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Abstract. The vision and goals for the International Forum for Reactor Aging Management (IFRAM) are an 

organization that will complement existing networks and provide the framework to facilitate the appropriate 

exchange of information among those parties and organizations around the world that are presently addressing, 

or are planning to address, issues of nuclear power plant systems, structures and components aging management. 

This paper will provide a status report on IFRAM and a summary of the inaugural meeting, and discuss activities 

and plans for the path forward. 

1. Introduction and background 

The vision and goals for the International Forum for Reactor Aging Management (IFRAM) are an 

organization that will complement existing networks and provide the framework to facilitate the 

appropriate exchange of information among those parties and organizations around the world that are 

presently addressing, or are planning to address, issues of nuclear power plant (NPP) systems, 

structures and components aging management. It is the premise of the IFRAM that there are many 

benefits to cooperation and such interactions are its primary purpose. The four IFRAM objectives are:  

(1) cooperating to achieve common objectives;  

(2) sharing information/data;  

(3) entering into joint research/demonstration projects and  

(4) seeking to identify and promote the adoption of best practices.  

An example of cooperation could be the near- to intermediate-term cost-effective resolution of the top 

10 to 20 systems and materials aging issues that could greatly benefit all participants. A second 

example is cooperation in adopting best practices in NPPs including operational principles, practices, 

and improvement measures that are believed to have contributed to improved performance, operation, 

and safety of nuclear power plants. IFRAM will act to promote the adoption of “best practices” 

especially those practices which pertain to life extension of NPPs. 
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In countries with NPPs, regulatory authorities and the nuclear industry with support by academia are 

carrying out various programs for managing material degradation of NPP structures, systems and 

components (SSC) and for related topics such as Long Term Operation (LTO) and Plant Life 

Management (PLiM). International exchange on these activities or international programs related to 

these topics have been initiated through the IAEA, the OECD-NEA, and through projects partly 

sponsored by the Nuclear Industry and Safety agency (NISA) on Enhancement of NPP Aging 

Management program in Japan, PRIMANET in Korea and European Commission (EC) in the EU 

(e.g., NULIFE). Some of them are activities following up US NRC Proactive Materials Degradation 

Assessment, PMDA launched in 2004, and its final report was published as NUREG/CR-6923. In 

2006 US NRC together with the Pacific Northwest National Laboratory (PNNL) launched a program 

to review all these activities on aging management (AM) and long-term operation of NPPs. The name 

of this program was “Proactive Management of Materials Degradation (PMMD)” and some 

summarizing reports have been issued [1]. 

While reviewing past programs on AM/LTO, US NRC and PNNL discovered that there is quite an 

overlap between existing national programs, and that it is too challenging for one (or two 

organisations, respectively) alone to review all the existing work on AM/LTO. At this stage, it was felt 

that an international network involving a larger number of nuclear organisations around the world 

would be beneficial, not only in reviewing past and existing national or international programs related 

to AM/LTO, but also to bring together experts who exchange information on operating experience, 

best practices, and emerging knowledge. It was proposed to establish the “International Forum for 

Reactor Aging Management (IFRAM).” It is intended to be an international network (umbrella) to 

consolidate the present knowledge on AM/LTO and to keep this knowledge available for the next 

generation of nuclear staff. Information and knowledge on AM/LTO of the various countries could be 

shared. It is, however, recognised that concerns about intellectual property (IP) may limit this 

exchange. IFRAM should also identify open gaps for AM/LTO and prioritize the necessary R&D 

work to fill these gaps. IFRAM is also seeking to avoid the duplication of efforts since the human and 

financial resources available for AM/LTO are limited. 

2. Engagement workshops 

The first step in establishing IFRAM was the Asian Engagement Workshop, organised in Seoul, 

Republic of Korea from 11–13 October 2009. In total 36 experts from Japan, Republic of Korea, the 

Peoples Republic of China, Taiwan, India, and the USA participated in this event. The aim of the 

workshop was to discuss the idea of IFRAM and how such an international forum could be 

established, what its objectives are, and what the benefits are for its members. In the workshop, four 

Focus Groups were formed by attendees as follows: 

— Group A Topic: Define the Benefits of the International Forum—what are the likely returns for 

those who participate?   

— Group B Topic: Describe ways national programs could be linked to the International Forum—

how to leverage so that benefits are greater? 

— Group C Topic: Describe the best ways for International Forum to share and exchange 

information—recommended “next steps” for cooperation.  

— Group D Topic: Develop matrix of individuals/organizations technical programs—who is doing 

what in PMMD? 

