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Sodium-cooled Fast Reactors (SFR) is one of the Generation IV reactor concepts selected to secure the nuclear fuel resources and to manage radioactive wastes. In the frame of the June 2006 French act on sustainable management of radioactive materials and wastes, French Government entrusted CEA (French Commission for Atomic Energy and Alternative Energy) to conduct design studies of ASTRID (Advanced Sodium Technological Reactor for Industrial Demonstration) prototype in collaboration with industrial partners.

The ambitious objectives of ASTRID reactor are to fulfil the GEN IV requirements. It has led to the implementation of innovative technological solutions which go beyond the current feedbacks. Necessarily, these innovations will have to be consolidated within the framework of Research & Development actions and qualification programs.

In its Basic Design stage, ASTRID has built a coherent conceptual design configuration with innovative techniques and systems across all domains: core, fuel assembly technology, nuclear island, civil engineering, energy conversion system, plant layout, ISI&R, fabricability, … and even in the project management.

The object of this document is to provide an overview of the significant innovations under consideration on ASTRID. It will also present the partners contribution to this seek for innovations for better performances and/or enhanced safety.

Introduction

Fast neutron reactors have a large potential as sustainable energy source. In particular, Sodium Fast Reactors (SFR) with a closed fuel cycle and potentialities for managing radioactive waste, allow improved use of natural resources and minimization of high level waste. Among the fast reactor systems, the sodium cooled reactor has the most comprehensive technological basis as result of the experience gained from decades of worldwide operation of several experimental, prototype and commercial size reactors.

A June 2006 French law on sustainable management of radioactive materials and wastes requests that, concerning transmutation of long-lived radioactive elements, studies and investigations shall be conducted, in order to provide by 2012 an assessment of the industrial prospects of those systems. Fast Reactor strategy was confirmed in May 2008 at Ministry level and in September 2010 an agreement was published between CEA and French Government in order to conduct design studies of ASTRID prototype and associated R&D facilities [START_REF] Gauché | The French Prototype of 4th Generation Reactor: ASTRID[END_REF].
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The ambitious objectives of ASTRID require the implementation of innovating technological solutions which go beyond the current feedbacks. These solutions will be further developed in the next phases of ASTRID design studies, keeping a strong interaction between design, R&D and programs of qualification. [START_REF] Gauché | The French Fast Reactor Program -Innovations in Support to Higher Standards[END_REF] The object of this document is to list the innovations under consideration on ASTRID and the profit expected compared to the reactors of the past. Both water-steam Power Conversion System and gas Power Conversion System, specific innovations are described. The objective is to provide a large overview of the significant innovations under consideration on ASTRID (without being exhaustive). This document covers not only the technological innovating solutions but also the innovations in terms of methods and tools. 

Technological innovating solutions

Water steam Power Conversion System & Steam Generator

Hydrogen detection at low temperature: Sodium circuits of the Hydrogen detection are heated in order to initiate the decomposition of soda and to maintain a correct permeability of the membranes. This device enhances the detection time in case of a leak in the tubes of the steam generator at low temperature (between 200 and 350°C). 

Gas Power Conversion System (Brayton Cycle) & Gas Heat Exchangers

Plate heat exchanger: Sodium / Gas Heat Exchangers are Plate heat exchangers (plates are engraved or machined). The power of the Sodium Gas Heat Exchanger is 187.5 MWth. The Heat exchanger modules are located inside a pressurized vessel, playing also a "header / gas pipes / safety containment" functions. 

Management of sodium leaks and fires by retention of the aerosols and partitioning:

There is no non-isolable outside discharge of the containment, in particular no outside discharge of sodium fires overpressure. Sodium leaks and fires are managed by the installation of sodium compartments adapted to the various zones. Inerting systems, to avoid fires, are also considered in secondary loop channels. These provisions are applied to the reactor building and Steam Generator buildings. 

3.2.Computational tools

The selection process of certain design options and the safety studies of the ASTRID reactor rely on the use of scientific computing tools, some of which require the development of new functionalities to fully address the needs and particularities of this new reactor.

A new generation of tools is implemented for the Basic Design phase of the ASTRID project, in compliance with the regulatory and schedule requirements such as:

Computing Fluid Dynamic Coupling system for thermos-hydraulic studies of the primary circuit, Neutron & thermo-hydraulic chaining for the neutron activation calculation of primary sodium, 3D dynamic models for the structures of the primary circuit,
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 234 FIG. 1. -Innovations location in the primary circuit ASTRID Project Business Confidential Information, CEA and AREVA property designs

  (Contributor: AREVA NP) Passive acoustic detection is envisaged for the average and large leak detection (> 100 g/s) in the tubes of the steam generator. (Contributor: AREVA NP) Inspection of tube bundle of the Steam Generator: Ultrasonic inspection of tube bundle of the Steam Generator is performed via immersed autonomous flexible probes (in water). (Contributor: AREVA NP) Sodium flow (inlet-outlet) in the Steam Generator in the lower part: This concept is based on the creation of a buffer zone at an intermediate temperature between the inlet and the outlet in order to reduce the thermal loadings on the structures of the Steam Generator. (Contributor: AREVA NP)

  FIG. 2. -Innovations location in the nuclear island ASTRID Project Business Confidential Information, CEA and AREVA property designs

3 . Engineering, Management and Computational tools innovations 3 . 1 .

