ARIES Pathways Study

Industrial Advisory Committee

Draft Meeting Notes 13-14 June 2007

 Committee Attendees:  Loyd Wright (Southern California Edison), Reiner Kuhr (Shaw Stone and Webster), Sam Harkness (Westinghouse), Eric Loewen (General Electric), Said Abdel-Khalik (GIT).

The ARIES Industrial Advisory Committee Meeting Agenda is attached

Welcome - Ken Schultz reviewed the agenda for the ARIES Pathways Industrial Advisory Committee meeting and summarized the general purpose of the meeting, which is to help ARIES define the expectations for the R&D planning that will be necessary to mitigate the risks associated with developing and building the first US Fusion Demonstration Power Plant.  Farrokh Najmabadi presented an overview (attached) of the ARIES Pathways program and summarized our charge to the committee.  

Introduction to Fusion Energy and Review of Fusion History - Don Steiner provided a synopsis (attached) of the evolution of the Magnetic Fusion Energy program to date.  He described the fusion process and key technologies necessary for fusion to be a viable power source. He reviewed the evolutionary national and international fusion experiments to date.  In response to questions, Don summarized why fusion is being pursued: It has a virtually infinite fuel supply; it promises to have a high level of safety including resistance to misuse or terrorism; it has the potential to be environmentally benign including producing modest quantities of manageable wastes; and it is expected to have reasonable costs.

Current Status of Fusion Development and the Role of ITER – Mickey Wade presented (attached) the fundamentals of tokamak physics and the requirements to achieve high plasma pressure, good particle and energy confinement, predictable plasma fueling and exhaust, and stable plasma control.  He described the current fusion experiments worldwide and described how ITER evolved, its current status and what is planned for ITER.  ITER will be a positive power producer for fusion and will validate many physics and fusion parameters, assumptions and capabilities. However, it will not validate the level of plasma performance needed to make an attractive reactor, nor will it demonstrate tritium breeding and high temperature heat extraction and thermal conversion.   Some systems are reactor relevant, but many are not reactor relevant.  The maintenance approach will likely require a complete power core redesign.

Of particular interest to the committee were discussions on handling the heat loads in the divertor and on the control and possible consequences of ELMs (edge localized modes) and disruptions.  An important part of the ITER physics program will be to demonstrate that ELMs and disruptions can be controlled and mitigated.  Even if ELMs and disruptions can be shown to not have any safety consequences, they could impact availability and economics unless they are controlled and avoided.

ARIES Pathways Program Overview – Farrokh Najmabadi described (to be provided) the prior ARIES role to examine and develop fusion power plant designs and operating features. In this study, the Demonstration fusion plant will be baselined as the ARIES –AT (Advanced Technology).  ARIES-AT offers the vision of an attractive fusion power reactor, based on advanced tokamak physics and advanced fusion power technologies.  The role of the ARIES Pathways study is to define the R&D needs to bridge the technology and operational gap between ITER and the US Demonstration power plant, which will be a precursor to an ARIES-AT commercial power. ARIES Pathways will define the R&D needed to bridge between ITER and an ARIES-AT-based Demo, and will suggest the facilities and machines that will be needed to carry out that R&D.  See the ARIES Program Logic, attached.  The intent is to define plans to minimize the economic risk to the developers, builders, and operators of the DEMO power plant.

Charge to the Committee – Ken Schultz asked the following questions (attached):

1. Are the prior EPRI “Criteria for Practical Fusion Power Systems” still valid and up to date?

2. What are the essential features of a DEMO relative to a commercial power plant?

3. What features would you need to see proven for industry investment in Demo?

Discussions – The Committee discussed the questions with the ARIES team.  The Committee was not asked to take any formal positions, but a consensus appeared to emerge in several areas.  These and individual comments are summarized below.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Overall ARIES Program:

San Harkness suggested that the overall ARIES program needs to be put in context.  What will the world look like when we’re trying to commercialize fusion?  Will there be constraints on carbon emissions?  Will nuclear power be widespread, limited (as now) or non-existent?

1.  Are the prior EPRI “Criteria for Practical Fusion Power Systems” still valid and up to date?

There was general consensus that the earlier EPRI study results were still valid and timely.  However, there was agreement that the criteria should be prioritized and that several of the items should be updated.

Sam Harkness - #1 Criterion is that it (Demo) has to work (at design specifications).  Sam’s comments are attached.

A.   Economics

Said Abdel-Khalik suggested that while economics are important, environmental issues will be more important.  