 

Table I shows an example summarized by the Group D to demonstrate a matrix of technical programs 

being performed by different countries. Degradation can be classified into three categories: the first is 

Materials Type Degradation where microstructure evolution during aging up to 80 or 100 years should 

be evaluated and characterized in relation to an impact on other potential degradation, synergistically 

and/or cascadely; the second is Surface Type Degradation such as corrosion, fretting, etc.; and the 

third is Defect Type Degradation such as crack initiation and propagation. These three degradations 

can interact synergistically and/or in a cascade mode, which has not been addressed systematically. 

The significance of NDE in these three types of degradation was emphasized. Asian aging  
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Table I. Matrix of countries with technical programs summarized at Asian Engagement Workshop 

Nation  China India Japan Korea Taiwan 

PWR PWSCC V  V V V 

 ODSCC(2ry) V  V V  

 IASCC V  V V  

 Radiation embrittlement V  V V  

 SCC-SS   V V V 

 BAC of LAS    V  

 Water chemistry-mitigation V  V V V 

 Corrosion fatigue, SS, Ni-alloy, LAS, CS V   V  

 IA creep and swelling   V   

 Reduction of fracture resistance V  V V  

BWR IGSCC  V V V V 

 IASCC  V V V  

 CW SCC-SS  V V V  

 Water chemistry  V V V V 

 Corrosion fatigue – LAS, SS  V  V V 

Common Thermal aging embrittlement V V V V V 

 Corrosion fatigue V V  V V 

 NDE V V V V V 

 On-line monitoring   V V V 

 Condition monitoring  V V V V 

 Cable   V V  

 Concrete  V V V  

 Buried pipeline  V  V V 

 Dissimilar welds V V V V V 

 FAC V V V V V 

 Electrochemistry V V V V V 

 Modelling V V V V V 

 Zr corrosion problem  V V V V 

 Repair metallurgy V V V V V 

 CS cracking  V    

 

management group had been established as a part of ICG-EAC, so called as EAC-A group more than 

10 years ago, which helped to organize the Asian Engagement Workshop. Cooperative activities 

among the countries of China, India, Japan, Korea, and Taiwan had been performed and at the Asian 

Engagement Workshop, each of the countries presented their activities, where some of the materials 

are shown in FIG. 1 and Table II. Prof. En-Hou Han presented Chinese activities as summarized in 

FIG. 1. Prof. T-K Yeh presented their activities including not only by National Tsing-Hua University 

but also by Institute of Nuclear Energy Research (INER) and Industries Technology Research Institute 

(ITRI). Prof. Il Soon Hwang presented Korean Proactive Research & Innovative Materials Aging 

Management Network (PRIMA-NET) activities among regulatory, academia, utility, venders, etc. 

Introduction of Risk-Informed Ranking Table Concept to Research is taken in their approach, which is 

shown in Table II. 

The Asian Engagement Workshop was followed by the European Engagement Workshop organised in 

Petten, the Netherlands from 25–27 May 2010. In total 29 persons from 13 European countries, the 

USA, IAEA, and the EC, General Directorate Joint Research Centre (JRC) participated in the 

European Engagement Workshop. The aims of this workshop were the same ones as for the Asian 

Engagement Workshop. In addition to the establishment and objectives of IFRAM, scientific and 

technical issues on AM/LTO for 60 years were discussed. In the first session, all the participating 

organisations presented their activities related to AM/LTO. In the second session, the establishment, 

organisation, objectives, and benefits for members of IFRAM were discussed. The third session was 

dedicated to scientific and technical issues on AM/LTO for 60 years [2]. 
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FIG. 1. Chinese R&D institutions pertaining to nuclear power. 

 

Table II.  Participants and researches in PRIMA-NET, Korea 

 KAERI KEPRI KINS SNU-KAIST 

Mechanism 

– PWSCC 

– Hydrogen 

embrittlement 

Crack initiation 

CGR of 600, 690 

DMW, variables 

 

Zr, SS 

 DMW(82/182, 

52/152) – modelling 

PWSCC, oxide, 

crack initiation 

– Fatigue LAS (fatigue and 

wear) 

CASS corrosion-

fatigue 

CF of SS, SS weld, 

DMW 

Corrosion-fatigue 

– Others BAC, PbSCC, 

DMW corrosion 

SG tube wear, CASS 

embrittlement, feeder 

cracking 

SCC of CS, LAS Molecular dynamic, 

EAC modelling 

NDE and 

Monitoring 

Radiation damage 

RPV 

SG ECT (RR using 

Ret, SG) 

UT + Guided UT of 

DMW 

IG mockup-BM, 

DMW 

 Residual stress SG integrity 

assessment 

Inspection of SG 

internals 

FAC monitor 

(DCPD + ECP) 

 Microstructure Cable aging  PRA of EAC 

Mitigation PWSCC, PbSCC   PWSCC by H2 

optimization 

 Repair of degraded 

weld and seals 

  FAC mitigation by 

environmental 

control 

 

At the European Engagement workshop, scientific/technical issues for AM/LTO 60 years+ were 

discussed and following issues were raised.  