 331 Structure with remote acquisition: The acquisition units are at nearest position with possibility of locally pre-treatment and transmission of information to the centralized control by fiber optic. (Contributor: AREVA NP) Smart sensors are implemented. Transmission of the data is performed with a connection to the automats by fiber optic connection. (Contributor: AREVA NP) Engineering & management methods Beyond the technical innovations described, ASTRID plays a part of precursor in the implementation of new engineering methods such as: System engineering (in particular with the implementation of the requirements traceability, product and functional Breakdown Structures, interface data management, technical data management, configuration & evolution management), 3D Mock up: For the general installation and the architecture of the buildings exchanges are done via a 3D Mock up. done on the design to take into account transversal needs such as: physical protection, organizational and human factors, codes and standards aspects, waste, environmental aspects, operability availability, operating conditions. Studies are undertaken in close cooperation with many partners in all technical areas of work. Each company brings its expert testimony in terms of design and construction to produce a new global layout as presented on FIG.4.The CEA has set up partnerships with French and foreign industries who are providing both technical and financial support. These partnerships are based on bilateral collaboration between the CEA and the relevant industrialist. This type of agreement, a win-win relationship, enables an easier collaborative work.

FIG. 4 .

 4 FIG. 4. Global layout of ASTRID at starting of Basic Design ASTRID Project Business Confidential Information, CEA and AREVA property designs

  

  

  

2.2. Primary circuit and other systems in direct interface Warm metal slab: The

  

	clad
	containing a stacking of natural B4C sleeves. (Contributor: CEA)
	Reflectors: MgO Reflectors with tight pencils containing MgO pellets, have better efficiency
	than steel reflectors. (Contributor: CEA)
	slab has a mechanically welded frame, made of slightly allied steel
	and functioning at 120°C in average. Cooling is carried out by a circuit in air with entries and
	exits on the face side of the slab. Warm metal slab avoids sodium aerosols deposition and
	enhanced resistance to accident. (Contributor: AREVA NP)
	Rotating plug sealing: Polymeric joints (inflatable joint type or -shaped joint) are envisaged
	for the dynamic sealing of the rotating plug. It offers a more compact design than liquefiable
	metal seal. (Contributor: TECHNETICS)

2.1. Core innovations

Low sodium void effect core is achieved by axial heterogeneous Core with sodium plenum in the upper part of the assemblies, dismountable Upper Neutron Shielding in boron carbide enriched in 10B, axial fertile plate in the internal core. (Contributor: CEA) Fuel-pin clad in austenitic steel for the first core and then planned with ODS steel (Oxide Dispersion Strengthening) for a better lifespan. (Contributor: CEA) ASTRID design allows Recycling Pu from PWR. (Contributor: CEA) Electromagnet Curie point: A Safety Complementary Device for Prevention will release control rod by loss of bearing capacity of the electromagnet if the core temperature increases too much. (Contributors: JAEA-MHI-MFBR & CEA & AREVA NP) Hydraulic rods: A Safety Complementary Device for Prevention will fall if the sodium flow decreases too much. (Contributor: CEA) Lateral neutron shielding assemblies in boron carbide (B4C) are made up of a sealed
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  achieved using a derived cold flow from the strongback lower plate through pipes routing to the main vessel cylindrical part. Immersed weir limits the risk of gas entrainment and ensures creep and fatigue resistance of the main vessel over 60 years.

	(Contributor: AREVA NP)

Metal joints for the crossings of inner vessel by the intermediate heat exchangers: Metal

  

	joints "piston ring seal" type will replace the gas chamber concept used on Phenix reactor. It
	will avoid risk of gas transfer in the cold plenum. (Contributor: AREVA NP)

Tee fitting between diagrid and primary pump

  : A tee fitting is recessed in the strongback to connect primary pumps with diagrid. Tee fitting is less cumbersome than a spherical connection and got a better thermo-mechanics properties.

(Contributor: AREVA NP) Optimized thermos-mechanics Intermediate Heat Exchanger (IHX): IHX have got tube bundle with expansion loops which give better thermo-mechanics properties. (Contributor: AREVA NP)

Automatic welding of the vessels in 316L (N) by TIG process or other automatic processes (wire flow, welding with Metal inert gas MIG or with Metal active gas MAG…). These processes will provide a better quality and productivity gain.
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  implemented on the hot and cold legs. These two large valves per loop (butterfly valve diameter of 700mm) guarantee an extension of the confinement in long term in case of energetic accident leading to a loss of the Intermediate Heat Exchanger integrity. (Contributor: VELAN) Electro Magnetic Pumps are implemented on Secondary Sodium Loop on the cold leg. Electromagnetic pumps are designed to procure a large sodium flow. This choice is motivated by a reduction of length and complexity of the loop, a simpler technology than mechanical pump, a higher reliability and a reduced maintenance. (Contributor: TOSHIBA)

	Effective

leak detection systems: 3 concepts development is in progress on: Multi-layer Heat insulator (in air or inert medium), shifted heat insulator, detection by fiber optic. (Contributor: CEA)

2.14. General installation Distant and compartmentalized containment:

  The containment is compartmentalized with a polar table, above the slab, which create an attic with low leak rates. The containment is distant, realized by the building with steel liner or sealing resin or steel concrete structure.

	(Contributors: AREVA NP & BOUYGUES)
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Methodology of determination of the chemical impacts due to discharge of soda products.

Conclusion

The ambitious objectives of ASTRID require the implementation of innovating technological solutions which go beyond the current feedbacks; and significantly different compared to the former projects. These solutions will have to be consolidated with R&D and qualification programs in continuation of the project.