|

' Georgiahstftute
|| off Techmelogly

BENCHMARKING SAFEGUARDS
& NONPROLIFERATION
EDUCATION: A HEURISTIC

APPROACH

Shaheen A. Dewji
Nolan E. Hertel
Nuclear & Radiological Engineering
Program
Georgia Institute of Technology

shaheen.dewji@gatech.edu

Nuclear Security Education: The Intersection of Policy,
Science, and Technology

July 19-23, 2010




Overview

Program Overview
Curricula in Safeguards
Insider’s Perspective
Supply and Demand
Preliminary Findings




Preamble

e Georgia Tech’s Nuclear Engineering Program is
growing rapidly given increased domestic interest in
nuclear power

o Seek to establish a strong academic curriculum in
nuclear safeguards and security with particular
emphasis on the technical and policy challenges

e Future activity address need for students to have an
Interdisciplinary understanding of the role of
nonproliferation, safeguards and security in nuclear
power expansion globally




Sampling of Courses
as Basis for Safequards Education

e NRE 3112/6757 * NRE 4430
Radiation Detection Nuclear Regulatory

« NRE 4204/6201 Requirements
Reactor Physics * NRE 6501

« NRE 4328 Nuclear Fuel Cycle
Radiation Sources & Applications * NRE 6502

« NRE 4404/6755 Nuclear Materials
Radiological Assessment & Waste
Management

http://www.nre.gatech.edu




Newest Developments In

Safequards Education
« NRE 8803 — Fall 2009

NUCLEAR TECHNOLOGY, ENERGY & POLICY
— Georgia Tech — Lorraine Campus, Metz, France

— Nuclear technology & policy for (non-nuclear) engineering
students

— Policy-relevant topics
« EDF Cattenom Reactor Field Trip

* Proliferation of Nuclear Weapons, Evolution of Safeguards &
NPT

e “Global Zero”
 Nuclear Renaissance: Balancing Nuclear Energy and Security

e, ndrew
tareh, TOUKAM DEMGNE Laetitia

Fall 2009




Newest Developments In Safequards

Education

« NRE 4803 — Spring 2010
NUCLEAR SAFEGUARDS & SECURITY IN THE 21ST CENTURY

1.

©O N oA WN

Fuel Cycle (with emphasis on material flow and quantities)
Future Directions for Nuclear Power

. The Evolution of International Safeguards

Highly Enriched Uranium Fuel

Nuclear Proliferation (including some history)

Nuclear Energy: The International Dimension

Nuclear Power and the Weapons Threat — Links, Potential

Nuclear Weapons Basics (Brief Review of atomic bombs — very
Nuclear Material Measurement Technologies

10. International Safeguards Inspection
11. Nuclear Weapons and Strategy
12. Safeguards for Plutonium Processing




Newest Developments in Safequards
Education

« NRE 4803 — Spring 2010
ORNL Safeguards Laboratory Course

Nondestruetive Assay (NDA) Applications
- for International Safeguards

i (for Georgia Institute of Technology)




Next Step: Insider’'s Perspective

o Grand tour

» Sam Nunn Security Program

» Public Policy & Nuclear Threats Program (PPNT)

» Nuclear Nonproliferation, Safeguards & Security
(NNSS)

» Summer Intensive Course on Nuclear Safeguards
Policy (MIIS)

» University of Georgia

» International Summer Symposium on Science and
World Affairs (Carnegie)




Supply & Demand:
Safequards & Nonproliferation
Education Survey

o Target: Students/Recent Graduates/Young Professionals
e Running tally: 95 (94)

e 32 Questions

1) Respondent Background

2) Safeguards & Nonproliferation Background

3) Assessing Safeguards/Nonproliferation Program Structures
4) Program Technical Curricula

Instruction and Audience

Pedagogical Approaches

Demographics




Part 1: Respondent Background

Educator Undergraduate Graduate
(Facultg/, etc.) O;I;{er Student Student
14% v 10% (Master's
Program)
15%

Established ‘
Professional
8%

Young
Professional

14% Graduate
Student
Recent Graduate (Ph.D. Program)
(Ph.D. Program) Recent Graduate \ Recent Graduate 289,
3% (Master's (Undergraduate
Program) Program)

1% 1%
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Part 1: Respondent Background (2)
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Part 1: Respondent Background (3)

BRAWSK

UNIVERSITY

I e Massachuseiis
I I Institute of

Technology BENGALS

MEDICAL UNIVERSITY
af SOUTH CAROLINA




Part 2: Safequards &
Nonproliferation Background

Which option(s) best describe your exposure to

education in nuclear safeguards/ nonproliferation?
Check all that apply.

