashot Gasparian,
John Wright (undergraduate physics student),
Simone Santos (graduating physics student, future
Applied Science and Technology PhD student).

simulation model for the detection of SNM inside
a building which is part of the CNEC SAM’s
(Simulation and Modeling) Challenge Problem.

Nuclear Threat Reduction
using Data Analytics

The objective of this project is the precise and quick detection of a SNM placed inside
a building or in an urban area. The N.C. A&T group is collaborating with Simon Labov
of LLNL on a project to develop new analysis methods that can reduce the threat of
such a devastating occurrence. We are working on systems that can find nuclear threats
being produced, being transported out of other countries, entering the U.S., and en route
between facilities or to its destination. Our focus is on improving the sensitivity of these
systems to detect nuclear threat signatures, and to recognize benign radiation sources to
avoid false alarms. This is challenging because nuclear threat signatures are typically quite
weak, and easily overwhelmed by the presences of the benign radioactive materials in our
environment. We are applying the most recent advances in detection technology, sensor
networks, signal processing, computer science, machine learning, and big-data analytics to
this problem. Our solutions are providing new capabilities that are going into operations to
help close some of the most urgent needs for improving our ability to detect nuclear threats.
We use a network of detectors to detect emitted neutrons and photons, and data analysis
to classify and distinguish potentially dangerous materials from non-hazardous materials.
As more sensors are deployed, there are more opportunities for sensors to produce false
alarms. One of the major causes of false alarms is detectors begin out of calibration. To
avoid losing sensitivity, we need to reduce the false alarms. With a large fleet of detectors,
frequent calibration by standard methods is not feasible. Therefore we are developing
automated methods to provide reliable calibration that is updated continuously using
background radiation such as K-40 and Tl-208 lines, and encounters with common benign
sources of radiation.
6
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There are two mechanisms that produce false alarms in wide-area radiation
detection operations:
1. False Detections are alarms that occur from background fluctuations
when no actual source is present
2. Misclassifications are alarms that occur when an actual radiation source is
misclassified as a threat or other source type needing investigation
The description of the techniques we developed to characterize these lines
as well as the methods we used to reduce false alarms are as follows:

• Peak tracking Algorithm for Gain Stabilization (Matlab,
Python or C++): as the method to be used to reduce false alarms. Background
radiation such as K-40 and Tl-208 lines would be used as the calibration reference
sources. The specific challenge being addressed is to develop algorithms that
can provide accurate tracking with high slew rates due to rapidly changing
environmental conditions, while also operating with very small detectors and low
count rates.

Figure 1: Chart Flow of the Peak tracking Process

Figure 2: Description of Algorithm and Expected Results

• Target characterization and classification: Machine learning techniques
would be used to classify and distinguish misclassified special nuclear materials
from non-hazardous materials. Features extracted from measured sources could
include projections onto expected spectral shapes as well as intensities of known
features of interest. These features are analyzed using a probabilistic framework
and machine learning techniques to improve the accuracy of the classifier in
operational conditions.

cnec.ncsu.edu

7

A GEANT-4 simulation model for the detection of a
radioactive source inside a building
Precise and quick detection of a
hazardous radioactive source placed
inside a building is of paramount
importance to radiological threat
reduction. As part of the CNEC
Challenge Problem, the N.C. A&T
group is engaged in developing a
GEANT-4 based radiation transport
model for the detection of a
radioactive source inside a building.
Background radiation from the
building and environment natural
radiation (K-40, Th-232, and U-238
decay products) as well as the cosmic

Figure 3: Geant4 simulation of Pu source inside
the nuclear physics lab building at N.C. A&T

background are accounted for. The
model results can be validated with field trial experimental data. They can be
used to test localization algorithms and help in the choice of the appropriate
radiation sensors and their placement.
N.C. A&T organized a two-day workshop on May 11-12, 2016. The course
covered key features of the Geant4 simulation toolkit with an emphasis on
the issue of nuclear nonproliferation. Two GEANT4 leading experts, Makoto
Asai and Dennis Wright of SLAC led the workshop. Makoto Asai is one of the
founding members of the Geant4 collaboration and is currently on the role
of the Spokesperson of the collaboration. Dennis Wright is a member of the
Geant4 collaboration and has served as coordinator of the hadronic physics
group since 2005. All CNEC students, postdocs, and researcher were invited.
Nineteen participants from N.C. A&T, NC State and Georgia Tech attended
the workshop. The workshop was also an opportunity to discuss possible
collaboration between CNEC and the Geantt4 development. The workshop
included a general introduction and history of the Geant4 simulation package
(Makoto Asai), a kernel introduction, a physics introduction (Dennis Wright),
a geometry introduction (Makoto Asai), a description of the electromagnetic
physics as well as hardronic physics
(Dennis Wright), event biasing (Makoto
Asai), a discussion of Multithreading
(Makoto Asai) and documentation and
examples (Dennis Wright). The workshop
ended with a discussion of selected
topics of interest to CNEC participants.

