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March 4, 2004

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

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

FROM: Shana Browde, Reactor Systems Engineer  /RA/
Regulatory Effectiveness and Human Factors Branch
Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research

SUBJECT: MEETING WITH INDUSTRY REPRESENTATIVES AND OTHER
INTERESTED STAKEHOLDERS ON OPTIONS FOR NON-LWR
CONTAINMENT FUNCTIONAL PERFORMANCE REQUIREMENTS

The staff held a public workshop on January 14, 2004, to discuss and solicit comments on the
staff’s initial efforts to develop functional performance requirements and criteria for the
containment design of new non-light water reactors (LWRs).  The meeting was well attended;
most of the stakeholders represented the nuclear industry or organizations within the
Department of Energy and the national labs supporting non-LWR design activities.  Attachment
1 contains the workshop agenda, Attachment 2 contains the list of workshop attendees,
Attachment 3 contains the NRC presentation slides, Attachments 4 - 7 contain the stakeholder
presentations, and Attachments 8 - 10 contain stakeholder comments. 

NRC staff introduced the topic of the workshop and provided a background of the issue.  The
staff stated that Staff Requirements Memorandum (SRM) on SECY-03-0047 directed the staff
to interact with industry experts and other interested stakeholders to develop options for
non-LWR containment functional performance requirements and criteria.  Stakeholder
presentations were given by representatives from PBMR Pty., Westinghouse, Framatome-ANP,
and General Atomics.  Following the stakeholder presentations, NRC staff led a discussion on
non-LWR containment potential functional areas, including:

1.  Contain fission products
2.  Prevent and mitigate severe core damage accidents
3.  Remove heat during accidents
4.  Protect safety equipment from natural phenomena, dynamic effects
5. Protect on-site workers from radiation
6.  *Physically protect vital equipment (security events)
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RES staff announced at the workshop that a future workshop will be held to discuss the staff’s
options prior to making recommendations to the Commission on the policy issue. A summary of
the workshop discussions is presented below.

Introduction
NRC staff opened the meeting by providing background information on the policy issue (see
Attachment 3).  The staff noted that the policy issue of the acceptability of non-LWR
containment designs emerged from the Pebble Bed Modular Reactor (PBMR) and the Gas
Turbine-Modular Helium Reactor (GT-MHR) pre-application reviews.  This issue, in the context
of future non-LWRs, was brought to the attention of the Commission in SECY-93-092, “Issues
Pertaining to the Advanced Reactor (PRISM, MHTGR, and PIUS) and CANDU 3 Designs and
their Relationship to Current Regulatory Requirements,” SECY-02-0139, “Plan for Resolving
Policy Issues Related to Licensing Non-Light Water Reactor Designs,” and most recently in
SECY-03-0047, "Policy Issues Related to Licensing Non-Light Water Reactor Designs."

The staff recommended in SECY-03-0047 that the Commission approve the use of functional
performance requirements to determine the acceptability of non-LWR containment designs,
and that if approved, the staff would develop the functional performance requirements.  The
Commission responded in a Staff Requirements Memorandum (SRM) dated, June 26, 2003, 
that the staff should first develop options for non-LWR containment functional performance
requirements and criteria, accounting for such features as core fuel and cooling system design
and interacting with industry experts and other stakeholders, and then to submit options and
recommendations to the Commission. NRC staff stated that the Commission will receive a
status report on this issue in April, 2004, and that the recommendations on the containment
functional performance requirements and criteria would be submitted late in 2004.

The staff noted that the NRC has an ongoing effort to develop a technology-neutral, 
risk-informed, and performance-based framework to license and regulate new plant designs. A
description of ‘defense-in-depth’ is currently being developed as part of the new framework.
The resolution of the containment functional performance policy issue will be consistent with the
defense-in-depth description. Additionally, special treatment requirements and generic
requirements, such as quality assurance, will be addressed in the framework and will be applied
to all containment functions.

