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Abstract. Legislation of the PSR (Periodic Safety Review) for a research reactor in Korea was established on May 21, 2014. We are going to perform the PSR in two or three years as it is now a confronting issue and has become a legal requirement. In this paper, an implementation plan of the PSR of HANARO will be discussed. Since we have to apply the legal requirements made for a power reactor, a graded approach should be applied when we assess the fourteen safety factors. The project implementation plan will be finalized through discussions with a regulatory body. In this plan, we will consider joint research with the relevant institution, consulting with the IAEA and foreign countries that have experience with a PSR, as well as discussions and feedback from the regulatory body, the establishment of a counselling committee, and preparation of detailed procedures. Nineteen years have passed since the initial criticality in 1995, and we are not able to meet the requirement that calls for the first PSR within ten years after the initial criticality. Therefore, we will proceed with the project after determining the date of enforcement for a PSR with the regulatory body.
1. Introduction

In Korea, undertaking the PSR for a research reactor became a mandatory requirement according to the National Law on May 21, 2014. At present, the research reactors in Korea consist of HANARO
 (30MWt), a research reactor at the Korea Atomic Energy Research Institute (KAERI hereafter), and a training reactor (SGN 201, 0.1Wt) at Kyung Hee University.  Because of the amendment of the law this year, two research reactors have been designated as those that require PSR in a few years. Even though Korea has a lot of experience in undertaking a PSR for power reactors, this will be the first PSR for a research reactor. Therefore, the operating organization and regulatory body should be well prepared to complete the PSR in a timely manner. As the operating organization, KAERI will use the IAEA safety guide SSG-25 [1] (which supersedes the former guide NS-G-2.10) and complete the PSR successfully with the help of domestic and international experts. 
2. Rationale and Objective of PSR for HANARO
HANARO has been operating for more than 19 years without any comprehensive safety review, although we have had routine in-service inspections and some special safety inspections. The PSR that we will undertake will provide the first opportunity to obtain an overall view of the actual plant safety and the quality of the safety documentation, and to determine reasonable and practical modifications to ensure and improve the safety.  
3. Legal Requirements
Originally, the PSR was enforced only for a power reactor; however, it has been enforced for a research reactor as well by amending the National Nuclear Safety Act to conform to the international trend and the recommendations made at the 48th IAEA General Conference held in September 2004. Thus, the amendment of the relevant decree is being underway to complement the law. According to the law, the PSR for the research reactor shall be performed in ten years after the start of the plant operation, and then subsequent PSRs at ten year intervals until the end of operation. However, it is enforced that the PSR for the research reactor operated for more than 10 years after the start of the plant operation shall be completed by the end of 2018. 
HANARO has been operating with a license given in 1995 without any definite term. We expected that this would eventually become an issue. However, by the enforcement of the PSR, we were able to at least remove this burden. The purpose of our PSR is neither the decision making process for license renewal nor long-term operation. It is simply a comprehensive safety assessment carried out at regular intervals. However, there will be a penalty such as a fine and suspension of the operating license if we do not undertake the PSR in time.
3. Tentative Schedule of the PSR
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4. Prerequisites of the PSR project
4.1 Establishment of a project team
To undertake the PSR, the first thing to do is establish a project team. However, many of the engineers and researchers who worked in the design & construction stage are no longer available since they retired a long time ago. The remainders have been assigned to new projects. Recruiting appropriate engineers is going to be an issue to be resolved. 

4.2 Establishment of the budget

We have estimated the budget for the PSR of HANARO by collecting information from the KEPCO E&C, which has a lot of experience at undertaking a PSR for a power reactor. The next thing to do is to obtain approval for the estimated budget from the senior & executive management. Since KEPCO E&C is the sole contractor with experience in a PSR, there are no other competitors. This will be another issue to resolve because it requires at least two bidders to the open tender according to the government regulation. 
4.3 Preparation of the basis document for the PSR
The basis document should be produced during the initial stage of the PSR, which includes the following:
- The scope and objectives of the PSR including the current national and international standards and codes to be used
- Project plan consisting of organization of the project, project & quality management, and a process to ensure consistency between the safety factors

- The plant licensing basis at the time of initiation of the PSR

- A description of the systematic review approach

- Process for identifying, categorizing, prioritizing, and resolving negative findings

- Major milestones, including cut-off dates
, methodology of the PSR, the safety factors to be reviewed, the structure of the documentation including a deliverable list and the applicable national and international standards, codes and practices. 
- The methodology & document structure of the global assessment
- Guidance to prepare the integrated implementation plan

- A plan for communicating and gaining relevant approval from the regulatory body