Attendees of the N.C. A&T Geant4 workshop

8
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Laboratory Highlights January-April 2018
Los Alamos National Laboratory (LANL)
Dr. Jeff Favorite
On April 25, 2018, Jeff Favorite visited Kansas State University to meet with
faculty and students, tour laboratories, and present a seminar entitled “Jezebel:
Reconstructing a Critical Experiment from 60 years Ago.”

Oak Ridge National Laboratory (ORNL)
Dr. David Williams
Dave Williams attended the CNEC Advisory Board meeting Feb.8-9, 2018 and
participated in the open and closed sessions, made a short presentation “CNEC
Research Collaborations and Future Opportunities at ORNL”, and served on the
student panel on National Laboratory internships.
ORNL expects four CNEC students (Sally Ghanem, Jared Cook, Evan Gonzales

Jeff presents a red
cabbage that is
approximately the
size of the Jezebel
assembly

and Connor Awe) to spend sessions this spring/summer. Joseph Cope (CNEC
fellow) plans to spend the fall quarter at ORNL to further his graduate research
related to air-monitoring. ORNL will also support the CNEC participation in the DAF
measurement campaign this summer.

Pacific Northwest National Laboratory (PNNL)
Dr. Robert Brigantic
In January 2018, PNNL hosted CNEC director Dr. Yousry Azmy in Richland, WA and
held various discussion related to CNEC activities and PNNL related research programs.
In February 2018, PNNL’s Karl Pazdernik, Glen Warren, and Brian Kritzstein
supported and presented on PNNL capabilities at the CNEC 2018 Workshop /
Advisory Board Meeting at North Carolina State. PNNL also continued to support
the monthly CNEC All-Hands Meetings and the CNEC SAM Meetings. One of our

Jeff with students
at one of the KSU
laboratories

most significant activities during this reporting period has been identifying and
preparing for the CNEC interns who will be joining PNNL this summer. Currently,
the following interns will be joining PNNL: Erik Medhurst from Illinois; Diego
Laramore from Kansas State; James Gilman from North Carolina State; Dylan
Hoagland from North Carolina State; and Lydia Lagari from Purdue. PNNL’s Robert
Brigantic and Erin Miller supported research and a manuscript by CNEC’s Eva
Brayfindley (North Carolina State University) titled “Automated defect detection
in spent nuclear fuel using combined Cerenkov radiation and gamma emission
tomography data” submitted to Journal of Nuclear Technology. Lastly, PNNL
worked with representatives from the CNEC program at North Carolina State, along
with Northeastern University, Berkeley, and MIT on a proposal to the Defense
Threat Reduction Agency (DTRA) titled Machine Intelligence for Recovery After
Catastrophic and Lethal Events (MIRACLE).

cnec.ncsu.edu
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Special Lectures and Visits
Localization in an Urban Environment
Dr. John Valentine, Lawrence Berkeley National Laboratory (LBNL)
Raffi Yessayan
On January 11, 2018, CNEC hosted Dr. John Valentine for a review of the Integrated University
Program (IUP) academic consortium model. During his visit to NC State University on January
11, 2018, Dr. John Valentine, who is the National & Homeland Security Program Manager
for Lawrence Berkeley National Laboratory (LBNL), met with CNEC students to discuss their
consortia research as well as their experiences working at national laboratories. After being
introduced to the attending students and hearing about their research topics, Dr. Valentine
provided a brief overview of his role at LBNL and how it related to CNEC’s ongoing work. Of
particular interest to Dr. Valentine were student’s experiences with laboratory internships and
interdisciplinary programs, such as the Nuclear Nonproliferation Science and Policy certificate
offered by NC State. Dr. Valentine was impressed by the number of students who had already
spent time at a national laboratory as well as by the variety of laboratories they had worked at.
He remarked that his experience with student interns from all the NNSA consortia had always
been positive and that they should continue to look for opportunities to work at the laboratories
since they provide valuable technical and professional experience.

