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Abstract. As the benefits of extending the safe operating life of nuclear power plants has become more evident, 
so has the need to increase international cooperation in reactor aging management research. This paper describes 
how individuals and organizations from Asia, Europe, and North America teamed to create the International 
Forum for Reactor Aging Management (IFRAM). The mission of IFRAM is to facilitate the appropriate 
exchange of information among those parties and organizations around the world that are presently, or are 
planning to, address issues of nuclear power plant (NPP) systems, structures and components aging 
management. The main purpose of this paper is to describe the steps to success in creating IFRAM. The desired 
attributes, charter, and operational methods of IFRAM are described and the key contributors for creating 
IFRAM are identified. 

1. Need 

There are currently about 440 plants in the global nuclear power fleet. These were developed with 
plant design lives that were typically either 30 or 40 years. In the USA, which has many of the older 
plants, a process has been developed to enable operators to seek a 20-year license extension, providing 
operation from 40–60 years, and nine plants are in the initial (i.e., 40–60 years) period of extended 
operations (1PEO). Of the 104 U.S. plants, to date 71 plants have been granted a license extension, 
and the majority of the remaining plants are expected to seek at least an initial 20-year extension. In 
looking to meet future energy demand, two delayed plants are being completed by the Tennessee 
Valley Authority (TVA); construction has been approved for two Westinghouse AP-1000 plants at the 
Vogtle site; and, combined operating licenses (COL) have been granted for two new plants at the V.C. 
Summer site.  

At the same time as new plant construction was being resumed in the USA, increased attention was 
turning to consider the feasibility of extended operating periods for the legacy fleet (beyond 60 years). 
Areas being considered include any additional refurbishments or modifications that will be needed to 
ensure safe operation through the end of a second license extension. 
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Reactor performance has, in general, been limited by materials issues. Aging and degradation 
mechanisms are usually classified into two main categories: (1) those that affect the internal 
microstructure or chemical composition of the material and thereby change its intrinsic properties 
(e.g., thermal aging, creep, irradiation damage), and (2) those that impose physical damage on the 
component either by metal loss (e.g., corrosion, wear) or by cracking or deformation (e.g., stress-
corrosion, deformation, cracking). The phenomenon of aging degradation in nuclear power plants 
(NPPs) is complex and requires sophisticated, state-of-the-art science and technology procedures to 
monitor and track phenomena and effectively ensure continued safe and reliable operation. An 
effective aging management program (AMP) and measurement system is needed to correctly 
implement mitigation and/or monitoring actions. 

Material degradation phenomena are, in many cases, based on longer-term interactions which may not 
necessarily represent an immediate challenge to safety. However, impact on system efficiency 
(capacity factor), costly unplanned outages, and reduction of safety margins should not be ignored. As 
plants continue to age, more proactive approaches are being proposed, representing a fundamental 
change from most current inspections that are reactive and based on find-and-fix.  

Since the start of the operation of plants in the current light water reactor (LWR) fleet, new 
degradation processes have appeared on average at a rate of once every seven years. To address these 
issues in support of NPP license renewal over the past decade, various national and international 
programs have been initiated and major reports and data bases developed – e.g., Generic Aging 
Lessons Learned (GALL) Report, Proactive Materials Degradation Assessment Expert Panel, Electric 
Power Research Institute (EPRI) Issues Management Tables (IMT) and Materials Degradation Matrix 
(MDM) [1-4]. The International Atomic Energy Agency’s (IAEA) PLiM (Plant Life Management), 
OECD Nuclear Energy Agency’s (NEA) Committee on the Safety of Nuclear Infrastructure (CSNI), 
European Groups through the NULIFE Program, the Materials Aging Institute (MAI) in France, 
proactive management of materials degradation (PMMD) Programs in the USA, Japan and Korea, and 
a number of other countries are all recognizing the challenges faced in LTO for NPP [5]. 

It was recognized that the global nuclear power community faced challenges in meeting the need to 
determine the feasibility of extended operation (which in the USA is from 40–60 years, and now 
considering the 60–80 year period). These challenges fall into three classes: technical issues, the 
limited availability of technical experts and research facilities, and limited funding for the needed 
research and development (R&D). However, if those organizations around the globe who are 
independently working on aging management issues were to cooperate and pool their expertise and 
resources in addressing common needs in this area, they would gain mutual benefits. Furthermore, a 
network of organizations working cooperatively would have far more resources available than any one 
organization could devote to aging management issues. Multiple organizations working cooperatively 
could pool intellectual talent, avoid redundant efforts, and ensure that more issues could be addressed 
in a timely manner. 