- Systematic method to record outputs from the PSR

4.4 A common set of database of the required documents for the review
The drawings produced for the construction of HANARO were made using blue prints and stored as micro films. In addition, the documents were produced by Hangul
 word processor application and kept on floppy disks. In the early 2000s, these drawings and documents were scanned, converted into PDF files, and stored in a database server as well as on a CD-ROM. However, owing to the rapid development of PC hardware and OS, we are no longer able to use the old version of the database. Therefore, it is an imminent task to complete and update a new common database before commencing the PSR so that the participants can easily retrieve the required drawings and documents. 
5. PSR Guidance
Eleven safety factors of the PSR were enforced for a power reactor before the amendment of the National Nuclear Safety Act. The revised law calls for 14 (fourteen) safety factors to be reviewed for both power reactors and research reactors. New safety factors introduced into the revised law are the plant design, hazard analysis and probabilistic safety assessment. This is to meet the international trend and the recommendations made during the 48th IAEA General Conference held on 20-24 September 2004. The safety factors listed in the revised law are consistent with those of IAEA Specific Safety Guide No. SSG-25.
5.1 Safety factors
i. Safety factors relating to the plant
(1) Plant design;

(2) Actual condition of the structures, systems and components (SSCs) important to safety;

(3) Equipment qualification;

(4) Ageing.
ii. Safety factors relating to safety analysis

(5) Deterministic safety analysis;
(6) Probabilistic safety assessment;

(7) Hazard analysis.

iii. Safety factors relating to performance and feedback of experience

(8) Safety performance

(9) Use of experience from other plants and research findings. 

iv. Safety factors relating to management

(10)  Organization, the management system and safety culture;

(11)  Procedures;

(12)  Human factors;

(13)  Emergency planning.

v. Safety factors relating to the environment

(14)  Radiological impact on the environment.
When we apply these safety factors to a research reactor, we have to consider the Graded Approach. In general, safety classes [2] I, II & III are applied to the power reactors whereas only safety class III is applied to a research reactor. The Graded Approach should be considered for a research reactor so as to not apply a severe code & standards for power reactors to the PSR of the research reactor. This is based on the statement described in article 1.5 of SSG-25
. 
6. Relevant self-assessment, routine and special safety inspection 
The relevant self-assessment and routine inspection have already been made at HANARO. After the Fukushima event, a special safety inspection was also made for a research reactor as well as power reactors. The results of the studies and inspection will be incorporated into our first PSR report later to minimize any duplication in effort. They are as follows:
1) Self-assessment of natural and external events, safety features and design basis events and Beyond DBEs.

i. Natural events (Earthquake, Flooding or inundation, Typhoon, Bush fire and building fire)

ii. External events (Loss of offsite electric power, Station blackout)
iii. Prevention of radioactive material release (Air, Liquid)
iv. Multiple simultaneous events
2) Routine Inspection

We undertake a routine inspection every year with various intervals. Approximately 207 inspections are made every year including reactor components, rotating machinery, cooling system components, fire protection system, normal & emergency ventilation system, fire protection system, I&C, and electrical system. The results of these routine inspections will be incorporated to assess the overall plant safety. 
3) Special Safety Inspection
i. Natural events (Earthquake, Flooding or inundation, Typhoon, Bush fire and building fire)

ii. External events (Loss of offsite electric power, Station blackout)

iii. Prevention of radioactive material release (Air, Liquid)

iv. Simultaneous multiple events

A defence in depth approach was applied to ensure that the core melting can be prevented and undue risk to the public can be avoided. The results of the special safety inspection for the above tasks were found satisfactory, as shown below.
- The integrity of the reactor building and stack designed for 0.2g can be secured to DBE
- Absence of leak in the reactor fuel pit, working pit, and spent fuel pit was checked
- Fire protection system can be assured even in case of loss of fire extinguishing water supply systems due to an earthquake
- Emergency preparedness manual is well established for external events.
7. Conclusions
HANARO has been operating for more than 19 years and now is the right time to undertake a PSR even though it is believed to be a little late. To complete the PSR on time, it is imperative to prepare the budget and manpower of experts in each area of safety factors and to obtain approval for the time schedule and budget from senior management as soon as possible. The next stage is to discuss and obtain an agreement of the general scope, requirements, and outcome of the PSR with the regulatory body. Discussing these matters with the regulatory body, we have to make sure that a graded approach to the specific area shall be considered. We regret that we have not continuously updated the database system of the plant design documents. Prompt action is required to establish a common set of database documents. When we undertake the PSR, the IAEA specific safety guide no. SSG-25: Periodic Safety Review of Nuclear Power Plants will be the effective and useful guidance in the PSR of HANARO.  
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� Hi-flux Advanced Neutron Application Reactor


� Beyond which changes to the codes and standards and new information will not be considered


� Korean word processor application developed by HANCOM Inc.


� The review process described in this Safety Guide is valid for nuclear power plants of any age and may have a wider applicability, for example, to research reactors and radioactive waste management facilities, by means of a graded approach.





1