Reiner Kuhr pointed out that a utility will only be motivated to build a fusion power plant if it offers better economics than other options.  He asked if there is a way to monitize the environmental benefits of fusion.

There was agreement that availability is vital.  Potential critical flaws need to be addressed to give confidence the DEMO could achieve 70% availability and a commercial plant 90% or more.

Eric Loewen noted that earlier concerns about having size flexibility were less of concern today. Utilities are moving away from smaller power plants (~500 MWe) and more toward 1000-1200 MWe machines.  A 1000 MWe unit – or even larger - would be acceptable.  Modular construction for ease in fabrication, assembly and maintenance are more important than a small unit size.

All – Pulsed operation was being discussed.  Steady state operation is imperative for utility operations.

Reiner Kuhr stated that availability is vital.  We need to address critical flaws in the design to develop confidence in achieving reasonable availability before the utilities will be interested. (See Kuhr’s Comments)  The DEMO must achieve 70% availability for there to be interest in a commercial reactor. Operation at 90% is absolutely essential for a mature fusion plant.
All – The members gave mixed signals regarding the need for high temperature/high efficiency operation (with more advanced materials and blanket designs) but appreciated the need to push all other factors (efficiency, availability, recirculating power, and indirect costs) to keep COE low for a capital intensive plant. 

B.  Public Acceptance

Sam Harkness stated that he is concerned that we (ARIES) are overly conscious about low level of radiation and radioactive waste.  He suggested we just use austenitic stainless steel as it works and is easy to fabricate.  The challenge here is that these issues are perceived to be a serious impediment to expansion of nuclear power.  If fusion can avoid them, it should.

Loyd Wright stated that diversity in materials and designs is good as it spreads the risk.

Reiner Kuhr expressed concern about component lifetime in the fusion environment and pointed out that new materials will not have the data needed to support design and give adequate assurance of acceptable lifetime.

C.  Regulatory Simplicity

Eric Loewen express skepticism that fusion will be able to avoid remote siting and the need for engineered safety features – nor that it is necessary to do so.

Loewen also pointed out the need to have a complete data package on material performance before trying to get licensing approvals.

2.  What are the features of a DEMO relative to a commercial plant?

There appeared to be agreement that a DEMO must have essentially all the features of the commercial plant.  It is the role of the DEMO to demonstrate those features and technologies so that the risk of the commercial plant is acceptable for private investment.  These features include plasma physics parameters, power conversion technology and materials of construction.  Only the plant size and the net economics requirements could be relaxed.

Reiner Kuhr – Emphasized the need to implement a stable (international?) supply chain to share the developmental and production risks (ref, evolving commercial aircraft model).  The DEMO starts the supply chain for commercial application.

Sam Harkness stated that tritium will be a big issue.  We must be aware of the public sensitivity to this issue.

3.  What features would you need to see proven in order for industry to be ready to invest ~50% in a DEMO?

The Committee expressed skepticism that the utility industry would be willing to invest their funds in a DEMO.  It is the role of the DEMO to show that the risk of commercial plant is acceptable.  If DEMO proves the technologies and shows that the economics can be attractive, then industry will invest in the commercial plant.  

Reiner Kuhr stated that no nuclear plant has been built on private investment funds.  It has been either the federal government or the utility rate payers who have provided the funds.  A utility may build and operate the plant, but it won’t take the financial risk.   [This is surprising. ]

4.  General Comments

Define Demo and other facilities necessary to create the database and experience necessary to convince investors and regulators that fusion is a viable source of power.

The choice of materials and reactor components must be finalized and sufficient testing and operational experience need to be accomplished.

Reiner Kuhr - Pick out the fatal flaws and concentrate on solving them, e.g., steady state, and means to assure there are no disruptions (no run-away electron or high energy ELM discharges)

Provide necessary fidelity design and costing models to convince government and industrial financial experts that risk is reasonable.  (ARIES needs to show utility advisory committee our costing and availability study analysis and results.)
Reiner Kuhr - Concentrate on up front high priority decisions and do not worry too much about downstream issues.

Reiner Kuhr - Technology development necessary to reduce risk requires very large, expensive experimental facilities. (Solution may be to use smaller facilities, integrated with large scale simulations to minimize risk for DEMO.)

Sam Harkness – Candidate designs should be evaluated in the context of a weighted priority list.  At least three designs representing different material systems and energy conversion approaches should be considered.

