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Abstract. The RA-10 Reactor Project begun on 2010. This project comprises the design, construction, commissioning and licensing of a 30 MW research reactor for radioisotope production and neutron beam research. A safety assessment and licensing process for the RA-10 Reactor Project has been conducted since the very beginning of the project. This is a key process which interacts with and provides feedback to other processes relevant for the safety of the future reactor along all the phases of the project, including the elaboration of all the necessary information that has to be submitted to the regulatory body in the context of the license application process. This safety assessment and licensing process has recently leaded the project to obtain a construction license from the Argentine National Regulatory Body in October 2014.
In this paper the following aspects are addressed:

· A description of the safety assessment and licensing process conducted for the RA-10 Reactor Project, describing the main milestones of this process and its current status.

· The integration of the safety assessment and licensing processes in project management system.

· The safety assessment developed to support the licensing process which included the conduct of safety analyses and the evaluation of safety engineering factors important to safety.

· The safety assessment and licensing documentation elaborated for the Construction License application.

· The addressing of the National Regulatory Authority regulations and requirements in the design and safety assessment.

Emphasis is given to the management system tools applied in the development of the safety assessment and licensing process and the lessons learned in the use of these tools will be discussed. The paper also addresses implementation aspects and relevant steps of the process.
A summary of the main results of the safety assessment and licensing process is also presented and discussed.

1. Introduction

The RA-10 Reactor Project is being conducted by the Argentine National Atomic Energy Commission (CNEA) in order to design, construct, install, commission and license a 30 MW research reactor.
In order to demonstrate compliance with the applicable national regulatory framework, the RA-10 Reactor Project is conducting a safety assessment and licensing process aimed to ensure the safety of the future installation through sound project management and international state-of-art design and obtain the licenses from the regulator necessary to allow the development of the project [1]. The safety assessment for the reactor and all associated activities is a requirement from the national regulations [2] and from IAEA standards [3, 4 and 5].
2. Safety and Licensing Process Management
The RA-10 project management identified safety and licensing as one of its two main project processes. The safety and licensing process was started from the very beginning of the project together with the concept design phase in order to ensure that safety and licensing activities are an integral part of the development of the reactor design. Recently, this process has leaded the project to obtain the construction license from the Argentine Nuclear Regulatory Body (ARN) in October 2014.
The main management tool for this process is the licensing plan, which is aimed to coordinate the safety assessment and licensing activities to ensure that the established regulatory criteria are met. The licensing plan addresses the applicable regulatory framework, functions and responsibilities, main tasks and a programme for the implementation of the plan which included the preparation of the safety assessments necessary for licensing purposes and the licensing documents, mainly the Preliminary Safety Analysis Report (PSAR), necessary to apply for and obtain the licenses required for the development of the project [1, 2]. The key management tools and interfaces with other areas of the project are also identified in the plan. The effectiveness and implementation status of the licensing plan was monitored by internal audits programmed within the scope of the management system.
The initial tasks identified in the licensing plan were aimed to ensure that regulatory requirements applicable to the project management system and to the design of structures, systems and components (SSC) were addressed. This task required an extensive review of the applicable regulatory framework. On one hand, regulatory requirements applicable to the project management system were addressed both in the licensing plan and in the quality assurance plan. On the other hand, regulatory requirements applicable to the design of SSC were identified on its corresponding design plan.

The elaboration of the safety assessments was other key task identified in the licensing plan and was conducted following IAEA requirements [5] and specific guidelines for research reactors [7]. The safety assessments included: 

· The site evaluation, consisting of collecting of all the site relevant information and developing site specific studies necessary to support the safety assessment. 

· The safety analyses both deterministic and probabilistic analyses required for licensing purposes and to provide design feedback.

· The evaluation of engineering factors important to safety which included the assessment of the design principles applied to the installation. 
The site evaluation studies and safety analyses were conducted by CNEA personnel. Some specific site studies also required the expertise from external organizations. Thus, it was necessary for the project to elaborate a clear and consistent set of specifications for these studies. In the elaboration the specifications for site evaluation and safety analyses, national regulations and IAEA standards and guidelines played a key role to ensure requirements completeness and to define the scope of the studies and analyses. References 6, 7 and 8 were used in the elaboration of site studies requirements. National regulations and guidelines [3, 4 and 9] together with references 6, 7 and 10 were used to elaborate requirements for the safety analyses. Further details regarding safety assessment implementation are provided in Section 3.
Another important task was the identification of the licensing basis, which are the project documents including management system, design criteria and engineering documentation constituting the basis for the safety and licensing process. The identification of the licensing basis documents allowed establishing in a clear manner those aspects affecting the safety and the licensing of the installation. Licensing basis documents constituted a reference for the development of the preliminary design phase.
Among the management tools used to implement regulatory requirements was the elaboration of a communications procedure which established mechanisms for formal communications within the project, from the project to other CNEA areas and to other organizations. Particularly, this procedure defined the manner to conduct communications with the regulatory body and allowed an ordered and consistent communication flow to and from the regulator.