International Atomic Energy Agency (IAEA)
Section Head Visits CNEC
Eva Brayfindley and S. Joseph Cope
On February 22, 2018, Mr. Alain Lebrun, Section Head for
Non Destructive Assay in the Division of Technical and
Scientific Services for the Department of Safeguards with
the International Atomic Energy Agency (IAEA), met with
CNEC students at NCSU. This meeting with students was
hugely informational about the structure and workings
of the IAEA from an inside perspective. The discussion opened with brief research overviews from
CNEC students, from computer science, math and nuclear engineering. Following that, Mr. Lebrun
shared his group’s current work and an overview of IAEA recent advances. Discussion included what
Mr. Lebrun, as a group leader, holds to be integral skills for future applicants along with a pathway to
pursue those in graduate school and beyond. Students learned the variety of projects Mr. Lebrun’s
group works on, and the often quick turnaround time solutions required. Given that academic
research often lends to longer term projects, it was a challenging perspective to hear about the
3 to 5 month process from the problem identification to robust solutions.
Mr. Lebrun’s presentation in the afternoon involved the work that the IAEA has done in the last year,
and the achievements and project overviews of the institution. Not only did Mr. Lebrun highlight the
various types of facilities visited and inspected by the IAEA, but also discussed specific directives
for the improvement of IAEA safeguards verification technologies. Students learned how the IAEA
interacts with facilities, and what the requirements of both are incorporated into the safeguards
process. It was a highly informative and fun talk for the students and faculty in attendance!
10

CNEC Newsletter | Issue 5 | May 2018

LLNL Scientist Presents CNEC Distinguished
Technical Lecture
Nathan Hart
On March 22, 2018, CNEC hosted Dr.
Manoj Prasad as the NC State Nuclear
Engineering graduate seminar speaker.
Dr. Prasad’s lecture was titled “Neutron
Multiplicity Counting Beyond MomentBased Analyses”.
Dr. Manoj Prasad is a theoretical physicist
from Lawrence Livermore National Laboratory (LLNL). He met with a group of
CNEC-associated students from nuclear engineering and mathematics and statistics
backgrounds who introduced themselves and summarized their research at NCSU.
Dr. Prasad proceeded to talk about his experience at LLNL, highlighting his transition
from academia as a particle physicist to working at LLNL doing laser fusion code
development. Dr. Prasad outlined the essential problem of neutron multiplicity
counting: determining the mass of special nuclear material (SNM) in a “black box”
by taking advantage of spontaneous fission in uranium and plutonium. Students
also heard about the diverse background of staff in Dr. Prasad’s group, which includes
engineers, physicists, and chemists, and learned about the importance of a strong
math background. Later in the day, Dr. Prasad expanded on his work in neutron
multiplicity counting in a department-wide seminar. He explained the standard
process of performing assay using moments of the neutron count distribution, but
using moments incurs several unfavorable conditions. His group’s novel approach
of moment-less assay uses a X2 optimization of the count distribution, which
requires no a priori knowledge of model parameters, among other advantages.

Professor Nolan Hertel, Georgia Institute
of Technology
On March 7, 2018, the Department of Nuclear, Plasma, and Radiological
Engineering at the University of Illinois hosted Professor Nolan Hertel. He
met with faculty, met with students, and gave a special seminar on “Neutron
Spectroscopy with Moderated Detectors”.

Andrew Worrall, Oak Ridge
National Laboratory
Fuel Cycle Technology Leader
Deputy Director, GAIN (Gateway for Accelerated Innovation in Nuclear)
UK Country Co-ordinator, DOE Office of Nuclear Energy
On March 12, 2018, the Department of Nuclear, Plasma, and Radiological

Prof. Kathryn Huff,
Prof. Nolan Hertel,
and CNEC graduate
students Aric Tate,
Gregory Romanchek,
and Erik Medhurst
at the University of
Illinois

Engineering at the University of Illinois hosted ORNL scientist Dr. Andrew Worrall.
Worrall met with the faculty and students, and gave a special seminar on
“Challenges and Needs for MSR Safeguards.
cnec.ncsu.edu
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Workshops
MAVRIC and KENO Workshop
Dr. Robert Hayes
A workshop on the use of the KENO-VI Monte Carlo code for
criticality safety calculations and the MAVRIC (Monaco with
Automated Variance Reduction using Importance Calculations)
shielding sequence with 3-D automated variance reduction
for deep-penetration problems was held at NCSU by ORNL
staff members Dr. Thomas M. Miller and Dr. William J.
Marshall from March 5-9, 2018.
KENO-VI is a 3D eigenvalue Monte Carlo code for criticality

