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   4-3-20 Toranomon, Minato-ku, Tokyo, 105-0001, Japan
   
   Abstract. Risk informed regulation (RIR) is being put into place to
   enhance the scientific rationality of the safety regulation in Japan.
   This paper, first, summarizes the background of the use of PSA in
   Japan and then describs challenges and roles of JNES.
   1.Background
   ============
   1.1.Expectation to nuclear safety reguration with the use of “Risk
   information”
   ------------------------------------------------------------------
   To ensure the safety of nuclear power plants, safety assurance
   measures, such as “measures to prevent the occurrence of
   abnormalities, i.e. failures or trouble,” “measures to prevent
   abnomalities from escalating and developing into accidents,” and “measures
   to prevent release of radioactive materials,” are provided along the
   concept of defense in depth. In addition, assuming the occurrence of
   design base events, behaivour of nuclear plant facilities and
   influence to the environment of the facilities are evaluated in a
   deterministic manner to show the validity of the safety measures. It
   is said, however, that there remain following issues to enhance
   scientific rationality of current safety regulation:
     * 
       Even if high degree of public safety is ensured, it is difficult
       to answer the following questions from the public: what the safety
       level is and how much the residual risk remains.
     * 
       In the regulation and rules in each stages, how and what extent
       are the various uncertainties considered? It is difficult to show
       whether the safety margin is well-balanced or not.
     * 
       It is difficult to understand the significance of the alternatives
       for design and operation from the safety point of view.
   Probabililstic safety assessment (PSA), on the other hand, is a
   technique that, allowing to take all possibe accident sequences into
   consideration, analyzes and evaluates the occurrence frequencies of
   initiating events, such as abnormalities and failures, the failure
   probability of safety functions which can mitigate the influence posed
   by the events, and the progress and influence of events
   quantitatively, and thus evaluates the safety comprehensively based on
   the occurrence frequencies, the degree of influence, or the product of
   them, i.e. risk. Accordingly, because PSA can evaluate various kind of
   quantitative risk information which can not be achieved from the
   deterministic assessment, it can supply the information for the issues
   mentioned above.
   Hence, it is expected that the safety regulations accompanied by use
   of “risk information” obtained from PSA, enhancing the understand of
   risk and concentrating on safety significant problems, complement the
   traditional deterministic safety regulation based on the defence in
   depth concept, establish the consistency of safety regulation from the
   risk point of view, and thus enlarge the scientific rationality of
   safety regulatory decisions.
   1.2.Application of “Risk information” to the nuclear safety regulation
   in Japan
   ----------------------------------------------------------------------
   PSA technology for the nuclear power plant facilities had been
   developed from 1960s’ in the U.S.A. and the bases of the technology
   was establish in the reactor safety study (WASH1400) which was
   published in 1975. Application of “risk information” to the nuclear
   safety regulation has been investigated in Japan.
   (1) Initial stage of use of “Risk information”
   From the 1990s in Japan, regulatory body, JNES, research
   organizations, and industries have investigated the enhancement of PSA
   technology and the application of “risk information” obtained from PSA
   and accumulated the experiences through the realization of the
   accident management strategy and the evaluation of their
   effectiveness, the comprehensive safety assessments in the periodic
   safety review, and the evaluation of allowed outage time specified in
   the safety preservation rules.
   (2) Systematic application stage of “Risk information” to safety
   regulation
   In the 2000s, the Nuclear Safety Commission (NSC) in Japan established
   safety goals for nuclear facilities and the performance objectives for
   nuclear power plants, and issued “Basic policy of introducing the risk
   informed regulation” which shows a basic strategy to use risk
   information aiming for the enhancement of rationality, consisitency,
   transparancy and accountability of safety regulation, and the
   effective allocation of resources in safety regulation.
   Nuclear and Industrial Safety Agency (NISA) declared that it will make
   investigation to use risk information widely to nuclear safety
   regulation and issued “Basic concept to apply ‘Risk information’ to
   nuclear safety regulation”[1], “Near-Term Implementation Plan for
   Utilization of ‘Risk Information’ in Nuclear Safety Regulation”[2],
   “High-level Guidelines for Utilization of ‘Risk Information’ in Safety
   Regulation for NPPs -Trial Use-”[3], and “PSA Quality Guidelines for
   NPP Applications -Trial Use-”[4].