Minimal interest 7%
Personal interest/informal investigation 33%
Formal short course(s) (< 1 week) 16%
Formal intense course(s) ~ 1 month 12%
Semester-long university course 24%
More than one semester-long course 21%
Internship/Short-term Employment 34%
Career/Employment 34%
Other 5%




Part 2: Safequards &
Nonproliferation Background (2)

Source of safeguards/non-proliferation
education.

University 44%
(normal course)
National 42%
Laboratory
Other 16%
University-sponsored 14%
program
Non-Governmental 7%
Organization
International 5%
Organization
(Specify)
N/A 12%




Part 3. Assessing Program Structures

Desirable goal for a safeguards/
nonproliferation university/
education program.

Major Option
(Hybrid program O;'.:r
intechnology
policyin
safeguards/
nonproliferation)
21%

Certificate of
, Participation
28%

/

Diploma or
Minor Option
46%

Number of courses that
should constitute a cohesive
"minor" or "diploma" in the
field of safeguards and
nonproliferation.

Number of Response
Courses
1 0%
2 1%
3 30%
4 54%
More than 4 15%




Part 3: Assessing Program Structures (2)

How many of these courses should have a
technical/mathematical basis?

B0 more than 4 (Specify)
M 4
3
2
40 I 1
30

20

10

L1

Social Science Physical Science Engineering Other:




Part 3: Assessing Program Structures (3)

What level of mathematics would you feel comfortable with

in a safeguards/nonproliferation course?
Check all that apply.

120 None
I Differential equations
B A little calculus

100 Algebra
B Arithmetic

Social Science Physical Science Engineering Other:




Part 3: Assessing Program Structures (4)

Based on your experience, what tools do you think would
remedy a lack of a mathematical/technical background?
Check all that apply.

100 Other
B Simulation Programs
Computer Programs with a
Graphical User Interface
80 Spreadsheets with Equations
Pre-programmed
A mathematics review before
a technical lecture
60 A formal mathematics course
IS unnecessary
= A formal mathematics course
is absolutely required
40
20
0

Social Science Physical Science Engineering Other:




Part 4: Program Technical Curricula

14.Which courses do you believe shouldbe offered in a
safeguard sinonproliferstion education program as partof this
certificate/diploma program? Please assess which you feel are most importsnt
in such & program.

21.How important do you believe each of the following technical topics in a nucke:
=sfeguard=sinonproliferstion course?

Not Meither |
Meither Row | rtard Less Important |Some Very
RowChoice Less | Important |Somewhaf WVery | .. Choice mpo Importa Mor Important|lmportand
Im portanylm portany nor Important importa At All nIUnimpDrIarl:l
: Unimportant 1. Redioactve Decay |0 3 EH o4
1. Introducton to
Muclear 4 g 11 15 25 | 2. Muclear Fission a 2 18 33
Engineering 3. Muclear Fusion & 12 15 16 5
2. Technical 4 Redigtion E
W=pects of i] 0 4 20 41 1 EﬁEi‘t'lE onsposiE - & IE 28 18
Safeguards = -
R 5. Chain Resctions ] 1 B ] 15
. Material
Protection, Contof0 i] 2 25 el 2 (8. MuclearWWeapons I i o 4 oo
& Accounting Basics
4. Statistics & 7. Types of Muclear - -
Probabifistic Risk |1 5 12 21 15 o Resctors 0 i F 1] 25
|4 zsessment -
5 Resclor Phy=cgs 14 16 o7 5 1 5. New Reactor DE_?_’E'” e g 13 22 11
5. Fuel Cycle 0 1 2 55 ET 1 3. Proliferation-Resistant q 4 I e b0
= — Feactors
7. Economics of 13 18 19 5 1 -
Muclear Energy 10. Fuel Cycle (General) |0 1 ] 20 32
5. History of 11. Fuel Cycle (esp. a a - 12 41
MuclearWeapons|0 5 10 26 24 1 Ennchment’'Reprocessng]
;"SATCD”“”' 12. Muclear Waste D 3 g 31 18
. Non-State

|ssuesin Muclesr |2 o 13 24 o4 i 13. Nuclear Reacior 1 5 15 o4 5
Security and Safety/Accidents
10. Prolferstion 14. Materal Accountancy |0 1 2 (21 32
[Temorsm, 1 1 4 23 36 1 16. Contasinmeant and
[Trafficking) Surveillance 0 1 IB 21 <5
11. State-based 16. Physical Prolecbon |0 > IE 25 50
|zsuesin Muckar —
Proliferation 1 1 5 25 33 1 17. Safeguards
[(Regional, Instrumentstion (Radiatonl 0 2 26 28
Disarmameant) Detectors)
12..E|:Ii=.:ci.5|T:-|:l'rcE| _ 18. Safeguardsin
Project/Directed  [2 & 18 17 & 2 Enrichment/Reprocessing|0 1 2 17 35
?;udm; Facilties

