
June 3, 2002

MEMORANDUM TO: Farouk Eltawila, Director
Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research

FROM: John H. Flack, Chief /RA/
Regulatory Effectiveness Assessment and Human Factors Branch
Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research

SUBJECT: MEETING WITH EXELON GENERATION COMPANY, DEPARTMENT
OF ENERGY, AND OTHER INTERESTED STAKEHOLDERS
REGARDING THE PEBBLE BED MODULAR REACTOR
(PROJECT 713), EARLY SITE PERMIT PROCESS AND FUEL
QUALIFICATION TEST PROGRAM

On March 28, 2002, the Nuclear Regulatory Commission (NRC) staff met with representatives
of the Exelon Generation Company (Exelon), the Department of Energy (DOE), and other
interested stakeholders to discuss the pebble bed modular reactor (PBMR) preapplication
review initiatives.  This was the 10th meeting held to discuss preapplication activities related to
the PBMR.  Attachment 1 is the agenda.  Attachment 2 is a list of the attendees.  Attachment 3
is a copy of NRR presentation slides concerning “Early Site Permit Activities”.  Attachment 4 is
a copy of slides used by Exelon for the “Pebble Bed Modular Reactor Fuel Qualification Test
Program” presentation.  Attachment 5 is the March 18, 2002, Working Draft paper on the
“Pebble Bed Modular Reactor - PBMR - Fuel Qualification Test Program,” that was available to
attendees.

Stuart Rubin (NRC) opened the meeting by stating the purpose was to discuss preapplication
activities of the PBMR, including Early Site Permit (ESP) activities and the fuel qualification test
program being developed.  He stated that important licensing issues include licensing basis
events, fuel fabrication and qualification, and the containment functional design, and that the
NRC staff output will be significant safety issues, Commission policy issues, and guidance to
Exelon on resolving these issues.  In his opening remarks, Kevin Borton of Exelon noted that
representatives from Exelon and PBMR would be taking part in the Exelon presentation.

The following summarizes the subsequent presentations:

Early Site Permit Activities

Jack Cushing (NRC) made a presentation of early site permit activities, as outlined in
Attachment 3.  Edwin Fox (NRC) noted that a memorandum of understanding (MOU) between
NRC and the Federal Emergency Management Agency (FEMA) had been noticed in FRN
47996, and he distributed copies of NUREG-0654, Rev. 1, Supp. 2, “Criteria for Preparation
and Evaluation of Radiological Emergency Response Plans and Preparedness in Support of
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Nuclear Power Plants, Criteria for Emergency Planning in an Early Site Permit Application,
Draft Report for Comment,” April 1996.  Jack Cushing noted that NRC would follow NUREG-
1555 in developing an environmental impact statement (EIS), and would obtain assistance from
the National Labs.

Any draft EIS will be published for comment to the Public, Industry, Government Agencies, and
other interested stakeholders.  All parties will be required to provide comments concurrently
during the comment period.

PBMR Fuel Qualification Test Program

Exelon presenters used Attachment 4 as a framework for their presentation concerning the
PBMR fuel qualification test program.  The presentation was made with periodic breaks for
questions from the audience.

Fuel Testing and Licensing

Peter Pagano (Exelon) described Exelon’s proposed approach to fuel testing and licensing. 
Points made during this initial portion of the presentation were that Exelon believes that (1)
there is a large body of data available on fuel that has essentially the same design as that
proposed for use in the PBMR, (2) the PBMR test program will be confirmatory in nature with
test results used to show production fuel complies with “PBMR Licensing Basis Performance
Requirements,” (3) test results are not required for approval of a COL (combined construction
and operating license), although “some early results may be relevant,” and (4) manufacture of
the initial core load could be completed prior to completion of the test program.

