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Abstract. 
　In order to implement effective safety regulations on aging management for reactor facilities etc., the information on important technology issues, the latest technical knowledge including evaluation technology, test and research outcomes, related codes and standards, regulation information, operation experiences such as accidents and trouble, etc. with respect to aging-induced deterioration in and outside Japan and in other industries, were collected, organized and evaluated.
1. Background and objectives

As the Higashidoori Nuclear Power Station Unit 1 of Tohoku Electric Power Co., Inc. and the Shika Nuclear Power Station Unit 2 of Hokuriku Electric Power Co., Inc. started their commercial operation on December 8, 2005 and March 15, 2006, respectively, the number of commercial nuclear power plants in Japan is 55 units as of March 2005 and ranks the third after the U.S.A. (103 units) and France (59 units). In addition, the number of plants exceeding 30 years after the start of their commercial operation will reach 20 units in 2010, and one of those plants will see even its 40th anniversary after the start of its commercial operation in the same year. Under these circumstances the aging management of nuclear power plants has been one of the key issues from the viewpoint of maintaining safety and reliability of nuclear power plants. The Agency of Natural Resources and Energy, Ministry of International Trade and Industry (the current Nuclear and Industrial Safety Agency, Ministry of Economy, Trade and Industry (hereinafter referred to as "NISA")), conducted the fitness-for-service assessment for major equipment important to safety and the study on the adequacy of the current maintenance practice, assuming 60-year service for three nuclear power plants built at an early stage, and developed the basic policy on aging issues and released it publicly in April 1996. Based on these assessment results, electric utilities conducted technical evaluations regarding aging and the adequacy evaluations of their current maintenance programs on equipment especially important to safety and continuous operation, and developed and submitted new long-term maintenance programs addressing aging management to the Agency. In February 1999, the Agency reviewed those technical aging evaluations and development of long-term maintenance programs, and determined that those were reasonable and adequate, and concluded that the following three items were key issues to be addressed as specific activities on the future aging management.
(1) Establishment of comprehensive facility management policies on further enhancement of the periodic safety review, the periodic inspection etc.

(2) Development of the standards and codes addressing aging deterioration, such as an introduction of an equipment maintenance standard
(3) Promotion of the technological developments in the areas of "inspection and monitoring technology", "aging evaluation technology" and "preventive maintenance and repair technology"

As a part of the specific activities on aging mentioned above, the aging management of the the Mihama Power Station Unit 2 and the Fukushima Daiichi Nuclear Power Station Unit 2 was reported in June 2001, and the technical evaluation (PLM) was carried out during their periodic safety review (PSR) for the first time. Stipulation of the technical evaluation (PLM) on aging reactor facilities into Article 15-2 and Article 16 of the Rules for Installation, Operation etc. of Commercial Power Reactors in September 2003 asked for further response to this issue, and the system modification in October 2003 made these utilities' measures statutory requirements and the Government to check their implementation status by the fitness-for-safety inspection etc. Furthermore, the NISA decided that it was important to obtain an understanding of the national public and residents in the vicinity of nuclear power stations by conducting meticulous activities, such as "effective technological development", "buildup of engineering data and systematic development of criteria" and "public information release on aging management activities", and also to address technology exchange and cooperation, etc. with Europe and the United States. Then, the secondary system pipe rupture accident that occurred on August 9, 2004 at the Mihama Power Station Unit 3 of the Kansai Electric Power Co., Inc. triggered hightened interest in the aging issues of nuclear power plants from the local governments to the public. Under these circumstances, NISA thought that it was necessary to study what should be done as specific activities towards the newly enhanced aging management by electric utilities, and established the "Committee on Study of Aging Management" in the Advisory Committee on Nuclear and Industrial Safety in December 2004. 

Under these circumstances, development of technical information basis of aging management has been promoted since 2000 as an indispensable matter to the resolution of issues regarding aging, improving and enhancing technical basis with respect to aging and utilizing achievements of technological development in order to ensure safety and reliability of nuclear power plants. With inauguration of the Incorporated Administrative Agency, Japan Nuclear Energy Safety Organization (hereinafter referred to as "JNES") in October 2003 after that, this program was transferred to JNES and restarted. 

It is known that physical properties and characteristics will change in general when equipment and structures are exposed to dynamic environment, thermal environment, radiation environment etc. As deterioration events due to aging at nuclear power plants, there could be fatigue, neutron-irradiation induced embrittlement, stress corrosion cracking, heat aging, corrosion etc. The nuclear power plants in Japan have shown the high capacity factor exceeding 80% and the low unscheduled outage rate, and it can be said that deterioration events due to aging have been well managed by enhanced periodical inspection and check, and routine maintenance management. However, assuming a long service time of 60 years, it cannot be denied that deterioration events could become real and progress. 