. Other - -

o 9 0 ] 1 0 45 19. Design Infomiaton

[Specify) \erification (DIV) 1] 4 13 (24 15




Part 4: Program Technical Curricula (2)

22 Whatwere the modes of instruction for each of the topics in safeguards/nonproliferation courses or programs you have
alreadytaken? Check all that applv.

Traditional|Power| Problem Fielg| Hands

RowChoice Solving Dema Simulation on |nteractive Group Role

Other MIA

Lecture | Point (Numerical) Trip Training Discussion Project Play
1.Radioactive Decay KN 27 22 7 a G 13 4 ] 0 1 15
2 MNuclearFission 36 31 21 5 10 5] g 3] 4 0 1 8
2. MuclearFusion 28 25 g 1 4 2 2 1 1 1 15
4 Radiation Exposure
Effects 33 28 15 ] 2 2 ] ] 4 il 1 12
5.Chain Reactions 33 26 14 4 7 1 ] ] 4 0 1 11
6. MuclearWeapons
Basics 24 24 4 1 A 1 10 3 il 2 14
7. Tvpes of Muclear
Reactors 30 31 4 3 G 10 |3 7 o] 0 2 12
8. MNew ReactorDesign |24 27 8 ] 4 1 5 3] 0 2 18
9. Proliferation-Resistant
Reactors 27 26 G ] 4 1 1 7 4 0 2 16
10.Fuel Cycle (General) |33 33 15 2 G 10 |2 5 7 1 1 4
11.Fuel Cycle (esp.
Enrin:hrn:arrt.-’F'.eprn:u:re,ssi|'|g|]32 33 15 2 5 9 3 9 6 1 1 10
12 MuclearWaste 32 33 10 ] 2 1m0 1 G 3 1 1 11
13.Muclear Reactor
S afety/Accidents 30 24 4 3 4 1 ] 3] 2 1 2 16
14. Material Accountancy (25 28 12 4 5 a 13 a ] 2 1 17
15. Containment and
Surveillance 26 28 il 2 A 11 13 g ] 3 14
16.Physical Protection |26 25 a 3 G g 1 a 7 2 2 13
17.5afeguards
Instrumentation (Radiation|29 29 16 15 14 20 |23 a 4 1 1 12
Detectors)
18. S5afeguardsin
EnrichmentReprocessing |30 29 10 0 3 10 |8 g a 2 1 15
Facilities
19. Design Information 99 23 5 9 5 4 10 7 8 4 1 21

Werification (DIV)




Part 6: Pedagogical Approaches

. . (Engineers Technical material

In your opinion, Is It :& to a non-technical
easier to teach: (social science)
audience.

9%

Non-technical
material
(social science/
policy)to a
technical
audience.
91%




Preliminary Findings

e Sentiments

— Soclal Science:
e Technical material is still a challenge

— Technical:
 Strategic posture of nuclear weapons

— Both:

* Development of standard reference material
— Text
— Simulations

« Hands-on experience

e Interdisciplinary problem-based learning
(deliverable)




Preliminary Findings (2)

e Program Structures:
— Too many cooks...
» Academics vs. seasoned experience

— Accessibility of opportunities
* Follow-up to programs




30

20

Preliminary Findings (3)

« Program Structures

What do you feel is the ideal length for a
safeguards/nonproliferation course?

Social Science Physical Science Engineering Other:

Other
More than one semester-long
course

B Semester-long course
Formal Intense course ~ 1
month

B Formal short course < 1 week




Preliminary Findings (4)

« Program Structures
What would increase the exposure or ease of accessibility
of safeguards education? (Select up to three options)

Response

Social networking sites 1% Comments

Other 1%

Blog 2% e An accredited, non-sensitive, set of
- n - lab sponsored on-line course

A comprehensive reading list 8% work would be very helpful.

Courses offered by another 11%

educational institution, but e  Giving out money to pay for school

accessible to you is the most effective way (by far) to

Int hi 13% encourage students to pursue

nternships 0 nonproliferation/safeguards

Scholarship/Fellowship 14% education.

Conferences 15%

Summer course programs 15%

Courses offered by your educational 20%

institution
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