NRC staff responded with questions regarding (1) testing necessary to qualify the proposed
PBMR design before a license could be issued, (2) applicability of data on AVR (former German
HTGR) fuel in qualifying the fuel proposed for the PBMR, (3) relevance of data from the testing
of fuel other than that proposed for the PBMR, if the fuel was different (e.g., enrichment and
fuel loading) or would be exposed to different operating conditions, and (4) the need to identify
the licensing basis events.

R. Krich said the PRA (probabilistic risk assessment) is being developed and that the PRA and
peer review would address emergency planning basis events, that is, beyond design basis
events.  He also stated that the proposed PBMR will have a containment, but the containment
leakage characteristics will be different from that of existing LWR (light water reactor)
containments.  John Flack (NRC) noted that there is a future meeting planned for
containment/confinement.

Production of PBMR Fuel

Peter Pagano continued the presentation with material on the production of PBMR fuel.  The
main point was that the TRISO fuel proposed for the PBMR was essentially the same as the
German AVR 21-2 fuel, on which data was available.

NRC staff responded with questions regarding (1) parameters to be monitored and fed back
into the fuel fabrication process, (2) the basis for selecting pebbles for testing considering the
possible variability of batches, (3) if pebbles will be selected randomly for testing after
production has reached equilibrium, what is the specification for the point at which equilibrium
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has been reached, (4) if AVR 21-2 is the reference fuel that PBMR plans to produce, how are
data on other fuels relevant, if they have different distributions of parameters and properties,
and (5) if tests were performed on a defect rate, how would they be designed to reflect normal
operating and accident conditions.

J. Venter stated that coated particle design does not change, although enrichment and other
things might.  R. Krich added that they want to test to confirm that the proposed fuel behaves
the same as fuel tested previously.

When asked when the NRC will get to consider the characteristics of the final fuel design, which
is now proprietary, R. Krich replied that it will be some time later this year.  When NRC staff
noted the is a need to know the key process variables, J. Venter replied that it is at the basic
design development stage.  Staff noted the test fuel should meet the final fuel specifications.

Supporting International Data

P. Pagano continued the presentation with material on supporting international data.  The main
point was that much data is available on UO2 TRISO fuel similar to that proposed for the PBMR,
much of which is documented in IAEA-TECDOC-978, “Fuel Performance and Fission Product
Behavior in Gas-Cooled Reactors”.

When J. Venter stated that no problems had been experienced for the 81-88 TRISO group of
fuel, called “low enriched TRISO” with 8-16% enrichment, NRC staff asked whether testing had
been done of pebbles with the same proposed number of coated particles, and how the key
parameters varied with changes in conditions.  J. Venter said that you are really testing the
coated design, and that all TRISO family fuel is similar in that they use the German fuel design. 
When asked why there was no mention of results from US experience, J. Venter replied that
the US fuel was not the same and produced bad results.  NRC staff noted the US data would
be useful because it shows possible fuel behavior.

When NRC staff asked whether data was available for operation under conditions similar to
load following (mode of plant operation in which power is cyclically increased and decreased to
satisfy changing load conditions in a pattern that might be repeated, e.g., on a daily basis), R.
Krich stated there is no plan to have load following in the licensing basis.  J. Venter noted that
load can followed simply by changing the helium mass flow.

NRC staff continued with questions regarding (1) whether the test reactor data was
representative, as the IAEA report showed higher particle failures that did not seem to show up
in the test reactor results, (2) how testing will be done to simulate temperature transients similar
to that for accident conditions for the PBMR, (3) the maximum temperatures that will occur in
the PBMR, the technical basis for the maximum temperature, and how we know they will be as
expected (Venter replied that no one knows what the highest temperature will be), and (4) since
most testing has been out-of-pile heatup testing, how would you show in-pile heatup would be
the same in an accident?