Stakeholder Presentations
“PBMR Containment Design Philosophy”  E. Wallace, PBMR Pty. 
This presentation (see Attachment 4) identified the design functions for the PBMR module
building and concluded that while a vented, filtered containment structure is necessary for the
PBMR, functional requirements and criteria of a containment or confinement structure may vary
by plant type and design.  In response to questions from workshop participants, the presenter
stated that maintaining core geometry is not synonymous with preventing core damage, that the
PBMR containment structure is not pressure-retaining, and that venting the containment
requires power.

“PBMR Adapted for INEEL Co-Generation NGNP”  S. Caspersson, Westinghouse 
This presentation (see Attachment 5) emphasized that the PBMR containment system takes
advantage of the characteristics of the particle fuel and also concluded that a vented
containment concept is best for the adapted PBMR but that functional requirements for
containment/confinement structures would vary between plant designs.  The workshop
participants had questions about the severe accident considerations when co-siting nuclear
plants and Hydrogen plants, to which the presenter responded that the interface is not yet
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completely defined, but that this issue would most likely turn out not to be a large concern. The
workshop participants questioned what the term “severe accident” means for newer plants. 
NRC staff responded that the new framework will address the categorization of events and
accidents.

“The Framatome-ANP Indirect Cycle VHTR”  S. Mazurkiewicz, Framatome-ANP 
This presentation (see Attachment 6) described the VHTR safety design approach, identified
reactor building safety functions, and stressed the importance of fuel performance and a highly
reliable pressure boundary in its approach to a containment system.  The reactor building is a
filtered, low-pressure structure that serves as a containment building for the Indirect Cycle
VHTR. 

“Gas Turbine-Modular Helium Reactor [GT-MHR] Safety Approach”  T. Quinn, General Atomics 
This presentation (see Attachment 7) emphasized that the design has a minimal reliance on
active systems.  Workshop participants asked whether studies were done on different
containment designs; the presenter stated that extensive studies and cost-benefit analyses
could not make the case for using a leak-tight containment structure for a GT-MHR, and that it
was a political decision to use a leak-tight containment on the plutonium-production plant in
Russia.

Potential Containment Functional Performance Areas
NRC staff presented the list of potential functional performance areas for non-LWR
containments (see Attachment 3):

1.  Contain fission products
2.  Prevent and mitigate severe core damage accidents
3.  Remove heat during accidents
4.  Protect safety equipment from natural phenomena, dynamic effects
5. Protect on-site workers from radiation
6.  *Physically protect vital equipment (security events)

and asked the workshop if there was anything to add to and/or change on the list. The
workshop participants stated that there needed to be a clarification between reactor safety
functions, containment safety functions, and where the two overlap.  Stakeholders also voiced
that the NRC should look at how to apply these safety functions to radiation sources outside of
the core.

Many stakeholders agreed that specific aspects of the containment building can only be
addressed in the consideration of a specific technology and design, and that generic
requirements are not very practical at a low level.  Stakeholders also generally agreed that the
NRC should make functional performance requirements technology-neutral (within the non-
LWR arena), but that functional performance criteria should be done on a design-specific basis,
and that for now, the NRC should focus on high-temperature, gas-cooled reactors (HTGRs)
while developing functional performance criteria.

The workshop participants generally agreed that functional performance areas 1 and 2 should
be combined and modified to an area such as “manage the release of fission products during
accidents.”  There was significant uncertainty expressed among stakeholders on the meaning
of “core damage” for non-LWRs.  None of the stakeholders knew what core damage or severe
accidents meant for non-LWRs as these terms are not well defined outside of the LWR arena. 
The staff stated that a definition for core damage, applicable to non-LWRs, had not yet been 
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established, but would be, as part of the new regulatory framework. 

Some stakeholders stated that only areas 1, 2, and 3 are primarily functions of the containment,
and that the other areas are really supportive functions.  Additionally, the workshop participants
noted that some of the functional performance areas are not exclusive functions of the
containment and can be accomplished or shared by other systems or structures.