2. IFRAM Secretariate leadership 

The NRC contracted with the Pacific Northwest National Laboratory (PNNL) to support development 
of an international forum. PNNL established a web site, facilitated workshops, and worked with NRC 
to develop and implement the strategy for involving others.  

3. Strategy for moving forward 

When activities started in 2008 to move towards greater international cooperation in this area, there 
were already individual national and international activities focused on specific managing materials 
degradation in NPPs. However, there was no overarching mechanism available to bring together 
participants in those activities and provide coordinated information exchange and prioritization of 
materials aging management topics. A strategy was developed for involving a number of key 
international contributors in the process of defining, organizing, and implementing a “forum.” Three 
stages were used to facilitate the creation and operation of what eventually became IFRAM: 
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Stage #1: Establish individual-to-individual relationships to create a shared vision of an international 
forum. Build the trust needed to work together across many boundaries. Once international experts 
agreed on the need for and benefits of a forum, they became catalysts within their organizations and 
countries. 

Stage #2: Use individual-to-organization relationships to gain organizational commitments to 
participation in support of an international forum.  

Stage #3: Build organization-to-organization relationships within the network/forum to conduct joint 
projects, evaluate and share results, and identify new efforts. Work jointly to define the organization 
and operation of the group, which became IFRAM.  

4. Benefits of cooperation 

Major benefits would be the leveraging of investments, avoiding unnecessary duplication of effort, 
and moving toward adoption of best practices. Benefits of cooperation are available through sharing, 
saving, increasing, and targeting: 

Sharing: ideas, knowledge, identification of high-priority problems, how to derive knowledge, trends 
and directions, access to historic data, lessons learned, best practices, skills, expertise, access to 
experts, access to shared facilities, data including materials data, problems and accidents information, 
information on successful proactive actions, regulations, program information—who is doing what, 
newest technology, standards, facilities and infrastructure.  

Saving: time, effort, and money – doing more with less and doing it better! Better coordination among 
programs means savings. 

Increasing: use of successful practices, quality of outcomes, degree of consensus on issues, value of 
national programs, shared resources, cooperation, and innovation. 

Targeting: key technical areas such as 1) critical aspects of materials and their degradation 
mechanisms, including potential future degradation in operating plants; 2) improving the effectiveness 
of in-service inspection (ISI), condition-based maintenance (CBM), and on-line monitoring and 
prognostics (OLMP); 3) probabilistic risk assessments to support reactor aging management; and 
4) development of new and improved mitigation and repair strategies and their potential effects on ISI, 
CBM, and OLMP. 

 
Many countries have national programs and international agencies have activities that address aging 
management: United States, Japan, Korea, France, Russia, Sweden, Taiwan, Organisation for 
Economic Co-operation–Nuclear Energy Agency (OECD-NEA), IAEA, European Union/European 
Commission (EU/EC), and others. Participation benefits could be increased by having people from 
various national programs work together to identify the high-priority aging management research 
topics. Research would include analytical, computational, and tool-building activities that would be 
listed in some agreed-upon categories. Cooperating on this work would provide the mechanism for 
minimizing unnecessary duplication of efforts. The listing would note near-, medium-, and long-term 
efforts and aid in finding partners for cooperation. This listing would also provide a starting point in 
developing plans for aging management research nationally and globally [5]. 

5. Proposal for international forum 

A mission for a forum was clearly stated as: to facilitate the appropriate exchange of information 
among those parties and organizations around the world that are presently, or are planning to, 
address issues of nuclear power plant (NPP) systems, structures and components aging management.  
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This mission statement became the basis for a proposal for the “International Forum for Reactor Aging 
Management (IFRAM)” [6].  It was written to describe the idea and the benefits of implementing it. 
The proposal described what the international forum would do, how it would function, and who would 
benefit from its operation. A website was put on-line (http://ifram.pnnl.gov) to make it easier to view 
the proposal and other documents. 

6. Engagement workshops 

The proposal for creating IFRAM was distributed to obtain feedback. It was formally presented and 
discussed at Engagement workshops held in Seoul, Korea (October 2009) and Petten, The Netherlands 
(May 2010). Regional leaders worked to plan and conduct each workshop. Dr. Ill Soon Hwang hosted 
the first workshop at Seoul National University [7]. Dr. Oliver Martin hosted the second workshop at 
the Joint Research Centre of the European Commission [8]. 

Participants in both groups demonstrated strong interest in the creation of IFRAM. Therefore, a Global 
Steering Committee was formed to plan and carry out the start-up of IFRAM.  

7. Global Steering Committee 

The charge to the Global Steering Committee (GSC) was to carry out all activities necessary to 
establish IFRAM. The committee began its work in July 2010 with the goal of formally establishing 
IFRAM within 18 months. When IFRAM became operational, the GSC would transition into the 
IFRAM structure and its members would join in the support of IFRAM’s mission. 

