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Multidisciplinary Education

— EXxposing policy students to technology is simply a subset
of multidisciplinary education

— In our program, we have courses that include
— nuclear engineers, physicists
— chemists
— operations research, mathematics
— electrical engineers
— international affairs, public policy

— Courses of this nature require design specifically to
accommodate the diversity of student backgrounds and
desired learning outcomes

— the only more difficult aspects of teaching technology to policy
students that | have observed is the typical math skill deficiency



Experiences with Technology
Education for Policy Students

— BUSH 689 (WMD Detection, Response, and Recovery)
— NUEN 650 (Nuclear Nonproliferation & Arms Control)
— NUEN 489 (Nuclear Security Science)

— Summer Safeguards Courses at LANL

— NSEP

— NDA Training at ORNL

— INMM Meetings

— Research Groups



Nonproliferation and Nuclear Security
Specific Course Inventory

Course Title Instructor Times Average
Taught Enrollment

NUEN 650 Nucl Nonproliferation & Arms Control  Charlton

NUEN 605 Rad Detection & Nucl Materials Marianno 3 11
Measurement
NUEN 651 Nuclear Fuel Cycle & Safeguards Chirayath, 4 12
Solodov
NUEN 656 Critical Analysis of Nuclear Security Charlton 3 6
Data
NUEN 489 Nuclear Security Science Ford 1 12
NUEN 489 Nuclear Nonproliferation Juzaitis, 2 30
Ford
CHEM 681 Radiochemistry and Nuclear Folden 1 8
Forensics
MATH 644 Inverse Problems in Nuclear Rundell 1 18

Forensics



BUSH 689 WMD Detection,
Response, and Recovery

— Course is taught to an audience that is a majority
international affairs students
— there is typically a minority of engineering students

— Course begins with covering technical aspects of NBRC
— weapon history, components, manufacturing, delivery, effects, and
signatures
— The remainder of the course covers policy aspects of the
homeland security system to detect, respond, and recover
from a WMD attack

— All students complete the same lectures and the same
assignments



NUEN 650 Nuclear Nonproliferation
and Arms Control

— Lecture-based course studying the political and
technological issues associated with nuclear
nonproliferation and arms control

— Audience is typically a majority nuclear engineering
students with a minority international affairs and political
science students

— students are in two separate sections with separate assignments

— topical lectures are done simultaneously to both groups twice per
week

— discipline-based lectures are done once per week to groups
separately

— twice per year the students conduct simulation exercises in small
interdisciplinary groups



NUEN 489 Nuclear Security Science

— Lecture-based course focusing on design and evaluation of
systems to deter, detect, interdict, and neutralize sub-state
threats to nuclear material

— Audience is a majority nuclear engineers with a small
minority of international affairs and public policy students
— students are in two separate sections with separate assignments

— topical lectures are done simultaneously to both groups twice per
week

— discipline-based lectures are done once per week to groups
separately

— at the end of the semester, the students complete a security
system design project in small interdisciplinary groups



National Laboratory Summer
Safeguard Courses

— Among other things, NGSI has funded summer safeguards
courses at the national labs

— In 2009, NGSI courses were held at LANL, BNL, ORNL,
and PNNL

— These courses had a diverse background of incoming
students
— by level
— by degree program
— by work experience

— This is positive because safeguards requires experts from
many fields



Modules for Leveling of Student
Backgrounds

— The diversity of these students also caused difficulty in
teaching the courses

— Some students had very little background in nuclear
engineering and/or nuclear physics

— To provide some leveling material, TAMU deployed the
Nuclear Safeguards Education Portal

— NSEP is a web-based learning portal

— open to the public

— NSEP consists of self-paced, independent course modules
— may be taken separately or as part of a defined course sequence
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Module characteristics
— text, graphics, videos,
wikis, quizzes
Currently deployed:

— Basics of Radiation
Detection

INTRODUCTION

What do we use detectors for?

Radiabon detectors are an intagral part of many
safeguards systems. In general, we use ragiation
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Physics
— The Nuclear Fuel Cycle
— Introduction to Statistics
— Safeguards Terminology

— Nuclear Material
Accountancy

Since June 2009,
NSEP used >1080
times

— Fuel Cycle (300)

— Nuclear Physics (280)

— Radiation Det (500)
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'~ NDA Technologies for International
! Safeguards Classes at ORNL

— Advanced hands-on training including:
— Handheld isotope identifiers
— Uranium holdup measurements
— Object counting systems
— Isotopic (uranium) enrichment measurements
— Tours of ORNL facilities and private industry

— Classes held:

— March 2007 (graduate students)

— November 2007 (graduate students)
— May 2008 (undergraduate students)
— November 2008 (graduate students)
— May 2009 (undergraduate students) |§
— December 2009 (NE & BUSH graduat students)
— May 2010 (undergraduate students)

— Helps maintain faculty skills




INMM and Other Professional
Societies

Date Type Topic Speaker

09/15/09 Social Zapato's Cantina N/A

09/29/09 Forum Road to Zero Nuclear Weapons Dr. Ray Juzaitis, TAMU
10/07/09 Meeting Life with the IAEA David Hanks, SRNL
11/03/09 Forum Iran's Nuclear Ambitions Adrienne LaFleur, TAMU
12/01-12/03 | Travel INMM Executive Committee Meeting N/A

12/09/09 Social Bowling at Grand Station N/A

01/11-01/17 | Travel ;rNoll\J/lrl\S/loskalEgh;/gi:fDiﬁtr IR;IAe’\lel;ing Jim Tegnelia, formerly DTRA
02/10/10 Social Zapato's Cantina N/A

02/23-02/25 | Workshop 'Ialjstz;nsastris:ﬁtl_\l{(\;glrlgshop for Users of Proliferation 17 speakers

03/24/10 Meeting Containment and Surveillance Chris Pickett, ORNL
04/07/10 Forum Nuclear Terrorism Sara Daly, BUSH School
05/05/10 Meeting IAEA Unattended Monitoring Systems Mark Schanfein, INL
05/05/10 Social Fitzwilly’s N/A

07/11-0/16 | Travel INMM Annual Meeting in Baltimore Varies

Can serve as an
excellent forum for
exposing policy
students to
technology

— less hostile
atmosphere than a
classroom

— no time limits

— students teaching
students

— Consider a variety

of meeting types



Research Groups

— The NSSPI business model is based on using small multi-
disciplinary teams of students to conduct research

— this allows us to solve problems that single discipline teams likely
can not

— these teams all contain at least one policy student

— It also helps to engendered respect amongst students of
different disciplines
— policy students learn to value the input of technical students

— technical students develop a deeper respect for how policy can
drive technology as well as how technology can help enable policy
decisions

— Typically, we find students can integrate diverse disciplines

better than more senior people



Lessons Learned

|Ideally have students register in
separate sections

— and have separate syllabi for each
student type

— even if the lectures will be done
jointly between sections

Design lectures along two tracks:

— teach topical material in joint
lectures

— teach disciplinary material in
separate lectures
Provide background reading
materials

Provide an opportunity for
prerequisite learning through
asynchronous materials

Use separate assignments and
assessment tools for different
student types

Use group exercises as a
mechanism to allow policy and
technical students to interact

Don’t underestimate the value of
a lab experience

Use professional societies to
integrate students

Involve policy students in
technical research groups
— they will add value to your project

and they will learn the importance
of technology