It is worth noticing that the Argentine regulations does not require a site license, thus the first licensing milestone is the application for a construction license where the acceptability of the site is evaluated jointly with the preliminary design of the installation. This regulatory scheme implies an extended time period and an extensive amount of resources consumed before the first regulatory review is conducted. Thus, in order to allow regulator feedback, the project and the regulatory body agreed a communication programme which was implemented early in the project and consisted of a series of non-binding meetings where the contents of the licensing plan and licensing basis were presented to the regulatory body. These meetings allowed an early feedback from the regulatory body regarding the development of the safety and licensing process, implementation of regulatory criteria in the design and the expected scope and contents of the licensing documents. 
The PSAR and other licensing document report the results of the safety assessments. Thus, one of the most important tasks carried out within the framework of the licensing plan is the elaboration of this documentation. For the case of the PSAR, it was agreed with the regulatory body to follow the format and content recommended by IAEA [7]. Together with the elaboration of the PSAR, the licensing plan established that an evaluation of compliance with the regulatory requirements was required also at this stage. Evaluation of compliance required and extensive review which required a very important effort. For the evaluation of compliance the results the management system audits were used to assess compliance with management system related regulatory requirements. For the evaluation of regulatory requirements applicable to the design of SSC, design evaluations were conducted. The design evaluations were conducted for all SSC important to safety as required by the applicable national regulations [3, 4] and international requirements [5, 6 and 7]. The evaluation comprised the classification of SSC (assessing the adequacy of the safety class assigned and the compliance with the safety classification requirements), assessment of defense in depth, application of design criteria (i.e. single failure criterion), the assessment of external (natural and man induced) and internal events. Aspects such as ageing and decommissioning were also assessed.

The elaboration of the PSAR required an important workforce which exceeded the capabilities of the RA-10 project personnel, thus support from other CNEA sectors was required. This scheme required to define a procedure to ensure that the each PSAR chapter was being properly elaborated in terms of structure and contents. Computer network access to up to date and approved engineering information by PSAR authors ensured the quality of the information being incorporated. A thought review ensured PSAR consistency. The complete elaboration of the RA-10 Reactor PSAR required 9 months to produce the first version.
The results of the safety assessment were reported in the PSAR and an application for a construction license was submitted to ARN. The regulatory body review of PSAR consisted of comments or requirements on the design or safety analysis. CNEA could request clarifications on the regulator comments or requirements in order to ensure that they could be adequately addressed. The review process was completed on August 2014 and the regulatory body issued the construction license on October 2014.

3. Safety Assessment Process

3.1. Safety Assessment Approach

As stated above, one of the main tasks conducted within the scope of the licensing plan is the elaboration of the safety assessments. The elaboration of a safety assessment for the reactor and its associated activities is a requirement from national regulations [3, 4] and IAEA standards [5, 6 and 7]. Safety assessments conducted for the RA-10 reactor at this stage comprised the site evaluation, safety analyses and the assessment of engineering factors important to safety. The safety assessments conducted for the RA-10 Reactor project comply with IAEA requirements [7]. Graded approach has been employed in the methodologies adopted for the elaboration of the different assessments [7, 11]. The strategy adopted at this stage for the conduct of safety assessments is based on:
· The definition of an event categorization scheme into plant state categories, namely: normal operation, anticipated operational occurrences, design basis events, extended design basis events, beyond the design basis events and severe accidents. Each plant state allows is defined on terms of its annual occurrence frequency and its allowed consequences. Scope, methodologies and acceptance criteria for safety assessments are defined in terms of the plant state being assessed.

· The elaboration of a site evaluation so as to characterize fully the site specific conditions pertinent to the safety of the RA-10 Reactor.

· The elaboration of safety analyses both deterministic and probabilistic used complementarily in the risk assessment of internal failures capable of affecting radiation sources including: the reactor core, the experimental devices and the irradiated fuel assembly storage.
· The conduct of evaluations of engineering factors important to safety related to: the adequate implementation of the design principles adopted with emphasis on assessing the adequate implementation of the defense in depth principle and the performance of SSC important to safety in order to demonstrate that they can fulfill their assigned safety functions.

