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ABSTRACT
Following the accident in the Fukushima-Daiichi, Japan NPPs (March 2011), the previous ICRR in Rabat, Morocco (November 2011), recommended that the operating organizations will take a proactive approach to examining their design basis and safety analysis to evaluate what, if any, changes and improvements should be made to withstand multiple severe external events as appropriate for their site and facility characteristics. The paper presents an overview of the activities done on this topic by the ISRAEL Atomic Energy Commission (IAEC) Nuclear Licensing and Safety Office (NLSO), and the operator of Soreq-Nuclear Research Center (SNRC) IRR-1, 5MW, Pool-Type MTR. Although some of the activities started prior and aftermath of the accident, most of the regulatory instruction and operator’s implementations were following the draft of IAEA SRS-80 technical guide, formally published on March 2014. The activities started with a specific regulatory decree (requirements), presented on March 2013 to the operator. The requirements were transformed to an action plan and included: a) reassessment of the calculated PIE’s in the SAR, and including combined external hazards; b) upgrading the reactor safety systems and safety related systems upon the safety reviews; c) re-evaluation of site seismic database and analysis; d) auditing the analyses on the robustness of preselected SSCs, mainly those related to the nominal and emergency power supply and cooling system; e) review of the completeness and updating the operational procedures; f) review of the emergency procedures and drills. The main part of the document describes the activities accomplished during a less than three years program, to be completed through 2015. A notable safety upgrade to be mentioned is the connection of two different ground accelerometers to the reactor protection system enabling automatically shutdown the reactor during an earthquake.


1. Introduction
The IRR-1 is a typical Pool-Type MTR, which went first critical on June 1960. Due budget considerations, the reactor operates upon demand (annual BU less than 100MWD), with maximum power of 5MW. It includes six radial beam tubes, two tangential beam tubes and a pneumatic sample conveyor ("rabbit"). The main applications of the IRR-1 are: education and training for IAEC and academia, NAA for research of radiation effects on electronic components, neutron diffraction, neutron radiography, geological dating in small samples and radioisotopes production, such as Ir-192. The paper presents an overview of the activities done, as lessons learned from the accident in the Fukushima-Daiichi, Japan NPPs, upon IAEA SRS-80 technical guide [1]. It covers the tasks performed on this topic by the IAEC regulatory authorities (NLSO) and the operator of IRR-1. Although some preparations and draft planning started before and just after the accident, most of the regulatory guidance and operator’s analyses and system upgrading included in the action plan were performed following the draft of the IAEA publication [1], formally published on March 2014. The activities started with a specific regulatory decree (set of requirements), presented on February 2013 to the operator [2]. The requirements were compiled to an action plan that included: a) reassessment of the calculated PIE’s in the SAR, including combined external hazards, specifically with fire; b) review and upgrading the reactor safety systems and safety related systems; c) re-evaluation of site seismic database and analysis; d) auditing the analyses on the robustness of preselected Systems Structures and Components (SSCs), related to the nominal and emergency power supply and cooling systems; e) review and updating the operational procedures and f) review of the emergency procedures and drills. Following this introduction, Ch. 2 describes the regulator (NLSO) activities to initiate, audit and approve the action plan and the results of the project, and Ch. 3 addresses the description of the action plan implementation by the operating organization of IRR-1. Finally, Ch. 4 includes some concluding comments and remarks.

2. NLSO regulatory activities
Based on the IAEA SRS-80 [1] draft, the NLSO issued on March 2013 a specific decree to the RR operators in IAEC [2], asking to prepare a multiannual plan for the implementation of actions identified by a safety reassessment in the light of lessons learned from the accident in the Fukushima-Daiichi, Japan NPPs. The regulatory announcement included guidelines for carry on a safety reassessment process, such as the requirements to audit the seismic database used in the SAR, reviewing the Postulated Initiating Events (PIEs) and including updated analyses of accident due external combined hazards (i.e. earthquake & fire), reclassification of the DBA/EDC (former BDBA) scenarios, including a complete power blackout, as well as the loss of the ultimate heat sink source. Special emphasize was given in the decree to the review and update of the operators procedures and training programs in normal and emergency conditions, along with complimentary exercises and drills.