The GSC consisted of 15 members from Asia, Europe, and the Americas; and there were 
representatives from both the IAEA and the NEA. Members (see Table I) were selected to represent 
the diversity of organizations interested in safe long-term operation, including fleet operators, 
government agencies, academics, technical support organizations, vendors, and others. Committee 
members volunteered their time and resources. PNNL was the GSC’s Secretariat to facilitate activities 
and ensure the results were documented and disseminated.  

The GSC prepared three important documents for creating IFRAM: Desired Attributes, Charter, and 
Operational Guidelines.  

Table I. Members of the Global Steering Committee 

Members Affiliation 

Bieth, Michel (represented by Oliver Martin)  Joint Research Centre, European Commission  
Blahoianu, Andrei  Canadian Nuclear Safety Commission  
Bond, Leonard  Pacific Northwest National Laboratory (GSC Secretariat)  
Brumovsky, Milan  Nuclear Research Institute Rez  
Carpenter, C.E. (Gene)  U.S. Nuclear Regulatory Commission  
Han, En-Hou  Institute of Metal Research, Chinese Academy of Sciences 
Huerta, Alejandro  Nuclear Energy Agency  
Hwang, Il Soon  Seoul National University  
Kain, Vivekanand  Homi Bhabha National Institute, Mumbai Head, Corrosion 

Science Section  
Kang, Ki-Sig  International Atomic Energy Agency  
Van der Lee, Jan Materials Aging Institute  
Reister, Richard  U.S. Department of Energy  
Rintamaa, Rauno  NULIFE (now NUGENIA) 
Shoji, Tetsuo  Tohoku University  
Tilley, Richard  Electric Power Research Institute  
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7.1. Desired attributes document 

If IFRAM has the proper attributes [9], it will be able to achieve its mission and purpose in an 
efficient, timely manner. It is the goal of IFRAM to seek these desired attributes and over time they 
will become IFRAM’s hallmarks. 

Focused: Be aware of emerging concerns and intentionally concentrate on the most urgent things. 
IFRAM works to build consensus among participants on issues and actions. It encourages existing 
cooperative efforts and develops cooperation on other high-priority issues. The focus on issues of 
common interest speeds work, reduces costs, and increases the value of results. 

Open: Open participation to all individuals, groups, and organizations with interests in reactor aging 
management. IFRAM has a place for individuals, groups, and organizations to participate. It expects 
all participants to share the responsibility, be accountable, provide resources, and receive important 
benefits. 

Independent: Not subject to control by others. IFRAM sets its own directions. It is not led by any one 
person, group, or organization. It is not regulatory-led, utility-led, university-led, etc. It is free to reach 
across numerous organizational boundaries to forge cooperative efforts. 

Virtual : Exists virtually in form and work methods—not located in any one place. IFRAM uses virtual 
co-location of project staff, resources, and results. It makes extensive use of emails, conference calls, 
on-line meetings, websites, web conferencing, and other internet tools to facilitate work. It works with 
existing entities and planned activities to promote global cooperation on reactor aging management. 
This includes taking advantage of hosting meetings in conjunction with meetings planned by other 
groups. The activities are adjunct to these efforts or even made a planned part of them. 

Technical: Known to have and use special practical knowledge to address issues. IFRAM aims to 
build its reputation as “the source” of knowledge and expertise and “a thought leader” in the field of 
plant life management for nuclear power plants. It provides leadership in consolidating available 
information, coordinating activities, and bringing together different national and regional views on 
topics. It harmonizes agreed-upon best practices and forms technical focus groups to address high-
priority issues. IFRAM is a leader in qualifying data. 

Resourceful: Capable of devising ways and means to be successful. IFRAM invites participants to 
provide resources including funding for its activities. It pursues the role of building cooperation, but it 
does not enter role of funding projects and activities. It is not a funding agency. It promotes projects 
that involve large sums of money, but it does not control a budget for the work. IFRAM uses the 
existing global talent pool and encourages knowledge transfer to emerging technical experts. This 
approach helps IFRAM to achieve its objectives. Since participants organize and lead activities, 
IFRAM does not maintain a staff. It capitalizes on participants with interest, initiative, ideas, and 
resources to make things happen. Leadership roles are assigned to those who are willing to support the 
mission. 

Flexible: Capable of quickly adapting to new, different, or changing requirements. IFRAM is nimble 
in planning, decision-making, and taking actions. Its flat organization structure makes it possible to be 
quick in cooperating with others. 