At this stage, safety assessments included the radioactive sources mentioned above, the operation at the reactor state corresponding with full power and the initiating events originated from this operational state. A preliminary assessment has been conducted for other radioactive sources and operational states (corresponding to low power or shutdown conditions) including the abnormal conditions that could derive from them. A detailed assessment for these sources and states will be undertaken in the next stage.
In order to ensure completeness and in compliance with regulatory standards [3, 4], initiating events were identified, selected and postulated through the systematic application of a specific procedure. Initiating events and the sequences originated from them were incorporated within the scope of the safety analysis, the evaluation of factors important to safety or a combination of both. The initiating events proposed by regulatory guidelines [9] and IAEA [6, 7 and 10], operational experience and derived from other analysis techniques were included to be assessed. The initiating events were grouped into the following families:
· Loss of off-site power supply

· Reactivity transients

· Loss of cooling flow or flow/cooling mismatch events

· Loss of coolant events

· Loss of heat sink events

· Erroneous handling events or failures of equipment related with the reactor utilization

· Reactor protection system equipment failures

· Internal events (such as internal flooding or internal fire)

· External events (both natural or man induced events)

· Human error

· Other events, including the spurious actuation of safety systems

As indicated above, acceptance criteria were defined for each plant state and the safety assessment results were compared against them in order to determine the acceptability of the aspect being evaluated.
3.2. Site Evaluation

The site evaluation comprised collecting of all the safety relevant site information and developing site specific studies necessary to support the safety assessment. The site studies were elaborated in compliance with international requirements [8] and included:

· Site location information and studies including determining the exact coordinates of the site and generating the topographical information.

·  Geographical and demographical information. Demographical information was gathered from the most recent census corresponding to year 2010 and the use of demographical projections to extrapolate information and allow performing assessments even at later stages of the reactor lifetime. Demographical information was processed so it can be readily used for consequence analyses.

· Meteorological data of the former 20 years.

· Geological and seismological studies, which included a seismic hazard study developed specifically for the RA-10 Reactor site.

· Hydrological studies, including the identification of ground and underground water courses, including the elaboration of a specific flooding hazard study.

· External service supplies, including the assessment of frequency and duration of service supply shortages, particularly of electric power supply.

· Nearby installations characteristics and transport information. An extensive aircraft crash impact assessment was conducted for the reactor site and its results reviewed by an independent expert team.
Site evaluation information was incorporated in the design as appropriate to define the design basis of SSC that are required to withstand the conditions imposed for the site environment. 

3.3. Safety Analysis

Deterministic and probabilistic safety analyzes were performed for the RA-10 Reactor, which were complementarily used for licensing purposes and to provide feedback for the design of reactor SSC. These analyzes were performed by CNEA staff using the experience gained from other nuclear power plant projects such as Atucha II and CAREM and research reactor project such as RA-6 core conversion and power upgrading.
3.3.1. Deterministic Safety Analysis

The safety analyzes required for the safety assessment and licensing process included deterministic safety analysis of certain design basis events, extended design basis events involving sequences with multiple failures, and analyses required of sequences derived from the probabilistic safety analysis. Safety analyses were conducted taking into account guidelines from reference 10.
The objective of the deterministic safety analysis is to verify that the basic safety functions are fulfilled for design basis events and for extended design basis events.
To assess the safety of the plant, acceptance criteria are established. Acceptance criteria included those emerging from regulatory requirements and other specific acceptance criteria established by the designer.

The basic acceptance criteria require demonstrating compliance with radiological risk to the public established [4] and other limits and criteria established in regulation.
The specific acceptance criteria established by the designer allow a straightforward assessment of the deterministic safety analysis result. Specific acceptance criteria are set in terms of numerical limits for the relevant parameters. For the RA-10 Reactor safety assessment, the acceptance criteria were established in terms of Margin to Departure from Nucleate Boiling (MDNB), Margin to Redistribution (MRD), and Margin to Burn-Out (MBO). Demonstrating compliance with the specific acceptance criteria directly demonstrates compliance with the basic acceptance criteria.
A RELAP5 thermal-hydraulic model was developed for the simulation of the evolution of the reactor after the occurrence of an initiating event and the further actuation (or not) of different safety systems. This model included the nodalization of the most important components namely, the reactor pool, the core, the primary cooling system, the first shutdown system and the second shutdown system.

