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INTRODUCTION 
A key challenge in the upcoming nuclear renaissance is in developing the next generation of nuclear nonproliferation safeguards experts. In addition to the overall aging of the civilian nuclear workforce, there exists a critical need to develop the next generation of safeguards experts. Until recently, few programs have existed at the university level to facilitate this process; rather, much of the training has occurred through institutions such as the national laboratories and the International Atomic Energy Agency (IAEA).
Oak Ridge National Laboratory (ORNL) is actively involved in the process of developing the next generation of safeguards experts. Recent work has focused on direct outreach with universities through the development of a safeguards education curriculum prototyped at North Carolina State University (NCSU), a course focused on nonproliferation policy offered at the University of Tennessee, Knoxville (UTK), and various short courses and intensive workshops held at ORNL that were designed to engage university students.

This paper details efforts at integrating laboratory safeguards expertise into a new academic curriculum.

Shorts Courses and workshops
ORNL has hosted several short courses and workshops on nuclear safeguards and nonproliferation. A notable example is the 2008 workshop, “The Coming Nuclear Renaissance for the Next Generation of Safeguards Experts.” More than 100 individuals were present at the workshop, 26 of whom were university students and professors.

In addition, several short courses on safeguards techniques have been hosted at the safeguards laboratory, including such techniques as holdup measurements, enrichment verification, and other material assay techniques used for safeguards. The short courses capitalized on the unique expertise and facilities present at the laboratory to enrich university safeguards education.

In 2005 ORNL began a summer lecture series featuring experts in nuclear fuel cycle, safeguards, safety, and physical security and encompassing both domestic and international perspectives. The lecture series was designed to reach a large number of university students present for summer internships at the laboratory, including students from across the United States and universities abroad.
In 2010, the American Nuclear Society student chapter at ORNL conducted a workshop for teachers.  The workshop, “Developing Next Generation Safeguards and Security Specialists,” focused on topics such as the primary components of nuclear nonproliferation, the major activities and tasks of a safeguards and security system, and activities and tasks common among the primary components.  

Future proposed activities include a one-day workshop on nonproliferation, safeguards, and security for the Baker Center Scholars at UTK. The audience would consist of policy-focused undergraduates with a limited technical background.

university safeguards courses
A pilot course in nuclear nonproliferation and safeguards was conducted at NCSU as a part of a joint collaboration with ORNL. Similar courses have been introduced at UTK, Georgia Tech, and the University of Michigan.

Designed to engage students in both nuclear engineering and policy-focused disciplines, the course consisted of an introduction to basic nuclear fuel cycle technologies (such as fuel enrichment, fabrication, and reprocessing); safeguards technologies and techniques for nuclear material detection; and relevant policies governing the nonproliferation regime, including the Nuclear Nonproliferation Treaty (NPT), Additional Protocol, and other international agreements. Several experts from ORNL gave guest lectures at NCSU as a part of the course, covering such topics as IAEA inspections, physical protection, and material control and accounting. As a part of the course, students spent a week at ORNL at the safeguards laboratory, learning about material detection from safeguards experts and gaining hands-on experience with experimental techniques used for safeguards measurements.
Additionally, through a partnership among ORNL, the Baker Center at UTK, and the Y-12 National Security Complex, a semester-long graduate-level course has been developed with Ambassador Thomas Graham, covering such topics as international law, arms control, the history of nuclear weapons proliferation, and international regimes to prevent proliferation. A capstone exercise in the course involves a simulated negotiation surrounding a salient contemporary issue, such as reconciliation of North Korea into the NPT, Iran’s nuclear program, or 
final negotiations over the Comprehensive Test Ban Treaty.
Potential areas for expansion
Several areas have the potential to expand upon current university outreach activities coordinated by ORNL. In particular, there exists a great potential to make use of distance-learning technologies in order to capture lectures by ORNL experts and to distribute them to university programs across the nation. Follow-up sessions could then be conducted via remote videoconferencing, thus extending the reach of ORNL experts at minimal additional cost. 

In addition, an initiative is currently being developed at ORNL to collect and standardize the safeguards curriculum developed with NCSU in order to help develop safeguards courses at a wide variety of universities with nuclear engineering programs. Coupled with the use of remote videoconferencing and distance-learning technologies, a standardized curriculum could extend the reach of ORNL safeguards experts to a national audience of university students, thus affording opportunities for safeguards education that might otherwise be logistically infeasible. 
