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1. Abstract. The paper explains the structure of German nuclear regulatory system, depicts the role of Gesellschaft für Anlagen- und Reaktorsicherheit (GRS) mbH as a German Technical Safety Organization (TSO) and offers the German model of the nuclear regulatory system as an example for embarking and re-embarking countries 
2. Introduction

Worldwide, the number of countries embarking or re-embarking on the use of nuclear energy and making more extended use of nuclear technologies is increasing. Safety and security are the highest priorities when handling nuclear materials, constructing and operating nuclear facilities, as well as managing radioactive waste. To comply with the international standards in these issues, both a strong national regulatory framework and an independent and powerful regulatory infrastructure should be developed.
For embarking and re-embarking countries, this requires strong technical and procedural knowledge to develop adequate nuclear regulations. Furthermore, sufficient infrastructure should be built to provide enforcement, licensing, oversight and inspections. These activities imply a variety of interrelated and fields ranging from radiation protection and nuclear safety to waste management and nuclear security.
The IAEA publications [1] offer international standards to develop relevant regulatory rules and mechanisms. Regarding the regulatory infrastructure, several models are available: the proper one shall be chosen according to the national economic, political, geographical and cultural specifics.
In Germany, the Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety, is the uppermost regulatory body acting as a decision maker, based on information supplied by several independent technical expert and inspection organizations. Gesellschaft für Anlagen und Reaktorsicherheit (GRS) mbH is Germany’s central expert organization in the field of nuclear safety and radioactive waste management. It carries out research and analysis in reactor safety, radioactive waste management as well as radiation and environmental protection. 
This model of separated independent TSO is believed to comply optimally with the objective to provide independent cutting-edge safety knowledge: All members of the European Technical Support Organization Network ETSON implemented this model to support their regulatory authorities.
3. TSO Model in Germany: the Organizational Structure and the Fields of Activities of GRS
GRS is an active force in the exchange of experience and the discussion among experts through intensive international networking, e.g. in the European Technical Safety Organisations Network (ETSON) and the IAEA TSO Forum.  As a non-profit organization, GRS is independent of any political and commercial influences and is strictly committed to the highest international standards and practices in nuclear safety. 
Internally, GRS departments are organized in the way complying with the main fields of its activities.
With its work as authorised expert organisation, in the field of Reactor Safety GRS assists and advises mainly the German Federal Government (BMUB and BfS, the Federal Office for Radiation Protection). 
An effective way of know-how transfer in the field of reactor safety research is the transfer of simulation codes for the safety assessment of nuclear facilities, accompanied by training in how to handle these simulation tools correctly. In the last years, the number of requests for code transfer has increased to about 50 per year.
GRS makes available its thermal hydraulics system code ATHLET and the severe accident simulation tools ATHLET-CD and COCOSYS. Together with our French partner IRSN, the GRS experts have been  developing the integrated severe accident code ASTEC since decades. Meanwhile this code has become the European reference tool in this field. 

After the accident at Fukushima Daiichi NPP, GRS performed a Simulation of selected severe accident phenomena using ATHLET-CD/ COCOSYS:
· Cooling of partly molten core, core melt relocation and fission product release from core,
· Fission product retention inside the pressure suppression chamber of boiling water reactors especially under saturated water conditions,
· Hydrogen distribution in the reactor building.
Recipients are among others universities, research institutions and regulatory authorities or TSOs that use these instruments for research, education and safety assessment in charge of their national regulators.
One essential function of GRS is the evaluation of Operating Experience of NPPs in Germany and abroad. If the analysis of an event yields new insights that apply to other NPPs, GRS files information notices providing recommendations for safety enhancing measures at German NPPs.
The scientific advice to authorities also involves the analysis of Generic Safety Issues as well as the technical support by expert opinions in federal supervisory procedures and in the further development of nuclear regulations and safety requirements.

A further task of GRS in connection with Emergency Preparedness is the technical and expert support of the BMUB’s emergency organisation in the case of an event or accident in a German or foreign nuclear installation. For this purpose, GRS operates its own technical emergency centre.
GRS’ long-standing experience and the results of its research and development activities influence the work as authorised experts in the field of Final Waste Disposal. GRS is consulted by Federal and Länder authorities whenever an expert opinion needs to be given on scientific-technical issues within the framework of licensing or supervision for repositories. Additionally GRS supports the BMUB in the preparation of regulatory fundamentals with regard to safety requirements and guidelines as well as in the development of assessment criteria.
Main task in Radiation Protection is the registration and assessment of the radiation exposure of occupationally exposed personnel and the optimisation of measures for its protection on behalf of BMUB. This personnel is composed of nuclear power plant workers, but also of medical practitioners and pilots. This classical field of radiation protection is closely linked with many different questions of radiation protection technology, such as dosimetry.
GRS also supports BMUB in questions of Decommissioning of nuclear installations. During dismantling, aspects of radiation protection have to be considered so that the decommissioning process can progress in a way that leaves man and the environment unharmed. Hence GRS work in this specific field comprises amongst other questions relating to the radiation exposure of the personnel as well as to waste management and the clearance of radioactive materials

Safety analyses of the Transport of Spent Fuel Assemblies and other radioactive materials are another important expertise of GRS. GRS provides regular information about the radiological effects that transports to the central interim storage create on the population and on the transport and accompanying personnel.