A Comprehensive Nodalization Management Platform, developed in the CNEA Department of Nuclear Safety, was used for the Code RELAP5. This platform allowed the systematization of input files generation for code and allowed monitoring the consistency and adequacy of each input parameter, particularly the geometrical data used in the model.
In the plant model, the initial conditions of the reactor-states, prior to beginning of each initiating event, were adjusted to nominal values defined by design. At a later stage, a full model review was conducted assisted by the Integrated Nodalization Management Platform, including steady state verifications. 

General and particular hypothesis were postulated for modeling initiating events. The "best estimate" approach was used for deterministic analyses of extended design basis events and probabilistic safety assessment support. Safety margins were used for design basis event modeling in order to take into account calculation and engineering uncertainties. Additionally, Reactor Protection System safety settings were included in the model. The safety settings were established in such a way that the safety of the reactor is ensured, whilst preventing impairment of the availability. In the establishment of safety settings reference values from other research reactors were considered.
Using this model, deterministic simulations were performed in order to analyze the behavior of the reactor upon the occurrence of design basis events, extended design basis events and sequences derived from the probabilistic safety analysis. The simulations performed included loss of normal power supply, reactivity transients, loss of flow events, loss of heat sink events and loss of coolant events.
From the simulations, it was concluded that deterministic safety analysis results for design basis events and extended design basis events satisfy the acceptance criteria established and allowed verifying that reactor safety systems are adequate to cope with those events. In addition, the deterministic analysis performed for sequences derived from the probabilistic safety analysis allowed establishing whether those sequences lead to damage of the core.

3.3.2. Probabilistic Safety Analysis

Probabilistic Safety Assessment (PSA) is an integral part of the assessment of a nuclear plant safety. It allows identifying strengths and weaknesses of installation in a systematic way and allows evaluating radiological risk in public and operators. It is divided into three levels accordingly with international best practice and IAEA guidelines [12, 13 and 14]:

· Level 1 PSA consists of the determination and analysis of event sequences, their frequencies and consequences. Event sequences could derivate in scenarios of core damage or irradiation facilities damage. 

· Level 2 PSA consists of the analysis of severe accident evolution and estimation of Source Term that is liberated to atmosphere, together with its frequency. Input data for the development of Level 2 PSA are Plant Damage States (PDS) that are product of interface between Level 1 and Level 2 PSA. Interface between Level 2 and Level 3 PSA consists in grouping of sequences that branch from PDS according to severe accident progression, confinement state and ways to release to environment. This grouping defines Release Categories that have associated Source Terms and frequencies. These are the input data for Level 3 PSA development.

· Level 3 PSA consists of the evaluation of the radiological risk on the public due to radioactive releases. As consequence, radionuclide concentrations in air and ground resulting from releases to atmosphere are calculated in order to derive effective dose in members of the public. With this result, the probability of health effects is calculated in each point of the considered dominium. Finally, with each Release Category probability and health effect probability, radiological risk is obtained for each Release Category. This analysis is required in order to verify risk acceptance criterion established by the national regulation [4].

Both Level 1 PSA and Level 2 PSA required specific deterministic analyses to give support to corresponding tasks.

For the development of Level 1 PSA, following tasks were conducted:

· Grouping of postulated initiating events.
· Event sequences analysis.
· Systems analysis.
· Dependent failure analysis.
· Data analysis and models quantification.
The scope for Level 1 PSA was internal plant events and loss of off-site power supply as a precursor. The Core and Uranium-Molybdenum experimental facilities were considered as radioactive sources.

Level 2 PSA was developed from bibliographic review and taking into account following conservative hypothesis:

· It was assumed that fusion of fuel elements that are involucrate in accident is instanteous.

· It was assumed that fusion of irradiation facilities that are involucrate in accident is instanteous.

· It was not considered actuation of ventilation system.

· It was not considered deposition of radionuclide in structure inside reactor confinement.

· It was not considered actuation of Confinement Isolation System.

· It was considered that release of radioactive material to atmosphere is complete and it is produced during a period of one hour of duration.