   Atomic Energy Society of JAPAN (AESJ) starts to make PSA related
   standards, i.e. procedure standards for level 1, level 2, and level 3
   PSA during power operation, seismic PSA procudure standards, and the
   guidelines for the application of “risk information” as well.
   Originated with the experiences of the falsification of inspection
   records done by Tokyo electric power company and the secondary system
   pipe rupture in mihama nuclear power station unit 3 of Kansai electric
   power company, the introduction of the inspection system for the
   maintenance activities based on the maintenance programs and the
   establishment of the guidelines for the root cause analysis are being
   investigated.
   2.Role of JNES in the initial stage for the application of “risk
   information” to nuclear safety regulation
   ================================================================
   2.1.Development of PSA methodology
   ----------------------------------
   JNES has been introducing and improving PSA methodologies developed in
   US. JNES has carried out Level 1 and Level 2 PSA for Japanese typical
   PWR and BWR plants based on the plant information presented by the
   licensees, and has accumulated the knowledge about “risk information”
   obtained from PSA, which includes insights on the uncertainty and the
   limits of the application,.
   France has pointed out the importance of low power and shutdown (LPSD)
   operation to maintain the plant safety through LPSD PSA in late 1980s.
   Stimulated by this information, JNES has carried out LPSD PSA for
   Japanese typical PWR and BWR plants to comprehend their safety levels.
   In general, PSA is a powerful tool to systematically evaluate the
   importance of incidents and accidents, JNES has expanded PSA models
   for eight Japanese typical PWR and BWR plants. Using those PSA models,
   JNES has conducted the accident sequence precursor (ASP) analysis for
   domestic and foreign accidents. Furthermore, since seismic-induced
   risk is dominant in Japan, JNES has started to develop the methodology
   for Seismic PSA. Also, JNES has started to develop the methodologies
   for Fire PSA and Flooding PSA.
   2.2.Technical support to the regulatory review of PSA carried out by
   the licensees
   --------------------------------------------------------------------
   NSC of Japan decided to introduce accident management based on PSA.
   Accordingly NISA asked licensees to carry out their Level 1 and Level
   1+ PSA for power operation to all NPPs in Japan, and licensees
   submitted the results to NISA. JNES reviewed the adequacy of their PSA
   results, using the eight Japanese typical PSA models. In the same
   manner, JNES reviewed the adequacy of their voluntarily conducted LPSD
   PSA in a periodic safety review.
   3.Role of JNES in Current Stage; Systematic Use of “Risk Information”
   in Safety Regulation
   =====================================================================
   3.1. Development of Risk Informed Regulatory Framework
   ------------------------------------------------------
   NISA, in corporation with JNES, developed “Basic Concept to Apply
   ‘Risk Information’ to Nuclear Safety Regulation” and “Near-Term
   Implementation Plan for Utilization of ‘Risk Information’ in Nuclear
   Safety Regulation”, etc. These documents compose the main part of the
   risk informed regulatory framework shown in the Fig.1.
   “Basic concept to apply ‘risk information’ to nuclear safety
   regulation’ contains (1) role of “risk information” in safety
   regulation, (2) application area and scope of “risk information”, (3)
   features, limitations and roles of “risk information”, (4) facets of
   utilization of “risk information” , (5) approach toward risk informed
   regulation, etc. JNES contributed technically to identify the
   potential risk informed applications, and to clarify the role, pattern
   and merit of utilizing risk information in the regulatory decision
   making, based upon the results and perspectives gained through
   applying “risk information” in the early stage, and reviewing the
   status of PSA methodology in Japan, the risk informed regulation in
   US, etc.