ORNL R&D Staff Dr. William J. Marshall
(standing on the left) and Dr. Thomas M.
Miller (seated on first row to the right)

safety and MONACO is a 3D fixed-source Monte Carlo code for shielding analysis.
Both codes use the SCALE Standard Composition Library and the SCALE Generalized
Geometry Package (SGGP), which allows for versatile modeling of complex geometries
and provides convenient, efficient methods for modeling repeated and nested
geometry configurations such as lattices.
The MAVRIC sequence is based on the CADIS (Consistent Adjoint Driven Importance
Sampling) methodology. For a given tally in a Monte Carlo calculation that the users
wants to optimize, the CADIS method uses the result of an adjoint calculation from
the Denovo 3D deterministic code to create both an importance map for weight
windows and a biased source distribution. MAVRIC is completely automated in that
from a single user input, it creates the cross sections (forward and adjoint), computes
the adjoint fluxes, creates the importance map and biased source, and then executes
Monaco. An extension to the CADIS method using both forward and adjoint discrete
ordinates calculations (FW-CADIS) is included in MAVRIC so that multiple point tallies
or mesh tallies over large areas can be optimized (calculated with roughly the same
relative uncertainty).
Both KENO and MAVRIC are highly applicable to nuclear security and
nonproliferation applications.

Conferences
North Carolina (NC) Health
Physics Society (HPS) Section
Spring Meeting
The NC chapter of the HPS met on Friday March 2, 2018 at
NCSU. The meeting included a visit from HPS President
Elect, Dr. Nolan Hertel who met with the local NC State’s
ANS student chapter the prior evening on Thursday March 1.
During this meeting with the NCSU students, Dr. Hertel gave
a presentation titled, “Radiation Protection: What We Know,
What We Don’t Know and What We Need to Know”.
12

HPS President Elect Dr. Nolan Hertel
of Georgia Tech posing with Nuclear
Engineering Students of the ANS chapter
at NC State. He presented the importance
of having radiation safety professionals
in the nuclear industry after which a
discussion on a new Health Physics minor
in the Nuclear Engineering Department
was discussed.
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Honors and Awards
Dr. Christine Anderson-Cook of LANL, CNEC Advisory Board member,
is the recipient of the 2018 American Society for Quality (ASQ) Shewhart Medal.
The Shewhart Medal is awarded for technical leadership to an individual who has
demonstrated the most outstanding technical leadership in the field of modern
quality control, especially through the development to its theory, principles, and
techniques.” Dr. Anderson-Cook received the Shewhart Medal at ASQ’s World
Conference on Quality and Improvement held in Seattle, WA, April 30 – May 2, 2018.

Dr. Rizwan Uddin, department head of Nuclear, Plasma, and Radiological
Engineering at the University of Illinois, received the 2018 Campus Award for
Excellence in Graduate and Professional Teaching at the April 12, 2018 ceremony.

Dr. Christine
Anderson-Cook

Dr. Ralph C. Smith, Distinguished Professor of Mathematics at North
Carolina State University, was named a 2018 Society for Industrial and Applied
Mathematics (SIAM) Fellow for contributions in uncertainty quantification and
materials science. The SIAM Fellows Program honors SIAM members who are
recognized by their peers as distinguished for their contributions to the discipline.

Dr. Bill Boettcher of the Department of Political Science was awarded
NCSU’s 2018 Outstanding Teacher Award and became a member of the Academy
of Outstanding Teachers.

NCSU Nuclear Engineering Students Win at the 2018
ANS Student Conference
Seven (7) nuclear engineering senior design teams and five (5) Consortium for
Advanced Simulation of Light Water Reactors (CASL) funded students participated
in this year’s American Nuclear Society (ANS) Student Conference in Gainesville,
Florida. Three senior design teams won in three (3) technical categories.

