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Abstract. Strengthening the international safeguards system is a key element of the U.S. non-proliferation 

policy agenda as evidenced by President Obama‟s call for more “resources and authority to strengthen 

international inspections” in his April 2009 Prague speech. Through programs such as the recently-launched 

Next Generation Safeguards Initiative (NGSI) and the long standing U.S. Program of Technical Assistance 

to IAEA Safeguards, the United States is working to implement this vision. The U.S. Department of 

Energy‟s National Nuclear Security Administration launched NGSI in 2008 to develop the policies, 

concepts, technologies, expertise, and international safeguards infrastructure necessary to strengthen and 

sustain the international safeguards system as it evolves to meet new challenges. Following a successful 

2009, NGSI has made significant progress toward these goals in 2010. NGSI has recently completed a 

number of policy studies on advanced safeguards concepts and sponsored several workshops, including a 

second international meeting on Harmonization of International Safeguards Infrastructure Development in 

Vienna. The program is also continuing multi-year projects to investigate advanced non-destructive assay 

techniques, enhance recruitment and training efforts, and strengthen international cooperation on 

safeguards. In December 2010, NGSI will host the Third Annual International Meeting on International 

Safeguards in Washington, DC, which will draw together key stakeholders from government, the nuclear 

industry, and the IAEA to further develop and promote a common understanding of Safeguards by Design 

principles and goals, and to identify opportunities for practical application of the concept. This paper 

presents a review of NGSI program activities in 2010 and previews plans for upcoming activities. 

 

1. Introduction 
 

The strengthening of the international safeguards system is a vital component of the U.S. nonproliferation 

policy agenda. In his first major foreign policy speech in Prague on April 5, 2009, President Obama called 

for “more resources and authority to strengthen international inspections”. The Administration‟s April 2010 

Nuclear Posture Review prioritized efforts to bolster the nuclear non-proliferation regime, including by 

“strengthening IAEA safeguards and enforcing compliance with them” [1]. And in September 2010, in his 

message to the 54
th
 IAEA General Conference, President Obama again called for added resources and 

authorities for the IAEA [2]. 

 

The National Nuclear Security Administration‟s (NNSA) Office of Nonproliferation and International 

Security (NIS) is implementing the Next Generation Safeguards Initiative (NGSI) to support these goals 

and to address key short- and long-term safeguards priorities. Now in its third year complementing the U.S. 

Program of Technical Assistance to IAEA Safeguards, NGSI is developing the policies, concepts, 

technologies, expertise, and international safeguards infrastructure needed to respond to increasing 

challenges to an evolving international safeguards system. 

 

To illustrate NGSI‟s active, leading role, this paper identifies its recent accomplishments and ongoing work 

in five of the most pressing long-term priority areas for international safeguards: (1) the transition to 

information-driven safeguards; (2) the widespread implementation of Safeguards by Design (SBD); (3) the 

revitalization of a human capital base; (4) the strengthening of State Systems of Accountancy for and 

Control of Nuclear Materials (SSACs); and (5) the implementation of improved concepts, approaches, and 

technologies for process monitoring. 

 

2. Strategic Safeguards Priorities: NGSI Accomplishments and Progress 



 
 

 

Within each of the identified strategic priority areas, the following sections provide an overview of NGSI 

progress and accomplishments in the past few years and highlight some planned activities for FY 2011 and 

beyond.  

 

2.1. Supporting the Transition to Information-Driven Safeguards 
 

In order to provide credible assurance that States are fully compliant with their non-proliferation 

obligations, the IAEA is transitioning from a safeguards approach that relies primarily on nuclear material 

accountancy data at the facility level to a State-Level Approach (SLA) that takes into account all 

information available on the state as a whole. This „information-driven‟ safeguards (IDS) approach 

combines physical verification using state of the art equipment and methodologies with enhanced analysis 

of all information available to the Agency, which will help ensure credible conclusions about whether 

states are complying with their respective safeguards agreements. Ultimately, IDS will improve the 

efficiency and effectiveness of international safeguards. 

