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Appendix T

Description of the planned sustainable Swedish network for Gen-IV research and development
The aim of the project is to build up a sustainable national Gen-IV network in Sweden and strengthen the national expertise for new generation nuclear reactors concerning:
1. Materials (structural materials and fuel) 

2. Coolant chemistry (moderator/coolant)

3. Corrosion: coolant - structural materials interaction as well as fuel – structural materials interaction 

4. Activity build-up 
5. Reactor physics, dynamics and diagnostics

6. Core and fuel design

7. Thermal-hydraulics
8. Reactor safety 

9. Waste disposal  

10. Infrastructure (facilities and tools)
Each of these issues is critical for the Generation II and III nuclear reactors and thus a great attention must be paid to understand and improve them for the new generation reactors. Moving towards the new generation nuclear reactors can bring new questions too, and thus a thorough investigation of the common as well of the new features is essential.
The outcome of each task will be identification of existing capabilities and gaps, as well as giving recommendation for further development in the field to meet the requirements which will arise in Gen-IV applications. In particular, areas in which Swedish organizations can make significant contributions will be highlighted. 

A. Materials (structural materials and fuel), coolant chemistry, activity build up and corrosion
Challenges for materials selection for Gen-IV nuclear reactors are related to maximization of the nuclear fuel efficiency, minimization of the disposed wastes, identification and development of materials and alloys that can safely operate under the corresponding environmental conditions present in Gen-IV reactors [1,2]. Understanding the properties of structural and nuclear materials is essential for predicting their long-term behavior, and thus theory, modeling and experimentation together can provide the proper solution.
B. Reactor physics, dynamics and diagnostics, core and fuel design

The fuel technology and core design principles proposed for Gen-IV reactor systems are quite different from what is used in reactors of today. In order to fulfil the goals of efficient resource utilisation and reactor safety, the Gen-IV cores will face challenging operating conditions, higher neutron flux levels, longer irradiation periods etc. The fuel itself must withstand these conditions and a rigorous qualification effort is required to develop fuel alternatives that demonstrate reliable operation, at the same time being possible to fabricate efficiently, and being compatible with reprocessing techniques. 

Assuring safe and reliable operation, with efficient use of fuel, is a general challenge to the core design, which will take on different demands for Gen-IV type reactors. Different nuclear properties will lead to a unique reactor dynamic behaviour and response to transients.

Neutronic features unique to Gen-IV reactors need to be accurately predicted with reliable calculation tools. The development of advanced codes for Gen-IV reactors is based on theoretical models of the neutron physics, combined with continuous experimental work to confirm their validity.

Reactor diagnostics based on detection with the purpose of measuring essential parameters like power and safety margins, as well as to detect anomalies, will continue to play an important role in future systems. Suitable methods and technology will have to be developed. 

C. Thermal-hydraulics
The objective of this task is to identify and review the existing tools for thermal-hydraulic design of Gen-IV reactors. Clearly, to meet the designing goals, the thermal-hydraulic tools have to satisfy very high requirements in terms of accuracy, reliability and versatility of available models. In particular, Gen-IV reactors will employ various types of fluids as coolants, including gases (helium), liquid-metals (sodium, lead-bismuth) and liquids (supercritical water [4, 5], molten salt). Thus, proper simulation capabilities using these fluids have to be available.

Accurate and reliable thermal-hydraulic design of Gen-IV reactors will be required for proper evaluation of thermal margins and peaking factors in the nuclear core. The former will be required for over-all safety evaluations, whereas the latter will be needed for design optimization, to reduce the peaking factors to such levels that will make the core design feasible for selected construction and fuel materials. To meet the accuracy requirements, the future thermal-hydraulics tools will have to be able to address multi-scale and multi-physics problems. The former is referring to coupling of phenomena on micro-scales with system scales, whereas the latter concerns combined simulation of thermal-hydraulics, structure dynamics and neutronics.

D. Reactor safety

Nuclear energy systems must be designed so that during normal operation or anticipated transients safety margins are adequate, accidents are prevented, and off-normal situations do not deteriorate into severe accidents. At the same time, competitiveness requires a very high level of reliability and performance. Gen-IV systems will face new challenges to their reliability at higher temperatures and other anticipated conditions. Gen-IV systems have goals to achieve high levels of safety and reliability through further improvements of today’s standards and seek simplified designs that are safe and further reduce the potential for severe accidents and minimize their consequences [6].
Existing methods and strategies to simulate reactor transient and accident events are further developed or replaced by new methods and methodologies.

In the area of severe accidents, work is on-going in further development of tools and methodologies in general for severe accident analysis, and deterministic/probabilistic methods in risk assessment.

