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INTRODUCTION

The ACRS Subcommittee on Future Plant Designs met on July 8, 2002, at 11545 Rockville
Pike, Rockville, MD, in Room T-2B3. The purpose of this meeting was to review and discuss
with the NRC staff the draft Advanced Reactor Research Plan and its implication on the NRC's
regulatory framework.

The Subcommittee received no written comments from members of the public regarding the
meeting. The entire meeting was open to public attendance. Dr. Med El-Zeftawy was the
cognizant ACRS staff engineer and the designated federal official for this meeting. The meeting
was convened at 8:30 a.m. and adjourned at 5:40 p.m.

ATTENDEES

ACRS Members

T. Kress, Subcommittee Chairman V. Ransom, Member
M. Bonaca, Member S. Rosen, Member
P. Ford, Member J. Sieber, Member
G. Leitch, Member G. Wallis, Member
M. El-Zeftawy, ACRS Staff

Principal NRC Speakers

F. Eltawila, RES J. Flack, RES
M. Drouin, RES S. Rubin, RES
J. Muscara, RES D. Carlson, RES
R. Lee, RES

Principal Industry Speakers: None.

A complete list of attendees is in the ACRS Office File and will be made available upon request.
The presentation slides and handouts used during the meeting are attached to the office copy
of these minutes.

OPENING REMARKS BY THE SUBCOMMITTEE CHAIRMAN

Dr. Thomas Kress, Subcommittee Chairman, convened the meeting at 8:30 a.m. Dr. Kress
stated that the purpose of the meeting is to discuss with the NRC staff the proposed draft
advanced reactor research plan and review its implication on the NRC's regulatory framework.
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NRC Staff Presentation

Dr. John Flack, Office of Nuclear Regulatory Research ( RES), stated that based on the
Commission's direction, the NRC staff made a commitment to develop an advanced reactor
research plan that would be used to develop and guide a comprehensive advanced reactor
research program. This plan would help formulate and set directions for research programs,
including programs to develop a regulatory framework for advanced designs, and analytical
tools and experimental data to independently assess the safety capacity of the new reactor
designs.

The new reactor designs that are being considered within the scope of the advanced reactor
research plan include the Pebble Bed Modular Reactor (PBMR), Gas Turbine-Modular Helium
Reactor (GT-MHR), Westinghouse AP-1000, and the International Reactor Innovative and
Secure (IRIS). Generation IV reactor concepts have not been included in the plan, because of
their preliminary stage of development. The plan, however, is expected to be a living
document, and will be updated later on to accommodate GEN IV reactor concepts, and other
designs such as European Simplified Boiling Water Reactor (ESBWR), Boiling Water Reactor
(SWR-1 000), and Atomic Energy of Canada Limited (ACR-700)

The RES envision the proposed research plan to be used in identifying the following:
* Key research areas and activities,
* Technical and safety issues and pathways to resolution,
* Methods and tools to address technical or safety issues,
* Technical staff responsibilities,
* Links and flow of information among the various technical disciplines,
* Key research outputs results and links to the regulatory process,
* Priorities used to allocate resources,
* Key milestones and resources over a 5-year period (FY 02- FY 06)

The proposed research plan originates from a technology-neutral perspective. The plan is
structured to capture both technical and potential safety issues that involve great uncertainties,
and identifies capabilities that will enable the staff to independently ask the right questions, At
this point, the plan does not delineate the research that will be conducted by the NRC. Rather, it
identifies information gaps that exist at NRC in terms of analytical tools and data.

Ms.Mary Drouin, RES, stated that a regulatory framework is needed to license and regulate
advanced reactors. NRC 's experience has been focused on current light water reactors
(LWRs) and has limited applicability to advanced reactors. The framework for current LWRs
has evolved without the benefit of insights from probabilistic risk assessments (PRAs) and
severe accident research. It is anticipated that PRA will play a greater role for the advanced
reactors. RES is proposing to develop an approach that would be applicable to all advanced
reactors and it is technology neutral". The approach will ensure an effective use of both
deterministic and probabilistic methods.

Dr. Joseph Muscara, RES, stated that the NRC needs to develop independent research and
expertise in the high-temperature materials area for high-temperature gas cooled reactors
(HTGRs) to evaluate and establish a technical basis for licensing advanced reactors. The
advanced reactors are significantly different from LWRs. The staff needs to examine the
behavior of high-temperature metals and graphite, higher coolant temperatures, a coolant that
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does not change phase, different degradation mechanisms such as creep, and the behavior of
metallic and graphite components. In HTGRs, graphite acts as a moderator and reflector as
well as a major structural component that may provide channels for the fuel and coolant gas,
channels for control and shutdown, and thermal and neutron shielding.

The staff needs to develop independent research capabilities in the materials area beyond the
licensing basis to understand safety margins and failure points and reduce uncertainties.
Potential technical issues that need to be addressed include the availability and applicability of
national codes and standards for design and fabrication of metallic and graphite components
for service in HTGR high temperature helium environments, lack of appropriate data bases for
calculating fatigue and creep, the effects of impurities including oxygen in the high temperature
helium, aging behavior of alloys, sensitization of austenitic alloys, treatment of pipes as a
vessel, degradation by carburization and oxidation of metals, performance of graphite under
high levels of irradiation, and lack of data on oxidation kinetics of reflector grade graphite.

Dr. Muscara added another potential issue could be for the Pebble Bed Modular Reactor
(PBMR) design is the understanding and prediction of the mechanics of pebble flow including
temperature effects on pebble friction and flow, mixing of fuel and graphite pebbles at the
central reflector core, compaction, hang-up, and bridging. The NRC staff needs to develop
independent research to gain confidence and understanding of defense-in-depth for the
advanced reactors.