 

The transition presents a number of challenges to the Agency, including ensuring that the level of 

confidence in safeguards conclusions is not compromised as some on-site verification work is redirected to 

IAEA headquarters. Moreover, while IDS is designed to make use of cost-saving measures where 

applicable and appropriate, in the short-term the approach adds to the investigative, analytical, and 

verification activities the Agency must perform (particularly at IAEA headquarters vice in the field); 

expands the set of skills needed by IAEA staff; and requires an effective information management system 

to serve as the basis for optimizing the deployment of IAEA inspection resources to best accomplish 

safeguards objectives.  

 

In support of the transition to IDS, NGSI has recently commissioned studies and projects related to how the 

IAEA: 1) allocates limited safeguards resources; 2) collects information (particularly through inspections 

and state declarations) 3) analyzes information from open sources; 4) evaluates compliance with safeguards 

agreements; 5) reports to Member States on the implementation of safeguards agreements; and 6) can use 

resources in the field more efficiently through remote transmission of operator data to IAEA headquarters. 

Particular highlights in 2010 include studies on the IAEA‟s safeguards budget, improving the Department 

of Safeguards‟ reporting to member states, and making use of “information driven inspections.”  

 

NGSI sponsored two budget studies by the DOE/NNSA National Laboratories: one that focuses primarily 

on the Agency‟s needs associated with human resource requirements in the short term, and another that 

projects IAEA safeguards costs from 2010 to 2030. The first study concluded that the increased costs of 

new IAEA Headquarters human resource requirements to implement IDS will likely exceed the savings 

from the reduction in field efforts as a result of Integrated Safeguards (IS), and recommends new funding 

for additional country officers, open source analysts and requisite training. The second study found that 

given current projections for growth in the nuclear industry, the IAEA‟s Department of Safeguards‟ 

mandated responsibilities will quickly outstrip its resources and continue to do so, barring significant 

increases in its regular budget. In his opening remarks on September 20, 2010 to the IAEA General 

Conference, Director General Amano noted that the Agency‟s preparations for the 2012-2013 budget will 

“take into account, on the one hand, concerns expressed by Member States about the difficulty of funding 

the Agency´s activities at a time of serious financial constraints and, on the other hand, the need to address 

growing demands for new priority activities.” It is our hope that the NGSI budget studies will help identify 

these new priorities. 

 

Another major effort for NGSI in 2010 is a project to demonstrate how the IAEA‟s Standing Advisory 

Group on Safeguards Implementation (SAGSI) recommendations to improve the clarity and transparency 

of the Agency‟s annual Safeguards Implementation Report (SIR) could be implemented by the IAEA. In 

collaboration with safeguards experts with extensive experience at the Agency, a DOE/NNSA National 

Laboratory team has developed a new software model to organize the vast amounts of information 

considered by safeguards country officers, simplify state-by-state reporting and trend analysis through 

graphical tools, and clarify concerns and outstanding issues that come up during the course of safeguards 

implementation. This project ultimately addresses two separate but compatible challenges facing the IAEA: 

a need to better capture and organize the increasing amounts of information within the Department of 

Safeguards and a need to improve the clarity, breadth, and transparency of the reports that the Department 



 
 

disseminates to member states. 

 

Also of note, NGSI commissioned a DOE/NNSA National Laboratory study on “information-driven 

inspections” that illustrates how the IAEA could make use of remotely transmitted operator data from 

continuous, unattended monitoring systems (e.g., from load cells and accountancy scales at gas centrifuge 

enrichment plants), and other information sources to enhance and optimize scheduled and randomized 

short-notice safeguards inspections. This information-driven inspection approach aligns with the IAEA‟s 

evolution towards information-driven safeguards and the concept could be applied at reprocessing, as well 

as enrichment, plants [3]. 