— Instrumentation and cables (I&C) and safety of digital systems  

— Corrosion issues and their detection focusing on Alloy 690 and its weldment  

— Flow accelerated corrosion (FAC)  

— RPV/cladding and embrittlement and mitigation methods such as annealing, warm pre-stresses 

and replacement 

— Concrete and concrete – steel interaction and NDE of concrete structures 

— ISI and NDE  

— Welding and leak-before-break  

— Human factors and the nuclear workforce  

— Miscellaneous  
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Some participants raised a couple of other important issues and questions, which do not fall under the 

above fields. These were:  

— Priorities in scientific/technical issues can be quite different for the individual reactor types. A 

comparative study on VVERs vs. Western-type PWRs should be performed with regards to 

differences in design and operation (What can the nuclear community learn from that?).  

— “Yellow Pages” on nuclear reactors foreseen for LTO to 60 years and beyond whose data can be 

shared within IFRAM should be issued.  

— Documentation of materials used in NPPs is not unique. Documentation of materials for older 

reactors is sometimes even not complete.  

— Interaction between known degradation mechanisms.  

— IFRAM should have a working group on risk assessment. One task for this group could be a 

feasibility study to find out to what extent the safety level of a Gen II reactor can be raised to the 

one of a Gen III reactor.  

— The impact of maintenance on the improvement of safety levels (for LTO) should be assessed.  

— Issues related to nuclear waste and its disposal should also be covered by IFRAM.  

 

Representatives from Asia, Europe, and the United States met for the IFRAM meeting held 4–5 

August 2011, at the Cheyenne Mountain Resort in Colorado Springs, Colorado, to share information 

on reactor aging management and to make plans for the future. Professor Tetsuo Shoji (Japan) was 

elected chairman of the Leadership Council. The vision of an international forum became a reality and 

IFRAM began work to achieve its mission, which is to:  

— Invite the participation of international experts and organizations knowledgeable in the 

degradation of nuclear reactor materials; 

— Facilitate the exchange and pooling of experience, results, and knowledge; and  

— Promote cooperation in identifying and addressing technical issues.  

 

3. Cooperative activities 

The IFRAM Leadership Council chaired by Tetsuo Shoji, Tohoku University, Japan is initiating 

global cooperation efforts. First of all, IFRAM utilizes virtual meetings for the majority of 

interactions. IFRAM groups hold conference calls that follow formal agendas. Physical meetings are 

co-located with more widely-attended topical meetings. For example, informal meetings were held at 

the November 2011 ANS meeting in the United States and at the December PMMD meeting in Japan. 

The IFRAM website (http://ifram.pnnl.gov/) serves as a focal point for activities and quarterly 

newsletters are sent to all participants.   

To initiate technical activities, three focus groups have been formed in IFRAM: 

(1) Technologies for Monitoring Aging and Materials Degradation. Focusing on early degradation 

(i.e., precursors prior to crack initiation) in metallic materials (potentially including radiation 

damage of internals): FAC, vibration fatigue, precursor states to crack initiation (SCC), and 

thermal and mechanical fatigue. Potentially expanded scope could include the ASME 

Section XI criteria for FAC, EAC, degradation mechanisms, and methods to detect and measure 

the different mechanisms, including the basis for measurements needed to obtain actionable 

data.  

(2) Determine Technical Issues Related to Plant Life Management. Harmonizing high-priority 

technical issues identified by various organizations related to aging management. List these as 

High, Medium, and Low priority: seek to identify safety concerns, knowledge gaps, timeliness, 

public acceptance, and financial risk. Determine gaps in current/on-going research. 

(3) Handbook on Reactor Aging Management. A focus group is developing the outline and content 

for a handbook on reactor aging management knowledge and processes. The goal is to have a 

living on-line document that is updated periodically, with new material continuously being 

prepared for subsequent issue. 

http://ifram.pnnl.gov/
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One important IFRAM efforts is to promote international cooperation through participation and 

leadership in conferences such as PLiM and ICONE. IFRAM will conduct a survey to gather 

important information useful for promoting global cooperation in reactor aging management and will 

have the ability to promote sharing of knowledge and information and focus global expertise on aging 

management issues. IFRAM supports global and regional cooperative effortsand increase the ability to 

draw upon the global knowledge base to address regional activities. IFRAM management structure is 

rather flat, where the Leadership Council and flat organization where Focus groups are directly 

connected to LC,  

which promotes the ability to respond promptly to issues and opportunities.   The Leadership Council 

has support from the Secretariat which facilitates the council’s work and responsiveness.  The 

Leadership Council invite individuals and organizations to join IFRAM in the quest for cooperation to 

address RAM issues. However, IFRAM is just like all new borns and always learning to crawl and 

hope to walk and run soon. 