Dr. Muscara indicated that the European Community (EC) and Japan (JAERI) have
considerable research on high-temperature materials for HTGRs. The EC research is currently
reviewing the state of the art on graphite properties to set up a suitable data base. The EC is
planning to perform oxidation tests at high temperatures on fuel matrix graphite and on
advanced carbon-based materials to obtain oxidation resistance in steam and in air. The EC
welcomes the NRC's participation in its high-temperature materials program. NRC participation
will be through the exchange of research results, and not funds. Cooperation with JAERI will

provide access to their high temperature corrosion data and design codes for the HTGRs.

Mr. Stuart Rubin, RES, briefed the Subcommittee on the HTGR fuel analysis. He stated that the
HTGRs (e.g., the PBMR and GT-MHR) have unique safety features and characteristics such

as the all-ceramic fuel element containing high integrity high performance TRISO coated fuel

particles (CFPs). The design of modular HTGRs involves many billions of CFPs contained
within hundreds of thousands of graphite fuel elements that comprise the fueled core. The

TRISO CFPs provide the principal safety barrier and primary containment function against

release of fission products (FPs) to the environment.

Mr. Rubin stated that the qualification of HTGRs fuels will be based on a wide range of

technical areas and specific factors such as FP release and particle failure rates. The technical
areas include fuel design, fuel manufacturing process, design specific core operating
conditions, design basis accident conditions, and postulated accident conditions beyond design
basis.

The purpose of the regulatory research plan in the area of HTGR fuel performance is to

establish NRC's infrastructure of knowledge, data, and tools needed for the performance
analysis of HTGR fuels with TRISO CFPs and IRIS fuels. This infrastructure is needed to
support the staffs review of a PBMR, GT-MHR, or IRIS application.
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The scope of planned research include irradiation testing, accident condition testing, analytical
codes and methods development, and fabrication knowledge and information. Mr. Rubin
indicated that to predict CFP performance, and a deterministic approach to the source term,
capabilities in a number of interfacing areas will be needed. These include nuclear analysis for
fuel bumup, fast fluence and thermal fluence, thermal hydraulic analysis of normal operating
core temperature distributions, and core temperature and flow distributions for fuel oxidation
during postulated air intrusion events. In addition, the FP release rates from the fuel during
normal operation and postulated accidents are key inputs to the accident source term
calculation. RES plans to build on international knowledge and experience.

Mr. Donald Carlson and Mr. Richard Lee, RES, briefed the Subcommittee on research activities
in the area of reactor systems analysis that includes thermal hydraulic analysis, nuclear
analysis, and severe accident and source term analysis. For the thermal hydraulic analysis of
helium-cooled, graphite moderated reactor systems, RES will develop an approach that
provides the data and modeling tools needed for specific heat transfer and fluid flow
phenomena, including 'multi-phase" fluid flow with convective, conductive and radiative heat
transfer in irregular and complex geometries. Research in the area of nuclear analysis will start
with the development of modern, general-purpose nuclear data libraries that will support all
nuclear analysis activities for reactor safety, materials safety, waste safety, and safeguards.

In the area of sever accident and source term analysis, Mr. Lee discussed the data and
analysis tools needed for evaluating the progression of credible severe accident scenarios
involving core damage phenomena such as fuel melting or high-temperature chemical attack,
and modeling any resulting releases and transport of radioactive Fps within and outside the
reactor system boundaries. RES will also capitalize on international program and activities and
will build on existing LWRs tools (e.g., PARCS, TRAC-M, and MELCOR).

SUMMARY OF SUBCOMMITTEE COMMENTS

* Dr. Kress noted that the development of FP release models for the TRISO fuels should
be considered as a key research need for the HTGRs. He indicated that the current
models for FP release in the MELCOR code are empirical and based on data obtained
from LWRs at burnup levels less than 45 Gwd/t.

* Mr. Rosen stated that the proposed Advanced Reactor Research Plan should include
Generation IV concepts and should address issues associated with technology concepts
that are significantly different from LWRs.

* Dr. Kress noted that the proposed plan should be developed for experiments to
investigate degradation and FP release characteristics of the advanced LWR's core with
very high burnup fuel.

* Dr. Apostolakis noted that a risk-informed approach for selecting design-basis events
and choosing acceptance criteria for the advanced reactors needs to be developed.

* Dr. Powers noted that design-basis accidents should not be considered in the advanced
reactor research plan. He added that design-basis accidents do create unnecessary
burden for both licensees and regulators.
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* Dr. Kress indicated that because there is a general need for large-scale integral testing
of new concepts, RES should evaluate the viability of "testing by test" concept.

SUBCOMMITTEE DECISIONS AND ACTIONS

This matter will be discussed during the ACRS meeting on July 11, 2002. The Committee
expects to write a letter on this matter.

BACKGROUND MATERIALS PROVIDED TO THE SUBCOMMITTEE PRIOR TO THIS
MEETING

1. Subcommittee agenda

2. Subcommittee status report.

3. U.S. Nuclear Regulatory Commission, Advanced Reactor Research Plan (Draft),
Revision 1, Office of Nuclear Regulatory Research, June 2002.

Note: Additional details of this meeting can be obtained from a transcript of this
meeting available for downloading or viewing on the Internet at
"http://www.nrc.gov/ACRSACNW" or can be purchased from Neal R. Gross and
Co., Inc. (Court Reporters and Transcribers) 1323 Rhode Island Ave. , NW.,
Washington, DC 20005 (202) 234-4433.
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