 

2.2. Advancing the Concept of Safeguards by Design (SBD) 
 

A major objective of the Concepts and Approaches subprogram of NGSI is to advance and institutionalize 

the concept of Safeguards by Design (SBD). Nuclear facility designers and operators have traditionally 

added safeguards features to their plants following completion of the facility design or construction, often 

through costly and inconvenient retro-fitting. Under the SBD concept defined by the IAEA, key 

stakeholders (States, industry, and the IAEA) would begin discussions early in the conceptual design phase 

of a new nuclear facility so that international safeguards measures would be fully integrated into the design 

process from the initial planning through construction, operation, and decommissioning. SBD will help 

operators avoid costly and time-consuming redesign efforts, save the IAEA time, money and effort, and 

ultimately enhance the effectiveness and efficiency of safeguards implementation.  

 

NGSI is developing SBD guidance in parallel to efforts at the IAEA, taking into account the Agency‟s 

achievements and future plans. Recent activities included the preparation of studies on lessons learned, 

model facility-specific SBD guidance documents, engagement with industry, and collaboration with the 

IAEA on preparing authoritative guidance documents. In FY 2010, NGSI focused on the preparation of 

model SBD guidance documents for uranium enrichment facilities, Gen III light-water reactors (LWRs) 

and the U.S. Department of Energy Next Generation Nuclear Plant (NGNP) gas reactor, in consultation 

with industry and the IAEA. NGSI also opened a dialogue with companies that are currently planning, 

designing, or building new uranium enrichment facilities in the United States, as well as those interested in 

advanced reprocessing and reactor technologies [4]. These discussions led to sharing preliminary SBD 

guidance based on IAEA inspector experience as well as gathering industry feedback.  

 

Initial international efforts to develop the SBD concept [5] led to two key recommendations: that the IAEA 

continue engaging all stakeholders in the Safeguards by Design process and that expert working groups be 

created to develop Safeguards by Design principles according to facility type. In pursuit of these objectives, 

NGSI‟s SBD analysis and engagement efforts will be the focus of the Third International Meeting on Next 

Generation Safeguards, which will take place in Washington, D.C. in December 2010. This meeting will 

draw together international stakeholders to develop and promote a common understanding of Safeguards 

by Design principles and goals and to identify opportunities for practical application of the concept. The 

meeting will convene plenary sessions to review lessons learned on four types of nuclear facilities: nuclear 

reactors, enrichment, fuel fabrication, and reprocessing. During technical working group sessions focused 

on these specific facility types, meeting facilitators will document discussions on best practices, advanced 

concepts, and innovative designs that facilitate the implementation of international safeguards. The record 

of these discussions will be used to assist the IAEA in developing guidance for designers, operators, and 

regulators in applying the concept of Safeguards by Design. 

 

2.3. Revitalizing the Human Capital Base for International Safeguards 
  

The capacity of the international safeguards system to confront a growing workload and increasing 

complexity is further strained by an aging human capital base. In 2008, an IAEA report noted that fewer 

than 20 percent of the IAEA‟s safeguards inspectors were under 40 years old [6]. The same year, IAEA 

officials estimated that more than a third of senior IAEA staff were expected to retire by 2011 and more 

than half by 2013 [7]. The United States confronts the same problem; a recent survey of safeguards 

specialists in the United States revealed that less than 20% of self-identified specialists were 44 years of 

age or younger, while 41% were 55 or older [8]. Moreover, the United States is projected to lose 

approximately 80% of its current international safeguards specialists to retirement and resignations during 

the next fifteen years [9]. Broad, systematic efforts are needed globally to recruit and train the next 



 
 

generation of international safeguards specialists. 

 

Under its Human Capital Development sub-program, NGSI is working to revitalize and expand the 

international safeguards human capital base in the United States. Specific objectives include: 1) developing 

and implementing a human capital management strategy to provide qualified U.S. candidates to staff 

international safeguards positions in U.S. national laboratories, the U.S. government, and the IAEA 

Department of Safeguards; 2) recruiting highly qualified U.S. candidates to work at the IAEA; and 3) 

working to influence IAEA personnel policies and practices to encourage greater continuity in key 

positions. 