J. Venter said you can cycle in a test reactor by changing temperature, but that it was difficult to
change temperature smoothly.  He added that in 45 hours, you could cause a change similar to
that for an accident, but if you want to test, you should test realistically.
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NRC staff continued with questions regarding (1) the reasons for the fuel specifications, (2)
computer codes that will be submitted for the proposed design, in order to get approval for the
test program, (3) source terms for the spectrum from normal to accident conditions, and for
conditions like air ingress.  J. Flack noted that questions about the codes could be included in
an RAI (request for additional information).  When R. Krich said they do not expect significant
air or moisture ingress, J. Flack emphasized that the NRC needs to know about air and
moisture ingress.

Fuel Qualification Testing, Overview, Fuel Failure Mechanisms, Key Parameters, Testing
Considerations, and Statistical Considerations

P. Pagano continued the presentation with material on fuel qualification testing, fuel failure
mechanisms, and testing and statistical considerations.  In the Overview section, P. Pagano
noted that “safety (heatup) testing” would be performed at 1600o C. (degrees centigrade), and
limited testing above this.

NRC staff responded with questions regarding (1) how data from this testing will compare with
model validation data for the source term, (2) plans to model diffusion coefficients in graphite,
considering the graphite matrix material can cause an order of magnitude difference in the
diffusion coefficients, (3) whether fuel performance can be related to operating data, or whether
fuel failures will be latent, that is, failure prone fuel will not exhibit failures until an accident
occurs, (4) PBMR data that will be used to indicate weakened fuel, and (5) the method that will
be used to determine why a particular batch of fuel exhibited a higher failure rate than
expected.  NRC staff recommended they consider draft Regulatory Guide DG-1096 (Transient
and Accident Analysis Methods) for methods to quantify uncertainty, when developing
experiments, and that this be done both for normal operations and transients.

When P. Pagano stated that “large air or water ingress and large reactivity insertion events are
low probability events,” NRC staff asked for a definition of “large,” and Pagano replied that large
was something that would significantly damage the fuel.  Pagano added that Exelon did not feel
these were licensing basis events and therefore did not plan to do testing for this.

Fuel Irradiation and Fuel Safety Testing, Post Irradiation Exams, and Review of Objectives

P. Pagano continued the presentation with material on fuel irradiation and fuel safety testing,
and post irradiation exams.  He then reviewed the objectives.

NRC staff said there was a need to understand where fuel begins to fail and how much margin
there is before failure.  R. Krich said that the behavior of the fuel is well known and there is no
need to take the fuel to the failure point, because they already know they will not get to that
point during operation.

NRC staff observed that testing at 1600o C. + 100o C., say “hot plus 100 degrees,” was
something, but what if you start with a larger “hot”?  It was also noted that information was
needed on the ALARA issue, that is, what will be the expected doses to workers.

Meeting Concluded

Edwin Lyman (Nuclear Control Institute) stated it was a mistake to think the proposed project
(1) did not need a containment [with design similar to that required for existing light water
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reactors], and (2) did not need full testing to prove the fuel would perform as predicted.  Another
comment made was that HTGR particles with identical manufacturing backgrounds performed
differently.

S. Rubin noted that there was a future meeting planned specifically for
containment/confinement issues.  S. Rubin thanked the meeting participants and attendees. 
He noted that the RAIs are due in early May.  He also noted that while this was not an
application stage, the white papers should be revised and supplemented to resolve the things
that came up at this meeting.

Attachments: As stated

cc w/o atts: See attached list
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Memorandum dated:

SUBJECT: MEETING WITH EXELON GENERATION COMPANY, DEPARTMENT
OF ENERGY, AND OTHER INTERESTED STAKEHOLDERS
REGARDING THE PEBBLE BED MODULAR REACTOR 
(PROJECT 713), EARLY SITE PERMIT PROCESS AND FUEL
QUALIFICATION TEST PROGRAM

cc w/o atts:

Ralph Beedle
Senior Vice President and Chief Nuclear Officer
Suite 400
1776 I Street, NW
Washington, DC  20006-3708