Radiological risk on the public was determined through Level 3 PSA. Effective dose was calculated in each sector in which the surroundings of the installation were divided. This division was made taking into account characteristics of reactor sitting. Input data were: meteorological data, radioactive inventory, dosimetric factors, demographic data and source terms. Further considerations for this stage of PSA were the following:

· Real distribution of population

· 10 years of meteorological data for radiological risk estimation

· 24 hours of exposition

· Public follows with normal activities

· Control measures are not considered for radiological risk calculation as it is specified in Norm 4.1.3.
3.4. Assessment of Engineering Factors Important to Safety

The assessment of engineering factors important to safety are an integral part of the safety assessments conducted for the RA-10 Reactor and are aimed to determine if the reactor SSC design is robust and based on proven design. These assessments were conducted accordingly with IAEA requirements [5] and included:

· A thought out assessment of the application of the defense in depth principle in the design of the installation. This assessment included an extended evaluation of SSC important to safety, taking into account the safety function assigned to the SSC. The safety functions are identified to ensure the establishment of each level of defense in depth. Safety functions, and the SSC implementing those safety functions, classified according with a safety classification procedure developed for the RA-10 Reactor. This safety classification reflects the importance to safety of SSC implementing safety functions. Acceptance criteria and requirements for each function are assigned and evaluated in accordingly with this classification. In this process, design criteria such as redundancy, independence, fail to safe, diversity and qualification requirements are assessed.

· An extensive external event safety assessment conducted based on the information provided by the site evaluation. This safety assessment allowed ensuring that the reactor include the provisions to withstand the conditions imposed by the site characteristics, including the effects of extreme external events either natural, such as seism or flooding, or man induced, such as aircraft impact. In this assessment the characterization of external events provided in the site evaluation were the input and it was evaluated whether the design adequately copes with the postulated external events. Acceptance criteria for this assessment are set in terms of compliance of the design with recognized design standards.

· Internal events, such as internal flood or internal fires, were also assessed. In a preliminary assessment it was demonstrated in this assessment the installation includes the necessary provisions to withstand the effect of internal events considered within the design basis. Further detail provided in advanced stages will allow a detailed assessment of internal events, their effects and the provision capabilities to endure the effects of internal events.
The results of the assessment allow concluding that the reactor design implements an adequate defense in depth implemented through the adoption of adequate safety margins and provision safety systems and design provisions. Design criteria have been consistently applied in the design of SSCs as a result of the systematic application of a safety classification procedure. Safety classification allowed imposing requirements and acceptance criteria consistently with the importance of SSC for safety. External and internal events have been also assessed and the design provisions to confront these events have been found adequate. Whilst the design stage allowed conducting a preliminary assessment, mainly for the case of internal events, a detailed assessment is then planned just after detailed design is available.
4. Conclusions
The safety assessment and licensing process of the RA-10 Reactor has undertaken the necessary tasks to generate the necessary information, analysis, studies and licensing documentation suitable for the construction license application as required by Argentine regulations. After a throughout review of the license application, ARN issued the construction license in October 2014.

The licensing plan as a management tool to provide framework for the licensing and safety assessment process allowed and ordered and consistent development of the tasks planned at this stage. The licensing plan also allows a valuable tool to monitor the advances in the process. On this regard, it is concluded that establishing a communication programme in agreement with the regulatory body starting early in the project allowed receiving feedback from the regulator on project management and design expectations. This communication programme also allowed an early definition with the regulatory body on the PSAR structure and contents resulting in a straightforward PSAR elaboration and review process. This last constitutes an important lesson learned from the safety assessment and licensing process.

The site evaluation allowed gathering all the necessary information to fully characterize the site, including the information necessary for safety assessments. The RA-10 Reactor site evaluation included specific studies in the areas of seismic hazard characterization, flooding hazard characterization and aircraft impact studies. For such specialized studies it was necessary the participation of external organizations, mainly universities, and required an important effort in the elaboration of the specifications for those studies as to ensure that all the necessary information will be included in the study results.

The safety analysis included the elaboration of deterministic and probabilistic analyses that, when used complementarily, provide a powerful tool which allowed assessing the safety of the installation and identifying potential weaknesses. The safety analysis allowed concluding that the safety systems provided in the RA-10 design are adequate to implement the safety functions required during design basis events and extended design basis events. Probabilistic safety analyses allowed the verification of sequences with damage to the core or experimental facilities and provided the necessary information to verify compliance with applicable regulatory criteria. Particularly, a core damage frequency of 5.3x10-7 y-1 was derived, which is a value that satisfies international recommendations for new installations.

In the evaluation of engineering factors important to safety it could be demonstrated that the defense in depth principle has been adequately implemented in the reactor design. The assessment of other general and particular design criteria allowed concluding that SSC important to safety satisfies these criteria consistently with their importance to safety.

The elaboration of a safety classification of SSC procedure was key task which allowed an ordered and systematic assignment and its posterior assessment of requirements and acceptance criteria to SSC implementing safety functions. As a lesson learned in this area, the absence of international references for safety classification of SSC specific for research reactors makes this task a difficult and expensive effort in terms of time and resources.
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