 

While NGSI HCD is oriented towards U.S. domestic efforts, its underlying purpose is international. This 

initiative cannot succeed as a purely domestic effort. Rather, U.S. efforts are intended to serve as a catalyst 

for a much broader commitment to international safeguards in partnership with the IAEA and other 

countries. Only by combining U.S. technical and scientific assets with the resources of international 

partners will we be able to keep pace with emerging safeguards challenges.  

 

The emphasis in the NGSI HCD subprogram, at least in its initial years, has been on university programs, 

especially at graduate levels among technical disciplines. Internship, course, and instructional opportunities 

and the fellowship programs are all intended to attract the best and the brightest students to the non-

proliferation and safeguards fields, at the point when it is possible to influence initial career path decisions. 

Greater emphasis on mid-career technical development and training will complement this initial 

programmatic emphasis. Thus, the NGSI HCD programs will emphasize career paths and long-term 

engagement in a large field in which personnel will wear “multiple hats” and support many projects over 

many years. 

 

During the last two years NGSI sponsored more than 150 summer interns representing more than 70 

universities at nine DOE National Laboratories to work on technical and policy safeguards projects in 

support of NNSA's safeguards mission. The range of the effort expanded in both FY-2009 and FY-2010, 

and is expected to develop further in FY-2011. Current efforts include: student engagement and educational 

support including NGSI Summer Safeguards Internships and NGSI Graduate Fellowships; university 

engagement and academic program development, including university and service academy faculty 

development and academic course development; technical professional development, including safeguards 

training and cost-free expert assignments at IAEA; and support for NGSI safeguards post-doctoral fellows 

(post-doctoral and highly-qualified M.S. and M. Engineering graduates) at the National Laboratories. 

  

Two new projects include sponsorship of graduate fellowships and a nonproliferation workshop to 

strengthen National Laboratory-university partnerships. The fellowship program, which will cover 1-4 

years of study, will target graduate students in nuclear engineering and related technical disciplines 

specializing in nonproliferation and international safeguards. The program will pay student tuitions, 

administer monthly stipends, and coordinate National Laboratory-based summer practicums. Funding for 

the first class of ten fellows began in early September 2010. 

 

As important as university engagement is to the Human Capital Development subprogram, NGSI 

management recognizes that many safeguards professionals enter the field after they have started their 

careers. Accordingly, NGSI is also supporting professional development programs at several National 

Laboratories to help attract and introduce early and mid-career professionals to the nuclear safeguards field. 

 

2.4. Strengthening State Systems of Accounting for and Control of Nuclear Material (SSACs) 
 

A State System of Accounting for and Control of Nuclear Material (SSAC) institutionalizes the 

responsibilities and actions required for a state to fulfil its IAEA safeguards obligations. This includes 

creating the overall legal structure, making organizational arrangements; developing and implementing 

nuclear material accountancy and control processes; ensuring provision of information, reports, and 

declarations; and facilitating IAEA verification of the State‟s activities. As the IAEA continues to move 

towards Information-Driven Safeguards, the role of SSACs in facilitating new inspection activities and 

more effective cooperation with the IAEA becomes increasingly critical to the achievement of safeguards 

objectives. For a state, a strengthened SSAC will benefit both internal nuclear regulatory and management 

infrastructure development through less burdensome IAEA inspections and international confidence-



 
 

building. Improved SSACs will likewise benefit the IAEA, resulting in more efficient inspection activities 

that allow the IAEA to make better use of its limited resources.  

 

Under the NGSI International Safeguards and Engagement (INSEP) sub-program, the United States works 

directly with IAEA Member States to support the implementation of international safeguards at all stages 

of development. Recently, NGSI launched an effort to better define, evaluate, and improve SSACs. 

Because what is adequate and effective for one state may not be sufficient for a state with different fuel 

cycle infrastructure, NGSI has established a framework to categorize different model SSACs and define 

corresponding measures of effectiveness. Within each of the general competency areas that make up 

SSACs—including legal and regulatory competence, information management, nuclear material 

measurement, and facility oversight—we are working to define best practices for the effective 

implementation of safeguards. Such guidelines will serve as the basis for training objectives and wider 

dialogue with member states and the IAEA, as well as benchmarks to measure the improvement of an 

SSAC over time. 