Events
June 18-29, 2018
PNNL Summer School Radiation Detection for Nuclear Security
https://workbasedlearning.pnnl.gov/default.aspx?topic=Radiation_Detection_for_
Nuclear_Security_Summer_School_2018

July 9-27, 2018
NCSU Young Investigators’ Summer Program in Nuclear Engineering (Application
closed). The camp is open to high school rising juniors, rising seniors and graduating
seniors. Participants explore through group projects, labs, lectures and industry field
trips how nuclear science and technology solve everyday energy, medical and other
industrial challenges. There will be 22 students participating from North Carolina,
Connecticut, Florida, New Jersey, Maine, Kentucky and Virginia. Details about the
program are available at www.ne.ncsu.edu/outreach-engagement/pre-collegestudents-educators/.
cnec.ncsu.edu
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Research Paper Highlight
Social Media Analytics: Geotag Imputation,
Forecasting, and Dynamic Variable Selection
Dr. Jordan Bakerman
The popularity of social media has created vast repositories of open source data
with broad potential value. Researchers are actively mining these complex data
sources to use untapped information for applications such as forecasting the
prevalence of influenza or predicting social unrest. Our goal is to develop innovative
statistical methods to analyze social media data which can enrich information for
nonproliferation. We have created methodology to geolocate Twitter users and
developed dynamic forecasting algorithms for event detection and enrichment.
Twitter was created in 2006 as a free online social networking service. The service
allows its users to post messages with a maximum 140 characters called “tweets” to
interact with other users. As of 2015, Twitter generates more than 500 million tweets
daily, representing more than 300 million active monthly users. Each tweet can be
geotagged with a latitude and longitude pair, either according to a user’s cell phone
geo-location service or the HTML5 geolocation API when a person tweets from their
computer. However, Twitter users may remove this geotagging option, and most
users do so. Currently, approximately only one percent of tweets contain its latitude
by longitude origin. Our goal is to ready the tools necessary to geolocate social media
users posting nonproliferation related information and prevent possible nuclear
material diversion.
Despite the availability of both the content of the tweet and user network information,
these two features are generally utilized separately in the literature for geotag
imputation. We created a hybrid model that uses these model features jointly by
combining features according to their geographic scope. A word or network which
is geographically narrow is weighted more heavily than others during the geotag
imputation algorithm. We use Gaussian mixture
models to map the raw spatial distribution of the
features to a predicted field providing a natural
representation of model confidence. The imputed
geotag is a probability distribution of each point
within a spatial domain representing the origin,
allowing us to quantify the uncertainty in our
estimates. The median prediction accuracy
achieved by the proposed hybrid model
geotags tweets to within 19 km according to a
Example of a hybrid model: A Single Imputed Geotag

reference research dataset, which is a significant
improvement over existing methods.

Aside from geotag imputation, we have considered the problem of using daily word
counts in Twitter to forecast real world events. Researchers use daily word counts
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scraped from Twitter to forecast diverse outcomes. For example, terms like “flu” and
“fever” are leading indicators of influenza-like illness rates reported by the Centers
for Disease Control and Prevention in the United States. Currently, all forecasting
models within the Twitter literature are static. We use dynamic logistic regression to
forecast the probability of future events. In general, dynamic models are utilized for
forecasting complex non-stationary time series. These state space models allow for
greater flexibility in the short term by allowing parameters to evolve in time as new
information becomes available.
Although a powerful and flexible forecasting tool, dynamic models are underutilized,
and little research is dedicated to high-dimensional dynamic variable selection.
As conditions change, the words that predict events may change as well, and
we examine this relationship with our dynamic variable selection technique. We
developed a variable selection method for the
dynamic logistic regression model based on
penalized credible regions. The main idea of
this approach is to build a sequence of credible
regions for the parameter vector and choose
the sparsest solution in each region. This
technique corresponds to creating a sequence
of selected models and is equivalent to creating
a solution path. The “best” model can then be
chosen via a goodness-of-fit metric.
The proposed variable selection technique
is scalable and allows us to consider many
possible features for model inclusion. As a
proxy event, we apply our methodology to

Example Word Cloud Dictionary

forecasting civil unrest in South America using daily Twitter word counts such as
“protest”, “racism”, and “police”. The dynamic logistic regression model significantly
outperforms the static baseline approach, and the variable selection approach
enables us to contextualize the reasons for protest sequentially in time.
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Upcoming Events
Event

Date

Location

University Program Review

June 5-7, 2018

Ann Arbor, Michigan

American Nuclear Society
Annual Meeting

June 17-21, 2018

Philadelphia,
Pennsylvania

Advances in Nuclear
Nonproliferation Technology
and Policy Conference

September 23-27,
2018

Wilmington,
North Carolina

Device Assembly Facility

July 9-20, 2018

Nevada

1009 Capability Drive, Suite 210
North Carolina State University
Raleigh, NC 27606
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