3. SNRC IRR-1 operator activities
The safety reassessments, based on the NLSO decree (safety requirements) [2], were done by consecutive steps in a process depicted in Figure 1. Upon receiving the regulatory decree, the operator started to perform preliminary safety reviews to identify the gaps and assess activities to be done. Following these activities, an action plan was drafted and submitted to be approved by NLSO. In the following sub-section the activities are described.
3.1 The action plan
The action plan included the following subjects:
a. Reevaluation of the seismic database of the site. For this purpose, a TSO company was hired and requested to check new data and seismic models availability after the publications of the references cited in the existing SAR. 
b. Reevaluation of the Dynamic Analysis of SSCs related to the safety of the reactor.
c. Review of PIE’s included in the SAR.
d. Review of operating procedures, training and education programs.
e. Survey of power sources and systems upgrade.
f. Survey of cooling water sources and enhancement.
g. Reassessment and implementation of the Emergency Preparedness Plan.
Upon completion, the plan was submitted to NLSO review, and was accepted after minor clarifications.
3.2 Implementation of the action plan
a. Following the activity mentioned in 3.1(a), it was concluded that the existing “old” data is more conservative than any new updates and therefore the safety criterion for seismic robustness will not be changed. Therefore, seismic robustness for SSC safety related components has to be proofed to resist a minimum horizontal acceleration of 0.12g (frequency of earthquake occurrence 1/2000yrs).
b. The Dynamic Analysis review of SSC related to safety was performed for: i) the shutdown system; ii) the primary cooling system including: the large pipes with special consideration to the wall penetrating areas and the Flapper designated to remove residual heat after shutdown; iii) the Aluminum windows of the Gamma cell area and the ECCS sprinklers above the core. 
c. Two new PIE’s were analyzed and introduced in the SAR: i) a combination of earthquake with fire. For this complex accidental scenario, it is assumed that the entire source term is released to the environment, and calculation were made to evaluate the environmental impact of the accident as well as the emergency response plan requested to protect the workers in SNRC and the population within a diameter up to 10 kms; ii) Nonfunctional Flapper due an earthquake of 0.36 g (frequency of earthquake occurrence 1/50000 yrs.(. As the Flapper enables a clear path of natural convection of the residual heat, the reassessment indicate that the core structure creates a secondary thermosiphon path between the central (warmer) and the peripheral fuel assemblies, adequate to cool the core of the residual heat during the accidental scenario. Nevertheless, considering the uncertainties in the calculations, it was decided to change the shutdown procedure, following the indication of Flapper malfunction, and to restart the operation of the main pump and forced convection until the heat transfer equilibrium is reached. In case of power blackout, an emergency procedure was written to facilitate the thermosiphon path by removing Graphite elements. 
d. Several operating procedures were revised, such as the routine of safety checks in and out the control room, were prepared and approved by the regulator. Moreover, the reassessment included an upgrade of the archived documents and technical drawings. 
e. Electrical system upgrade includes: I) replacement of one diesel generator; II) renewal of electrical panels related to safety systems; III) replacement of DC low voltage system (I&C and emergency backup lighting); IV) connecting emergency cooling pumps to a remote diesel-generator; V) improvement of ground earthing of the containment building and VI) installing high standard lightning protection.
f. The analysis of the primary and secondary cooling system and supply sources results into: i) modification of water supply system by installing independent sources of tap water pipes for emergency cooling located outside the containment building, including a new external interface connection to fire-fighter truck; ii) mechanical strengthening of critical points in the ECCS.
g. The Emergency Preparedness Plan was revised, including scenarios of combined external events such as earthquake & flooding and earthquake & fire, testing the flooding monitors and alarm systems installed in the power supply areas and the effectiveness of the improved drainage path. Moreover, periodical drills and exercises are performed to improve the response and effective activities during accidental conditions.
Finally, the decision to install two ground accelerometer based on  diverse technologies,  linked to the reactor's protection system is considered by the regulator (NLSO), the most significant safety enhancement, as lesson learned from the Fukushima-Daiichi accident. The two devices were installed with a priority order to the one more sensitive accelerometer, with technical specifications as presented in Figure 2. Both accelerometers were set to SCRAM the reactor, one order of magnitude lower than the minimum value calculated by the Dynamic Analysis of the protection system. 

4. Concluding comments and remarks.
Under the IAEC policy to be committed to practice the IAEA Code of Conduct [3], the implementation of lesson learned from the Fukushima-Daiichi accident of TEPCO NPPs, is presented, reflecting a three years project. As the safety reassessment of IRR-1 is a continuous process, the activities described in this paper were planned during years of operation. Nevertheless, the effectiveness of implementing the lessons learned from an accident in a methodological way [1], enables us to raise confidence that the safety conditions of the ageing facility are considerable enhanced. Moreover, it is important to mention that the list of upgrades and modifications implemented were carried on due       a fruitful professional dialog between the IAEC regulatory authorities (NLSO) and the         IRR-1/SNRC operator. Furthermore, during a peer review of IAEA INSARR mission to IRR-1 (7/2013), the reviewers expressed their appreciation of the reactor condition in general and the implementation of IAEA SRS-80 safety reassessment methodology in particular. As so, that the activity might be considered as an example of good practice.
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Figure 1: Schematic description of Steps performing the complementary safety assessment following lessons learned from the Fukushima-Daiichi NPP’s accident
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Figure 2: Technical specifications of the high sensitivity accelerometer.
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