 

Presently, INSEP outreach on SSACs concentrates on states that have a Comprehensive Safeguards 

Agreement with the IAEA in force and have either credible plans for new nuclear power in the near future 

or are already operating power plants and potentially exploring other areas of the fuel cycle. NGSI outreach 

helps states that are expanding their nuclear programs to work more effectively with evolving, 

increasingly- complex international safeguards measures, thus benefiting both the state and the IAEA. In 

FY 2010, NGSI sponsored bilateral and multilateral safeguards training courses to strengthen SSACs for 

over twenty different countries, as well as technical collaborations to address nuclear material accounting 

and control issues at nuclear facilities in ten different countries and regional inspectorates. NGSI also 

began testing two next-generation safeguards technologies developed in the U.S. National Laboratories in 

an operating facility of an international partner.  

 

In the coming years, NGSI looks forward to transitioning more effective, efficient and novel safeguards 

technologies into operating facilities of our international partners. NGSI will expand its cooperation with 

newcomer states establishing the infrastructure for the effective implementation of IAEA safeguards, and 

will continue to work with its international partners and the IAEA to resolve nuclear material accountancy 

and control issues at facilities around the world.  

 

2.5 Process Monitoring 
 

The existence of large throughput nuclear facilities in non-nuclear weapon states poses a unique set of 

challenges for the IAEA, which must design effective safeguards measures to detect abrupt diversion. 

Process monitoring, which consists of utilizing process control measurements to detect abnormal plant 

operation, is used in safeguards systems as an additional measure to complement nuclear material 

accountancy. Two significant challenges for the future use of process monitoring are 1) quantifying the 

contribution it provides in addition to material accountancy alone, and 2) reducing inspector time required 

to evaluate process monitoring data. Additionally, in the future, enhanced process monitoring is expected to 

include greater use of the plant operator‟s process control data, and will thus need to overcome concerns 

with proprietary privilege as well as a commensurate increase in IAEA inspector time performing 

evaluation. 

 

To address these needs and challenges, NGSI is focusing on the development of diversion path scenarios, 

advanced detection algorithms, advanced instrumentation, and authentication techniques for process 

monitoring. Diversion paths of significance form the basis for development of the advanced detection 

algorithms. With these algorithms, the detection probability for diversion using process monitoring with 

materials accountancy can be compared to that of material accountancy alone. NGSI is currently 

developing detection algorithms based on specific diversion paths for PUREX reprocessing facilities. The 

advanced instrumentation development task is focused on on-line non-destructive analysis and data 

authentication, where the authentication effort concerns the evaluation of concepts for the IAEA‟s 

authentication of data derived from the operator‟s process control instrumentation. 

 

 

 

 



 
 

3. Conclusion 
 

The IAEA safeguards system is confronting a growing imbalance between workload and resources. In 

order to cope with its evolving mandate while also fulfilling its critical safeguards mission, the IAEA will 

be increasingly compelled to plan and act in a strategic manner. Challenges such as the emergence of large 

throughput nuclear facilities in NNWS and the imminent retirement of a substantial fraction of the world‟s 

safeguards experts necessitate solutions that involve sustained and large-scale efforts over long time-

horizons. As this review of priorities and ongoing efforts has demonstrated, NGSI is well-positioned to 

assist the IAEA in addressing such strategic safeguards priorities. While the initiative is primarily aimed at 

reinvigorating the U.S. domestic base, technologies and ideas developed under the auspices of NGSI are 

ultimately designed to strengthen the IAEA and international safeguards. As the 2010 Nuclear Posture 

Review states, “the U.S. Next Generation Safeguards Initiative will assist the IAEA to confront new 

challenges far into the future by helping develop the tools, authorities, capabilities, technologies, expertise, 

and resources needed to meet current and future safeguard challenges” [10]. NGSI is making solid and 

consistent progress to contribute to the achievement of this important goal.  
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