Much discussion centered on the meaning of ‘containment,’ and whether the word was being
used to talk about the function of containing radionuclides or a physical containment structure. 
The workshop participants generally agreed that for the purposes of the discussions,
‘containment’ would refer to a structure and that ‘containment building’ and ‘reactor building’
could be used interchangeably; i.e. that the use of the word ‘containment’ did not necessarily
imply a building with pressure-retaining capability.  It was suggested that the title of the slide be
changed to “Potential Containment Building Functional Performance Areas” to emphasize that
the listed functions refer to an actual building rather than to the function of containing
radionuclides.

Stakeholders were asked if any functional performance areas needed to be added to the list,
there were no suggestions.

1.  Contain Fission Products
NRC staff opened the discussion on this topic by presenting the preliminary potential
performance requirements the staff had generated (see Attachment 3). The workshop
participants generally agreed that this functional area should be combined with the “Prevent
and Mitigate Severe Core Damage Accidents” area, with some changes to the wording.  It was
pointed out that some of the requirements listed on the slide may be accomplished by means
other than the containment.

The question: “Is it reasonable to expect to be able to seal off the building” was posed to the
workshop audience.  Workshop participants responded that the pressure-retaining capability
should not be forced through the regulations.  Many workshop participants thought that the
NRC should not require a containment building to be pressure-retaining, or to have the
capability to filter fission products, but that the regulations should focus on what dose
acceptance criteria need to be met outside of the reactor/containment building.  

Workshop participants questioned whether imposing a system (such as a filter system) through
the regulations would add more uncertainty to a reactor design.  They also commented that the
NRC should give credit to design features that enhance operator recovery.  Workshop
participants generally agreed that functional performance requirements need to account for the
role of the time in assessing functional performance requirements, and to consider time
available for taking mitigative actions. 

Workshop participants urged the NRC to take into consideration the thinking that went into
writing the LWR regulations rather than prescribing certain performance requirements simply
because that was what had been done in the past.  Additionally, workshop participants
encouraged the NRC to understand the design philosophy of the new reactors and to take that,
along with how to deal with very low core damage numbers, into consideration while
determining the functional performance requirements.

The questions: “Is this the right time to look at this policy issue?  Should the NRC wait to look at
this issue until it has an applicant to work with?” were posed to the workshop participants.  It
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was generally agreed that this policy issue should be looked at now, but at a higher level than
what was being presented (see Attachment 3).  The workshop participants generally agreed
that the NRC should develop functional performance requirements now and to develop the
associated criteria on a design-specific basis.

2.  Prevent and Mitigate Severe Core Damage Accidents.
NRC staff opened the discussion on this topic by presenting the slide in Attachment 3.
Workshop participants were again uncertain of what “severe core damage” means for new
reactors, and again suggested that this functional area be combined with “Contain Fission
Products.”  The workshop participants generally agreed that the combined functional
performance area should focus on the end results and include all accidents, and should be
worded similarly to: “Manage the release of fission products during accidents.”

Workshop participants generally agreed that the NRC should allow the designers to have
flexibility in dealing with uncertainties, and not to assume that the prevention of severe core
damage (however it is defined) is a function of the containment building.  The workshop
participants did not agree that fission product “retention” should be necessarily assigned to the
containment building.

A discussion ensued regarding how much defense-in-depth (DID) is needed in a plant design,
and how that DID should be achieved.  If there is reasonable assurance of fuel quality, is a
containment building a necessary element of DID?  How should the NRC ensure that the
designers have enough diversity, and not just less uncertainty, as part of their DID strategy?  Is
a containment building with the capability to be pressure-retaining necessary just in case the
fuel integrity is not as good as it was thought to be?