Sharing: Appropriately distributes the benefits of cooperation to participants. IFRAM promotes the 
sharing of ideas and innovation; knowledge, data–trend, and directions; plus historic data; high-
priority issues; lessons learned; and best practices including information on successful proactive 
actions. It communicates 1) information on skills and expertise—who is doing what and where, 
2) information on facilities—newest technologies and capabilities, and 3) changes in standards and 
codes. 
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Beneficial: Provides advantages to all who participate. The cooperation IFRAM facilitates provides 
benefits not readily achievable by working independently. It gives participants opportunities to save 
time, effort, and money. Advancing plant life management methods provides gains in regulatory 
efficiency, which in turn delivers large economic savings.  

7.2. Charter document 

The Charter [10] describes why IFRAM is advantageous, points to its benefits, and describes the 
organization for how it is to function. IFRAM uses a Leadership Council with regional leaders. Focus 
groups are established to address technical issues. The Charter provides IFRAM with the format and 
flexibility necessary to: 

— Strengthen regional, and build global, networks;  
— Facilitate the development and sharing of data, information and best practices; and, 
— Identify opportunities to leverage resources to accomplish technical and operational objectives. 
 
7.3. Guidelines for operation document 

The guidelines [11] indicate the types of IFRAM activities, when they will be conducted, and how 
they will be managed. The guidelines show how interested parties from around the globe can 
participate and benefit from their participation. 

8. Inaugural meeting of IFRAM 

The GSC made the plans and arrangements for the Inaugural Meeting of IFRAM, which was held on 
August 4–5, 2011, at the Cheyenne Mountain Resort in Colorado Springs, Colorado [12] was hosted 
by the NRC. The objectives were to: 

— Affirm the purpose, nature, benefits, and working aspects of IFRAM. 
— Hear regional reports on present and future IFRAM activities in Asia, Europe, and the 

United States. 
— Initiate some technical focus groups to address important reactor aging management issues. 
— Stimulate the development of collaborative efforts to address R&D on reactor aging 

management issues. 
— Affirm organization and leadership for the next year. 
— Review calendar of IFRAM-related events and activities.  
 
The IFRAM Leadership Council convened and Professor Tetsuo Shoji was elected as its first 
Chairperson. In addition to invited speakers, the meeting had focus groups to address On-Line 
Monitoring Technology and Plant Life Management Guidelines. There was a brainstorming activity to 
elicit what participants wanted IFRAM to do in the future. The conference held an open discussion on 
planned short-term and long-term IFRAM activities. Key speakers and topics were: 

— Professor T. Shoji, Tohoku University,  
  Asian Activities of Nuclear Power Plant Aging Management 
— Professor Il Soon Hwang, Seoul National University 
  Proactive Materials Degradation Management in Korea 
— Dr. Oliver Martin, European Commission:  Institute for Energy 
 Nuclear Power Generation in Europe and European Level R&D on Reactor Ageing 

Management 
— Dr. Valery Prunier, EdF, representing NULIFE ExeGroup  
  European PLIM activities under SNETP and NULIFE  
— Mr. Garry Young, Entergy Nuclear 
  License Renewal and LTO in the U.S. 
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— Mr. Gene Carpenter, U.S. Nuclear Regulatory Commission 
 Promoting International Cooperation In Reactor Aging Management – USNRC 

Perspective 
— Dr. Jeremy Busby, Oak Ridge National Laboratory 
  Materials Aging and Degradation:  Needs and Opportunities for Better NDE  
— Dr. Leonard Bond, PNNL 
  On-Line Monitoring Activities & Potential 
— Professor Tetsuo Shoji, Tohoku University 
  Current Status of Plant Life Management in Japan 
— Dr. Jan Van Der Lee, Director, The Materials Ageing Institute (MAI) 
  Plant Life Extension Guidelines 
— Dr. Amy Hull, U.S. Nuclear Regulatory Commission  
  Generic Aging Lessons Learned (GALL) 
— Mr. Gene Carpenter, U.S. Nuclear Regulatory Commission 
  NRC Near-Term Task Force Review of Insights from the Fukushima Dai-Ichi Accident 
— Professor Il Soon Hwang, Seoul University 
  Summary of PRIMA-NET Survey on IFRAM Focus-Topics 
— Dr. Jan Van Der Lee, Director, The Materials Ageing Institute (MAI) 
 Material Research to Support Safe Long-Term Operation Status and Perspectives of the 

MAI 
— Dr. Ki Sig Kang, Nuclear Power Division, IAEA  
  The Need of International Cooperation and Previous Experiences 

9. Conclusion 

The International Forum for Reactor Aging Management (IFRAM) was successfully created by 
working through a planned process. Technical representatives from Asia, Europe and the Americas 
cooperated to achieve this goal. At present IFRAM is in its first year of operation in carrying out its 
mission under the leadership of Professor T. Shoji, Chairman of the Leadership Council.  
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