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The international fusion community has recently embarked on the construction phase of the ITER project to build and operate a 500 MWt fusion experimental reactor that will demonstrate the engineering feasibility of magnetic fusion by 2017.  The US Fusion Program must map its future research and development pathway to both support and benefit from ITER.   Any new major fusion research facility and/or program in US will have to demonstrate its contributions to developing fusion energy as a key part of its mission.  

The Fusion Energy Sciences Advisory Committee (FESAC) Panel on “A Plan for Developing Future Energy,” [1] has identified a fusion technology test facility as the necessary major device (in addition to ITER) for the integration of plasma physics and fusion power technologies.  The FESAC plan calls for ITER to be followed by a fusion device to demonstrate fusion power technologies, followed by the “Demo” which demonstrates the economic feasibility of fusion energy.  

The ARIES Pathways Study is a three-year integrated study to develop a detailed view of this development pathway. First, by comparing the anticipated results from ITER and other existing facilities, we will develop a comprehensive list of remaining R&D items for developing fusion.  Second, we will identify which of those items can/should be done in existing fusion or simulation facilities.  Third, we will develop potential embodiments for fusion test facilities needed to complete the required R&D and will explore their cost/performance parametrically.  The ARIES Team will take an integrated holistic approach in determining what is needed beyond ITER to develop attractive fusion plants to ensure that all R&D items are taken into account by considering the complete system rather than focusing on individual parts.  An important consideration will be to identify which of these activities can proceed in parallel with ITER.

To achieve these goals the ARIES Pathways study will build upon earlier work.  The “top-level” requirements for a fusion energy source were developed in consultation with representatives of the US electric power industry [2] and are reproduced in Table 1.  The ARIES Starlite study [3] followed the industry panel directions and carried out evaluation of the options for a fusion demonstration power reactor that built upon the design directions developed by the ARIES studies of fusion power plants. [4]

Table 1.  Top-level Requirements for a Fusion Power Plant [2, 3]

· Have an economically competitive life-cycle cost-of-electricity

· Gain Public Acceptance by having excellent safety and environmental characteristics

· No disturbance of public’s day-to-day activities
· No local or global atmospheric impact
· No need for evacuation plan
· No high level waste
· Ease of licensing
· Be a reliable, available and stable electrical power source

· Have operational reliability and high availability

· Closed, on-site fuel cycle

· High fuel availability

· Capable of partial load operation

· Available in a range of unit sizes


To help guide the ARIES Pathways team, an Industrial Advisory Committee has been formed with membership from utilities, architect-engineering firms, fission reactor vendors and regulatory review. (Appendix 1)  This Advisory Committee met on June 13-14, 2007 to review the ARIES Pathways plans and to offer advice on ARIES Pathways directions.  The Committee, in general, agreed that the EPRI guidelines for practical fusion power are still valid and that the ARIES team’s prioritization of these guidelines, as noted on Table 1, was sound.  They noted that the desire for a range of unit sizes was not critical and that the correlation between discount rate and the amount of capital needed penalized large unit sizes.  High efficiency, in itself, is not vital, but high efficiency could help reduce capital cost for a given size plant and will reduce the thermal footprint of the plant.  Ability to dry cool the plant may be important.  Similarly, steady state operation of the fusion core is an economic imperative.  While the plant must deliver steady state electrical power, this might be achieved with a pulsed device by suitable energy storage, however, the cost of this could be extremely high and pulsed operation would impose significant fatigue effects that would impact the component lifetimes.  For economic reasons, too, partial load operation is not the intended operating mode.  But we do need to demonstrate that the plant can go through its initial licensing steps as well as routine start-up and shut-down.  Ability to hold indefinitely at very low power levels, perhaps at 5%, 10%, 20% and 50%, is needed.

Before a commercial fusion power plant could be considered, a demonstration fusion power reactor must be built and successfully operated.  It was the consensus of the Committee that there can be little difference between the essential features of a commercial plant and a Demo.  It is the role of the Demo to demonstrate the integrated performance of all the essential features of the commercial plant.  It must have the same physics characteristics, the same coolant, blanket, magnet and structural materials, power conversion system, maintenance system, and operating system as the commercial device.  The Demo must demonstrate to investors and regulators that fusion is a viable power source with acceptable performance and programmatic risks to the investors.  To this end, facilities before Demo must provide an integrated, prototypical environment to create the database and experience needed to finalize design and materials choices.  The Committee noted that it may be unrealistic to expect significant investment in the Demo by the utility industry.  They noted that demonstrations of new technologies in the past had generally been built with guarantees of taxpayer or rate-payer support.

The Committee pointed out a technological trend towards more detailed and thorough modeling and simulation to reduce testing requirements and development costs on large engineering projects.  This approach relies on accurate understanding of fundamental scientific principles, integration of the different systems with large scale simulation software, and planning of experiments or demonstrations to validate multi-physics interactions with optimized hardware and software solutions, thus the need for integrated analyses.  The final integrated experiment in a prototypical environment serves as a validation of expected results.  The Committee noted that this integrated validation of data, methods and designs in a prototypical environment is needed before proceeding to Demo.  To this end, the facilities before Demo must enhance the date base and experience needed to convince investors and regulators that fusion is a viable power technology.

The R&D that must be completed before a Demo could be built thus must ensure that Demo can satisfy a number of critical requirements.  Demo must use the same technologies as planned for an attractive commercial power plant.  R&D must develop those technologies if not already demonstrated.  Demo must show that all systems function as an integrated solution.  Construction of a Demo will require clear demonstration that its success will lead to an economically attractive power plant, including construction, operation, maintenance and decommissioning.  Demo must show that fusion is safe and must provide the data base needed to obtain regulatory certification of a commercial plant.  Demo must demonstrate waste recycle and/or disposal and decommissioning at acceptable cost.  Demo must prove acceptable economics, reliability, maintainability, availability and operability.  The construction and operation of Demo must show that the industrial infrastructure needed for this construction and operation exists or will exist when needed.  

It is the direction of the ARIES Pathways study to determine the R&D required before such a Demo could be built, and to evaluate where that R&D could be done and by whom.  Where possible, use of existing facilities will be recommended.  As needed, new facilities will be evaluated.  The ARIES Pathways Industrial Advisory Committee will continue to review the ARIES team’s progress and to offer advice from an industrial perspective.
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Appendix 1

Aries Pathways Study Industrial Adviosry Committee (30 September 2007)

	Organization
	Name

	Utilities
	

	EPRI
	TBD

	Southern California Edison 
	Loyd Wright 

	Architect-Engineers
	

	Bechtel 
	Larry Papay (ret.) 

	Washington Group International 
	Jadu Das 

	Shaw Stone & Webster 
	Reiner Kuhr 

	Reactor Vendors
	

	Westinghouse 
	Sam Harkness (ret.)

	Westinghouse
	Mario Carelli 

	General Electric 
	Eric Loewen 

	Areva 
	Finis Southworth 

	Regulatory Review
	

	ACRS 
	Said Abdel-Khalik 
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