Although it is generally thought that the number of trouble increases first from nuclear power plants with long operation years, the trend that the number of trouble increases with the increase in operation years has not been actually recognized, and therefore, aging does not likely to pose an immediate problem. However, since it is important to take all possible measures with respect to safety of nuclear power plants, it is considered appropriate that plants with service life exceeding 30 years since their start of operation should initiate aging management. In addition, it is essential to obtain the understanding of the general public as well as the residents in site areas as a part of promotion of aging management, but the general public are not generally familiar with these issues, and therefore, there is a concern that aging is likely to be considered only to compromise safety of nuclear power plants. Taking fully into account this kind of mindset, concerns etc., it is important to make efforts to promote required technical development for collecting and accumulating the technical information, and to obtain the understanding and cooperation of the general public through providing those information obtained to the public. Under such background, JNES has started the development of the technical information basis for aging management of nuclear power plants with the purpose of contributing to implementation of the effective safety regulations to aging of nuclear power plants and fostering the understanding of the general public in Japan.

2. Development of technical information basis

In order to implement effective safety regulations on aging management for reactor facilities etc., the information on important technology issues, the latest technical knowledge including evaluation technology, test and research outcomes, related codes and standards, regulation information, operation experiences such as accidents and trouble, etc. with respect to aging-induced deterioration in and outside Japan and in other industries, were collected, organized and evaluated.

(1) Development of database for aging technical evaluation

In December 2005, the Nuclear and Industrial Safety Agency released the "Guideline on Implementation of Aging Management at Reactor Facilities for Commercial Power Generation" and the "Standard Examination Procedure on Aging Management (bylaw)." Along with support to prepare these guidelines, JNES prepared the "Examination Manual for Technical Evaluation of Aging" for each aging event and developed the technical information basis for technical evaluation of aging, etc. reflecting the latest technical knowledge. As an example, the collection status on accident and failure information from domestic and overseas plants regarding aging is outlined below; 
（a） Domestic plants
Survey and analysis of accident and failure information on domestic light water reactors in 2005 fiscal year (reporting required by the Law and Notice) found 15 troubles. Using some of those cases possibly related to aging as the latest operation experiences and confirmation items, it was checked without delay whether the same measures taken against aging in those cases were considered for each equipment during examination (hearing or on-the-spot inspection of NISA (field investigation of JNES)) of the aging technical evaluation reports of the Unit 3 of the Fukushima Daiichi Nuclear Power Station and the Unit 1 of Hamaoka Nuclera Power Station. Information sources for domestic accidents and troubles include the followings;
· JNES Annual Report on Operation Status of Nuclear Facilities in Japan (2005 editions)
· JNES homepage
(Domestic trouble information, http://www2.jnes.go.jp/atom-db/jp/index.html)
· NISA homepage (accident and trouble information)
(http://www.meti.go.jp/interface/nisa/regularly/3_announce/info.cgi?category=3)

· Public Information Library on Nuclear Facilities, Limited Liability Intermediate Agency, Japan Nuclear Technology Institute
(NUCIA), (http://www.nucia.jp/)
（b） Overseas plants
The information described in the Information Notice
, Bulletin
 and Generic Letter
 of the U.S. NRC (Nuclear Regulatory Commission) collected by 2005 fiscal year were reviewed and analyzed as overseas accident and failure information, and abridged translations were added to the information considered important. 

In addition, these trouble-related information and regulation information were released on the following JNES homepage;
· "Analysis result of the NRC information " 
(http://www.jnes.go.jp/database/koukeinenkasyu.html)
(2) Support for the Committee on Study of Aging Management etc.

（a） The Committee on Study of Aging Management, Technical Review WG on Aging, and Technical Evaluation WG on Aging of NISA

In 2005 fiscal year, 13 meetings in total to enhance aging management including 4 meetings of the Committee on Study of Aging Management, 4 meetings of the Technical Review WG on Aging and 5 meetings of the Technical Evaluation WG on Aging were held. JNES supported NISA in preparing various related materials concerning aging, etc.

（b） The Technical Information Coordinating Committee, Information Basis WG, Safety Research WG, and International Cooperation WG in JNES 

The Committee and WGs have been set up within JNES to realize “development of technical information basis (collection / organization and utilization of technical information, selection and implementation of safety researches, international evolution of the technical information basis, and roles of industry, academia and government and their organic coordination)", which is one of new measures described in the report “Enhancement of Aging Management at Reactor Facilities for Commercial Power Generation" of the Committee on Study of Aging Management. Minutes and handout materials of the Committee on Study of Aging Management and the Technical Evaluation WG on Aging and others of the Government can be found at http://www.nisa.meti.go.jp/00000004/04a00000.htm, and of the Technical Information Coordinating Committee of JNES at http://www.jnes.go.jp/katsudou/jyouhou_index.html.