For Radiological consequence analyses of normal operation as well as of events and accidents in nuclear installations or in connection with the handling of radioactive materials simulation programs with in-house developed models are employed that also take into account complex meteorological and topographical conditions.
Radioecological Studies of GRS deal with the assessment of radioactive legacies and naturally occurring radioactive material. 
The expertise of GRS comprises all essential fields of nuclear safety and security (including e.g. safety assessment, development of advanced simulation codes, I&C, systems and component behavior, ageing management, external and internal hazards), safety of radioactive waste (e.g. waste disposal concepts, geo-chemical and geo-mechanical behavior), and radiation protection (e.g. fuel inventories, activation and consequence analysis and calculations, emergency preparedness, decommissioning).
Furthermore, GRS is involved in a variety of European INSC projects coordinated by the IRSN-GRS subsidiary RISKAUDIT. These projects mainly aim at building and strengthening regulatory infrastructures, supporting regulators in setting safety requirements or establishing QM, licensing of nuclear facilities and their decommissioning. Classically, the INSC program was targeted at the countries of the former Soviet Union, like the Ukraine, Belarus, and Armenia. Meanwhile the focus has widened e.g. to Mexico, Brazil, Vietnam and North African countries. Over many years, emphasis was put on the assistance to the Ukrainian regulator and his TSO in coping with the Chernobyl legacy.
Moreover, GRS has entered into bilateral agreements with foreign regulators. Our experts review safety analysis reports, perform PSAs and stress tests, assess internal and external hazards, and prepare advanced safety requirements. For example, GRS drafted the new Dutch safety requirements, which are guided by the latest German safety requirements and consider international safety standards of the IAEA [2] or WENRA.
4. GRS participation in national and international competence alliances 
In order to provide sustainability and permanent development of knowledge gained through decades, several national knowledge cooperation initiatives on nuclear technology have been launched by GRS. Within these knowledge clusters (Fig. 1) GRS activities include safety research priorities identification, implementation of the research results into validated methods and codes for safety assessment and relevant update of regulatory process. [image: image1.png]BGR
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FIG.1 GRS in national competence alliances on nuclear technology

At international level, GRS is engaged on behalf of the Federal Government in technical committees of international organisations such as the International Atomic Energy Agency (IAEA) and the Organisation for Economic Co-operation and Development (OECD).
On behalf of the BMUB, GRS provides the „INES Officer” and the IRS Coordinator for Germany. GRS contributes to the further development of the state of the art in science and technology by its own internationally integrated research and development activities. Through bilateral agreements and international assistance programs, GRS experts collaborate extensively with international regulators and TSOs and are rigorously committed to our value charter to exclude any conflicts of interest towards third parties. Today, GRS can successful experiences in supporting foreign regulators and their TSOs in capacity-building and in know-how transfer, particularly during licensing process. It consults regulators through the first three phases of the safety infrastructure development according to the Fundamental Safety Principles (INSAG-22):

· Building safety infrastructure before deciding to launch a nuclear power program (1st to 3rd year)

· Conducting safety infrastructure preparatory work for construction of a NPP       (3rd to 7th year) 

· Supporting safety infrastructure during implementation of the first NPP          (7th to 10th year).
The figure 2 below depicts the milestones and the progressive involvements of the GRS particularly in the licensing process activities of a regulatory authority: 
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FIG. 2 GRS support to a nuclear authority during the NPP licensing process
5. TSO characteristics and their role in the national regulatory system
Based on the knowledge gained through decades by TSOs worldwide, the embarking and re-embarking countries can build on the best international practices.. A prerequisite to do so in the best possible way is to understand the reasons for the differences in other countries, e.g. historical reasons or traditional distribution of responsibilities between stakeholders. 

International co-operation and the lessons of e.g. IAEA missions should be studied to get insights into national organisations and working principles in other countries and to make obvious good practices.

Another indispensable pillar of a successful regulatory system is the independence of the regulator with respect to political and commercial influences and strategies [3] as well as a science-oriented technical support with access to information, experiences and results of research worldwide. Independence is essentially promoted by independent institutional funding. 
The organisational pattern should provide transparent and stringent decision-making, clear structure of responsibilities, clear rules of interaction between the stakeholders. 

Over the long years of work of experienced TSOs, certain characteristics have emerged that make a competent TSO.
The ETSON partners have compiled these characteristics and have made them to the acceptance conditions for any TSOs planning to become a member of the network. This is to make sure that newcomers will be able to make relevant contributions to the work within the network and also to its further development.

Major characteristics are:

· Global view to perform safety assessments in accordance with the regulatory policy, with a broad scope and on a regular basis

· Development, maintenance and enhancement of a high level of competence safety assessment (knowledge, expertise, long standing experience)

· Maintenance of an adequate training and knowledge management programme for its staff.

· Maintenance of a R&D program allowing the development of new knowledge and techniques in support of its missions, and an independence of judgement from licensees.

· Independence to form and express its technical judgment autonomously from external interest with transparent funding

· Avoidance of conflicts of interest

· Transparency and openness in interaction with stakeholders such as government, public authorities, designers and operators, scientific community, international networks, general public media.

These criteria can be chosen for developing and upgrading the structure and functions of a nuclear research and technical organization if the decision is made to follow the described separate independent TSO model.
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