 

4. PMDM activities 

The length of this section could be shorted to make room for the material added above.   

Nuclear power remains an important element in the global energy supply system. The challenge of 

extending NPP life is a global one. Through the sharing of ideas, data, experience and knowledge, the 

common issues can be addressed faster, engage the widest community of experts, and make best use of 

available resources. Through IFRAM cooperation, it is expected to be possible to do more with less 

and to do it more effectively. The Engagement Workshops in Asia and in Europe had delineated the 

excellent activities relating to IFRAM goals, especially Proactive Materials Degradation Management 

(PMDM) activities, and are highlighted here. The PMDM or PMDA project was initiated by NRC (PI: 

Dr. Joseph Muscara) in 2004 and the all degradation modes on each component in primary pressure 

boundary components were evaluated by PIRT methods and summarized in NUREG/CR-6923. 

Following this NRC PMDA program, Japan and Korea started a similar type of proactive aging 

management program. In Japan, as a part of NISA NPP aging management program, FY 2006–2010, 

Tohoku University led the PMDM program where a more extended Experts’ Panel was set up with a 

more fundamental and scientific approach, emphasizing a more mechanistic point of view to identify 

the issues to be addressed. More experts were invited from academia for this purpose. One of the main 

goals of the IFRAM activities is how to predict and how to manage plant materials degradation in 

advance before they become real. Good international collaboration and good collaboration between 

academia and industries with a participation by regulatories are key processes for better safety of 

plants with better maintenance methodology and technology for plant life management by proactive 

materials degradation management. FIG. 2 shows the importance of knowledge management between 

academia and industries/regulatory to be proactive in AM/LTO. 

5. Conclusions 

One of the first steps in establishing IFRAM was the development of a matrix of known issues and 

open gaps, which is the extension or outcome of the above international proactive aging management 

program mentioned such as NISA PMDM, Korean PRIMA-NET, European AM/LTO activities and 

PMMD initiative jointly started by PNNL and US NRC to review all the activities on AM/LTO 

conducted so far. Such a matrix would also provide indications about the major concerns of a country 

with a nuclear program. One of the participants remarked the identification of open gaps could be 

crucial, because some issues (degradation mechanisms) were not relevant for LTO to 40 years, but 

might become relevant for LTO to 60 years and beyond and that even unknown degradation 

mechanisms might occur, where proactive management is crucial. Therefore, IFRAM should primarily 

focus on such issues and the audience agreed that this should be an important objective of IFRAM and 

that IFRAM should have strong links with the International Generic Ageing Lessons Learned 

(IGALL) Project currently established by IAEA. The result of the IGALL project should be the 

publication of the IGALL report/database, which lists in table format for all the passive components of 

the common nuclear reactor types around the world (BWR, PWR, VVER, CANDU) all possible 

degradation mechanisms and suitable aging management programs for their mitigation. The idea for 
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the IGALL report/database originates from the US GALL report issued by US NRC for the first time 

in 2001. As envisaged for the IGALL project also for IFRAM the output should be some sort of 

common guidelines, state-of-the-art reports, and databases including one on shared aged material 

samples. At the same time, collaboration with EPRI MDM activity, OECD CODAP for knowledge 

management and commendable practice and other international activities on AM/LTO. 

At this stage, it can be pointed out that quite a number of international programs/platforms for 

AM/LTO already exist; for example, the IAGE subgroups of OECD-NEA. The reply given by 

PNNL/US NRC was that IAGE is focused on materials and their degradation and that NDE and on-

line monitoring, which is an integral part for LTO of NPPs, are not so intensively treated within IAGE. 

So NDE and on-line monitoring can be one of the scopes of IFRAM. Due to the short time window to 

find solutions (due to the advanced age of NPPs in the USA), IFRAM should focus on the components 

of NPP that cannot be replaced. Once again, it was pointed out that financial and human resources for 

AM/LTO around the world are limited, which requires coordination of programs, leverage of results 

and data, diversity, and allocation of activities.  

As a summary of IFRAM to be proactive, the following approach should be taken to be proactive. 

— Inductive approach based upon the root cause analysis of the events in the past where root 

cause analysis, database, and knowledge base are important. 

— Deductive approach based upon fundamental scientific understanding of degradation 

mechanisms and their potential synergistic and cascade degradation. 

— Systematic elicitation to clarify the potential and latent aging degradation phenomena and 

mechanism by embodying experts’ thinking. 

IFRAM could be a useful platform for participating organisations to receive feedback on their own 

research activities and a suitable environment for round-robin tests in order to identify best practice 

methods, especially for in-service inspection and other international cooperative efforts for AM/LTO. 
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