Marilyn Kray
Vice President Special Projects
Exelon Generation
200 Exelon Way
Kenneth Square, PA  19348

Edward F. Sproat, III
Vice President-International Projects
Exelon Generation
200 Exelon Way
Kenneth Square, PA  19348

Kevin Borton
Exelon Generation
200 Exelon Way
Kenneth Square, PA  19348

David Lochbaum
Union of Concerned Scientists
1707 H Street, NW
Washington, DC  20006-3919

Dr. Gail Marcus
U.S. Department of Energy
Office of Nuclear Energy, Science and Technology
NE-1, Room 5A-143
1000 Independence Avenue, SW
Washington, DC  20585
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Memorandum dated:

SUBJECT: MEETING WITH EXELON GENERATION COMPANY, DEPARTMENT
OF ENERGY, AND OTHER INTERESTED STAKEHOLDERS
REGARDING THE PEBBLE BED MODULAR REACTOR 
(PROJECT 713), EARLY SITE PERMIT PROCESS AND FUEL
QUALIFICATION TEST PROGRAM

cc w/o atts (continued):

William D. Magwood, IV
U.S. Department of Energy
Office of Nuclear Energy, Science and Technology
NE-1, Room 5A-143
1000 Independence Avenue, SW
Washington, DC  20585

Mr. Paul Gunter
Nuclear Information & Resource Service
1424 16th Street, NW, Suite 404
Washington, DC  20036

Mr. James Riccio
Public Citizen’s Critical Mass Energy Project
211 Pennsylvania Avenue, SE
Washington, DC  20003

Mr. Ron Simard
Nuclear Energy Institute
Suite 400
1776 I Street, NW
Washington, DC  20006-3708

Stephen Antonelli
Research Associate on Nuclear Energy
Public Citizen's Critical Mass Energy & Environment Program
215 Pennsylvania Avenue, SE
Washington, DC  20003
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S. Rubin noted that there was a future meeting planned specifically for containment/confinement
issues.  S. Rubin thanked the meeting participants and attendees.  He noted that the RAIs are due
in early May.  He also noted that while this was not an application stage, the white papers should
be revised and supplemented to resolve the things that came up at this meeting.

Attachments: As stated

cc w/o atts: See attached list
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MMayfield, RES    NGilles, NRR JMoore, OGC JCushing, NRR RMeyer, RES
PNorian, RES       JWilson, NRR JRosenthal, RES EFox, NRR RLloyd, RES
SCollins, NRR       ACRS JIbarra, RES RCaruso, NRR HFaulkner, OIP
CAder, RES AThadani/JStrosnider, RES
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Attachment 1

AGENDA

NRC Meeting with Exelon and DOE on the PBMR
March 28, 2002, 9:00 AM - 2:00 PM; 

ASLBP Hearing Room T3B45

9:00-9:15 AM Introductory Remarks (Stuart Rubin) NRC

9:15-9:30 AM Early Site Permit Application (Jack Cushing) NRC

9:30-10:45 AM PBMR Fuel Qualification Test Program (Peter Pagano) Exelon

11:45-11:00 AM Break

11:00-12:00 AM PBMR Fuel Qualification Test Program (Peter Pagano) Exelon

12:00-1:00 PM Lunch

1:00-1:45 PM PBMR Fuel Qualification Test Program (continued as needed) Exelon

1:45-2:00 PM Stakeholder Comments

2:00-2:15 PM Closing Comments NRC/Exelon
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NRC/EXELON/DOE MEETING ATTENDANCE LIST
MARCH 28, 2002