(3) Development of database for preparation of examination manuals etc. on aging technical evaluation 

Examination manuals and the database for aging technical evaluation were developed on the following items in 2005 fiscal year;

(i) Preparation of examination manuals on aging technical evaluation

· Neutron-irradiation induced brittlement of reactor pressure vessel
· Stress corrosion cracking
· Fatigue
· Pipe wall thinning
· Insulation degradation of electric instrumentation equipment
· Reduction in strength and degradation in shielding capability of concrete
· Seismic safety evaluation
· Concept and viewpoint of efforts to prevent organization culture deterioration
The examination manuals were released on the JNES homepage with the following URL.
http://www.jnes.go.jp/database/koukeinenkasyu.html
(ii) Survey of aging management in other industries
(iii) Survey of organization culture and safety culture evaluation method

(iv) Survey of durability and alkali-aggregate reaction of concrete structures etc.,
(v) Enhancement of engineering database related to aging (BWR and PWR)

(vi) Survey of trend in operating license renewal in the industrial world

· Collection of LERs, and technical comparison and evaluation between operating license renewal in the U.S.A and that in Japan

(4) Aging technical evaluation

In accordance with the newly established guidelines, standard examination procedures, and examination manuals, the aging technical evaluations of the Fukushima Daiichi Nuclear Power Station Unit 3, the Hamaoka Nuclear Power Station Unit 1, and the Mihama Power Station Unit 3 were completed. The reports on the examination results of aging technical evaluation etc. of those three plants are available on the JNES homepage mentioned below. In order to ensure that all relevant equipment are covered, the verification of technical adequacy is also carried out using checklists.
http://www.jnes.go.jp/database/koukeinenkasyu.html#001
(5) Establishment of a follow-up system for long-term maintenance program

The "follow-up system for long-term maintenance program" to ensure that a long-term maintenance program is carried out in accordance with a maintenance management program and to control the status putting the implementation status into the database is completed. This is a support tool to confirm whether the long-term maintenance program within the report of aging technical evaluation etc. describing various additional maintenance measures is implemented without fail.
3. Utilization of the achievements 

The achievements described so far were reflected in the establishment of the "Guideline on Aging at Reactor Facilities for Commercial Power Generation" and " Standard Examination Procedure on Aging Management at Reactor Facilities for Commercial Power Generation (bylaw)" published by the Government after review by the "Committee on Study of Aging Management, and eight examination manuals for aging technical evaluation published by JNES: "Neutron-Irradiation Induced Brittlement of Reactor Pressure Vessel", "Stress Corrosion Cracking", "Fatigue", "Pipe Wall Thinning", "Insulation Degradation of Electric Instrumentation Eequipment", "Reduction in Strength and Degradation in Shielding Capability of Concrete", "Seismic Safety Evaluation", and "Concept and Viewpoint on Efforts to Prevent Organization Culture Deterioration." Moreover, this information was utilized for the deliberations in the Committee on Study of Aging Management, Technical Review WG on Aging, and Technical Evaluation WG on Aging hosted by the the Nuclear and Industrial Safety Agency, and the Technical Information Coordinating Committee etc. hosted by JNES.

(1) The technical information concerning aging from the IAEA, United Kingdom, France, aircraft industry etc. was collected, and it was utilized for the establishment of the Guideline on Aging Management etc.

(2) Investigation and study concerning concrete, information enhancement of the JNES homepage related to aging, and information collection of operating license renewal in the U.S.A. etc. were performed attaining the achievements as planned, and they were also utilized for the establishment of the Guideline on Aging Management etc.

(3) In accordance with the Guideline on Aging Management etc. reflecting the achievements of JNES activities in this fiscal year, JNES conducted the aging technical evaluation of three plants which were getting on 30th year after their start of operation, verified the technical adequacy of the contents described in their reports, reported the results to the Nuclear and Industrial Safety Agency, and released those results on the JNES homepage after the deliberations of them at the Technical Evaluation WG on Aging.

(4) Trial of the follow-up system for long-term maintenance programs based on aging technical evaluation results was completed. From now on, JNES will support the Nuclear and Industrial Safety Agency by inputting the long-term maintenance programs reported to the Government one by one.
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� This is the notice that the Office of Nuclear Reactor Regulation (NRR) of the U.S.A. issues, and is usually used in order to caution licensees about the latest safety and failure information. The information recipients are expected to review its applicability to their facilities to avoid an occurrence of the similar problem and take appropriate actions.


� This is the letter that the Office of Nuclear Reactor Regulation (NRR) of the U.S.A. issues to licensees, and describes the standpoint and technical instruction of the NRC staff on individual problem. When the NRR requests an opinion and information submittal, its request is legally binding.


� This is the official bulletin published by the Bureau of Investigation Enforcement (I&E) to the nuclear industry and the public and is not legally binding, but the injunctive letter which NRR, Director of I&E, or NRC Commission Member issues to the specific licensee with respect to a unique or specific problem has legally binding force.
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