In the area of prevention, there will be a focus on adding to the ability to perform high-fidelity numerical predictions of the reactor behavior in abnormal transient scenarios of safety significance.

E. Waste disposal

Most of the six Gen-IV systems employ a closed fuel cycle to maximize the resources base and minimize high-level wastes to be sent to a repository. Three of the six are fast reactors and one can be built as a fast reactor, one is described as epithermal, and only two operate with slow neutrons like today's plants [4]. For the Gen-IV systems the management of high-level wastes and, in particular, management of plutonium and other actinides is crucial [4]. 
F. Infrastructure

An overview of Swedish infrastructure both in the form of experimental facilities and in the form of personnel competence for Gen-IV issues will be reviewed.
The project consists of the following steps:
· Mapping for Swedish participants in EU projects on Gen-IV with identification of key people involved in research on Gen-IV issues, as well as listing of the existing facilities in use for research on next generation of nuclear reactors.

· Make a survey on the on-going activities and collaborations for research on Gen-IV reactors issues describing shortly the Swedish experience within the EU projects

· Mapping for the computer codes in use in Sweden as well for the most relevant codes in used in the world for Gen-IV research

· Make plans for collaborations and contact key persons both international and national.

· Spreading knowledge on Gen-IV issues and ongoing research to different parties involved in the nuclear field, such as LWR licensees and universities.

· Increase the awareness of Gen-IV in training by e.g. collaboration with existing nuclear young generation societies, universities, by e.g. giving presentations on Gen-IV issues
· Define a sustainable national Gen-IV program (take the GEN4FIN as a valuable example)

Planning stage of the project

This project is planned for a period of one year (2009) and has the aim to build a sustainable Gen-IV network in Sweden which will provide a platform for national and international collaboration within Gen-IV issues. The present project involves three partners: two universities, Royal Institute of Technology and Chalmers and a research institute, Studsvik Nuclear AB (coordinator). During the project performance the goal is to enlarge the platform so that all Swedish universities with a Gen-IV activity as Uppsala University are included. Also industry partners are planned to join the platform. Important partners are Vattenfall and E.ON. Both are contacted and welcome the initiative and are ready to play an active roll in the work. Among other companies manufacturers of materials, instrumentation and control etc. also might show an interest.
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Figure 1. Illustration of the starting point for building up a sustainable network for Gen-IV issues in Sweden
Division of responsibility between partners
	Actions
	Studsvik
	KTH
	Chalmers

	Materials for new generation reactors (structural materials and fuel) 
	X
	X
	X

	Coolant chemistry (moderator/coolant)
	X
	
	

	Corrosion: coolant - structural materials interaction as well as fuel – structural materials interaction 
	X
	
	

	Activity build-up 
	X
	
	

	Reactor physics, dynamics and diagnostics
	
	X
	X

	Core and fuel design
	
	X
	X

	Thermal-hydraulics
	
	X
	X

	Reactor safety
	
	X
	X

	Waste disposal
	X
	X
	

	Infrastructure
	X
	X
	X

	Organising lectures to which also young generation societies from all the Nordic countries are invited
	X
	X
	X


Activity organisation

Studsvik Nuclear AB project coordinator/other staff:  Clara Anghel/Sofia Björnsson, Anders Molander
KTH group coordinator/other staff:  Henryk Anglart/ Jan Wallenius, Tomas Lefvert
Chalmers group coordinator/other staff:  Imre Pázsit /Valentin Fhager, Christian Ekberg, Christophe Demazière 

Collaboration with other universities, research institutes and industry
The competence will be developed together with interested Swedish universities and industries. Several projects within the European Framework program for the development of Gen-IV nuclear power reactors are already in progress. The purpose is to be a part of these and other international collaborations. The purpose in the long run is to build an infrastructure for materials, corrosion and reactor chemistry issues, as well as fuel, reactor physics, thermal-hydraulics and plant dynamics issues related to Gen-IV reactors. 

Key partners:

In addition to the applicants: KTH, Chalmers and Studsvik the following key partners are identified: Uppsala University, Vattenfall and E.ON.
Financial plan

This funding application is aimed at establishing a sustainable Gen-IV program in Sweden that focuses on the reactor science and technology issues described in Appendix A. The network will have an advisory group. 
This application encompasses both funding for personnel and for organization of a seminar for exchange of information and training.

BUDGET (kSEK)




	
	Organisation short name
	Estimated budget (for 2009)

kSEK

	1
	Studsvik (project coordinator)
	500

	2
	KTH
	400

	3
	Chalmers
	400

	4
	Reserved for external support to the project
	200

	TOTAL
	1500
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