NAME AFFILIATION PHONE E-MAIL

Eugene Trager NRC/RES/DSARE 415-6350 eat1@nrc.gov

Kevin Borton Exelon Generation 610-765-5528 Kevin.Borton@exeloncorp.com

Peter Pagano Exelon Nuclear 610-765-5820 peter.pagano@exeloncorp.com

Johan Venter PBMR (Pty) Ltd +2712 6779505 johan.hventer@pbmr.co.za

RM Krich Exelon Nuclear 630-657-2813 rod.krich@exeloncorp.com

J.U. Kendall Exelon Consultant 928-776-9766 kendall@gv-llc.com

John G. Hufnagel Exelon Generation 610-765-5507 john.hufnagel@exeloncorp.com

Tom Miller U.S. Dept. of Energy 301-903-4517 Tom.Miller@hq.DOE.gov

Alice Caporiti US DOE 301-903-6062 alice.caporiti@hq.doe.gov

Brian Cowell Oak Ridge National Lab 865-574-0656 cowellbs@ornl.gov

Gary Bell Oak Ridge National Lab 865-241-4400 bellgl@ornl.gov

David Petti INEEL 208-526-7735 pti@inel.gov

Farouk Eltawila NRC/RES 301-415-7499 EXE@NRC.GOV

Steven Arndt NRC/RES 301-415-6502 saa@nrc.gov

Charles Ader NRC/RES 301-415-0135 cea@nrc.gov

Frank Odar NRC/RES 301-415-6500 fxo@nrc.gov

Ralph Meyer NRC/RES 301-415-6789 ROM@NRC.GOV

Fershid Shahrakhi Framatome 434-832-2923 Fshahrakhi@Framatome.com

Jim Riccio Greenpeace 202-319-2487 jim.riccio@wdc.greenpeace.org

Edwin Lyman Nuc. Control Institute 202-822-6594 lyman@nci.org
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Goutam Bagchi NRC/NRR/DE 301-415-3305 gxb1@nrc.gov

Raji Tripathi NRC/RES/DSARE 301-415-7472 rrt1@nrc.gov

Undine Shoop NRC/NRR/DSSA 301-415-2063 uss@nrc.gov

Ken Heck NRC 301-415-2682 kch1@nrc.gov

Richard McIntyre NRC/NRR/DIPM 301-415-3215 RPM1@NRC.gov

Dale Thatcher NRC/NRR/DIPM 301-415-3260 DFT@NRC.gov

Richard Turk Westinghouse 860-731-6633 richard.s.turk@westinghouse.com

Ron Lloyd NRC/RES 301-415-7479 RLL1@NRC.GOV

Anne Passarelli NRC/NRR 301-415-1463 aep@nrc.gov

Ralph Caruso NRC/NRR 301-415-1813 rxc@nrc.gov

N. Prasad Kadambi NRC/RES 301-415-5896 npk@nrc.gov

Yuri Orechwa NRC/NRR 301-415-1057 yxo@nrc.gov

Jose Ibarra NRC/RES 301-415-6345 jgi@nrc.gov

H. Faulkner NRC/OIP 301-415-2762 hjf@nrc.gov

Deann Raleigh LIS, Scientech 301-258-2551 draleigh@scientech.com

Jenny Weil McGraw-Hill 202-383-2160 jenny_weil@platts.com

Ted Quinn General Atomics 949-632-1369 TEDQUINN@COX.NET

Larry Parme General Atomics 858-455-2518 laurence.parme@gat.com

Stuart Rubin NRC/RES 301-415-7480 SDR1@NRC.GOV
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Jack Cushing NRC/NRR 301-415-1424 JXC9@NRC.GOV

Edwin F. Fox, Jr. NRC/NRR 301-415-2809 EFF@NRC.GOV

Ronaldo Jenkins NRC/NRR 301-415-2985 rvj@nrc.gov

Amy Cubbage NRC/NRR/NRLPO 301-415-2875 AEC@NRC.GOV

Donald E. Carlson NRC/RES 301-415-0109 dec1@nrc.gov

John H. Flack NRC/RES 301-415-5739 JHF@NRC.GOV

Jerry N. Wilson NRC/NRLPO 301-415-3145 JNW@NRC.GOV