   “
   Near-Term Implementation Plan for Utilization of ‘Risk Information’ in
   Nuclear Safety Regulation” describes near-term RIR
   application-selection criteria, application items in various areas,
   such as design, construction, opreation and inspection areas, and the
   development of PSA methodology. NISA and JNES wraped up the strategic
   plan through deliberation with people of experience or academic
   standing.
   “High-level Guidelines for Utilaization of ‘Risk Information’ in
   Safety Regulation for NPPs -Trial Use-“ desribes “fundamentals of
   utilization of ‘risk information’”, objectives and scope of high-level
   guidelines and so on. NISA and JNES discussed consistency with the
   current regulation principles, considerations to preserve defense in
   depth and so on. “PSA Quality Guidelines for NPP Applications -Trial
   Use-” describes elements of PSA quality and requirements. JNES,
   furthermore, cooperated with the AESJ to develop the PSA standards,
   which addressed to prepare the prescriptive requirements to assure the
   PSA quality.
   3.2. Pilot Application and/or Implementation of Risk Informed
   Regulation
   -------------------------------------------------------------
   JNES, together with NISA, has been conducting the application items
   identified in “Near-Term Implementation Plan for Utilization of ‘Risk
   Information’ in Nuclear Safety Regulation”, reflecting the experiences
   of PSA applications and considering the needs to apply “risk
   information”.
   For example, the new inspection system pursues the enhancement of
   maintenance activities, reflecting individual plant features, ensuring
   the plant safety intensively through safety preservation activities
   and ensuring the licensees’ action to correct the nonconformity. JNES
   has been cooperating with the staff of NISA, to identify requirements
   to the maintenance program under the framework of the new inspection
   policy, proposing to utilize “risk information” in order to (1)
   confirm the adequacy of the safety significance of each structure,
   system or component assigned by licensees for maintenance, (2) confirm
   the adequacy of the configuration control in the maintenance schedule
   developed by licensees, (3) identify inspection items, focused on
   safety significant activities conducted by licensees, including
   activities for the maintenance, (4) select performance indicators, and
   (5) develop the threshold or the quantitative criteria for measuring
   the plant performance level.
   JNES also performs the pilot application to confirm the
   appropriateness of the safety preservation rule (e.g., allowed outage
   time, etc.), and to apply “risk information” in assessing the safety
   information, such as accidents, incidents etc. in nuclear power
   plants. JNES will confirm the adequacy of the “residual risk”
   evaluated by licensees. In these applications, the standards and
   guidelines are expected to be developed, in order that the regulatory
   staff could be apply concretely the risk informed decision making.
   NISA and JNES will revise near-term implementation plan once every
   year, based on regulatory needs and the state-of-the-art PSA
   methodology.
   4.Future Role and Approach
   ==========================
   Roles of JNES in this stage are limited to (1) develop PSA technique
   (methodology and data, etc.) in preparation for the activities of
   regulatory side in the application of “risk information” to nuclear
   safety regulation, to (2) evaluate the adequacy of Level 1 and Level
   1+ PSA of the licensees comparing with independently conducted JNES’s
   PSA, and to (3) evaluate the safety importance of domestic and foreign
   accidents and the adequacy of prevention counter measures using Level
   1 PSA. In this stage, JNES has already reached a technical level of
   being able to comprehend the characteristics of all NPPs in Japan from
   the viewpoint of “risk information.”
   In the current stage, JNES is expected to perform the role of
   regulatory staff partially, besides the role of technical staff to
   develop and prepare the PSA methodology. It becomes one of important
   roles of JNES, to technically support the development of guidelines
   and manuals for the regulatory decision making in various areas, such
   as the examination and inspection, where “risk information” is
   utilized to make the regulatory decision for the licensees’
   applications, and to comprehensively assess the maintenance activities
   of individual plants.
   On the other hand, JNES has the important role to enhance and assure
   the quality of PSA methods and database, through cooperating with the
   regulatory organization and/or the academic authorities. Furthermore,
   JNES is still expected to enhance the PSA methodologies including
   those for the earthquake, internal fire, internal flooding and other
   external events, considering that PSA could supply the quantitative
   information broadly in the regulatory decision making process, besides
   the traditional deterministic information.
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