NRC staff voiced a concern that designers may pay too much attention to prevention and not
enough attention to mitigation.  Prevention and mitigation have to be balanced to have
appropriate levels of DID.  Mitigation is necessary for accounting for the unknown.  Workshop
participants responded by saying that there is no clear separation between prevention and
mitigation, that new reactor designs are not relying on just one thing to prevent accidents. 

The question: “Should there be an independent means of controlling fission products beyond
the reactor coolant boundary?” was posed to the workshop. Workshop participants responded
by saying that the NRC should focus on putting requirements on the conditions of an area
immediately outside of the containment (or reactor ) building, and not to look at how those
conditions are achieved.

NRC staff stated that new reactors need to account for completeness uncertainties, that safety
margins need to be in place for adverse phenomena or events that are not accounted for in the
safety analysis or the PRA.  Workshop participants responded by saying that there needs to be
a balance of accounting for completeness uncertainties with the integrated cost of the plant,
and again stressed that the NRC should establish basic dose criteria that needs to be met
under accident conditions while allowing the designer flexibility in how to meet that criteria.

3.  Remove Heat During Accidents
NRC staff opened the discussion on this topic by presenting the slide in Attachment 3.  An
industry representative stated that for the MHTGR, assuming that structural issues are taken
care of by the containment, the containment doesn’t need to have a role in heat removal.  It was
generally agreed that having the capability to remove heat is important as it adds to the time
available for recovery actions. 
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Workshop participants voiced that this function should not be assigned to the containment
building as heat removal can be accomplished with other systems.   Workshop participants
stated that the NRC should clarify whether this function is necessary for maintaining structural
integrity of the containment building or if it is important for the retention of fission products in the
fuel.  Another participant posed the question of how much redundancy and diversity should be
required for passive components.

Workshop participants were in general agreement that the reactor/containment building, no
matter what it looks like, must accommodate and not interfere with heat removal and recovery
actions for the purposes of maintaining fuel integrity, terminating fuel damage if such damage is
underway,  ensuring building and structural integrity, and facilitating recovery actions after an
accident.

4.  Protect Safety Equipment from Natural Phenomena, Dynamic Effects
NRC staff opened the discussion on this topic by presenting the slide in Attachment 3.  NRC
staff stated that while this function may be shared with other barriers, there is a role for
containment.  Workshop participants stated that they would prefer this requirement not be
assigned specifically to containment, and that the NRC would only require that provisions are
provided within the system structures and components to protect against the adverse effects of
natural phenomena.

5.  Protect on-site workers from radiation
NRC staff opened the discussion on this topic by presenting the slide in Attachment 3.  NRC
staff stated that this function is new and does not currently exist for off-normal conditions in the
regulations outside of control room habitability.  The staff noted that this function is not directed
at worker protection under normal operating conditions since that is well covered in 10 CFR 20.  

Workshop participants commented that there need not be additional regulations for worker
protection under accident conditions as the existing regulations were adequate, and suggested
that new plants use something similar to Severe Accident Management Guidelines (SAMGs). 
NRC staff pointed out that the SAMGs were created as an afterthought for LWRs, and that the
NRC is trying to develop worker protection in accident scenarios as part of the regulatory
framework for new reactors. 

The workshop participants generally agreed that this functional performance requirement
should require the reactor (or containment) building to accommodate and not to interfere with
recovery actions.

6.  Physically protect vital equipment (security events)
This topic was not discussed at the workshop.

Containment Structures, Systems, and Components Functionality
NRC staff opened the discussion on this topic by presenting the slide in Attachment 3.  NRC
staff stated that this performance requirement ensures that the containment building is able to
perform its functions under the conditions it is expected to perform in; and that this requirement,
along with other special treatment requirements, may be addressed instead via the new reactor
framework rather than in the context of containment functional performance requirements.

Workshop participants questioned why the containment would be singled out in this
performance requirement when this is something that would apply to all structures, systems,
and components (SSCs) for any new reactor.  A workshop participant suggested that if the
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NRC keep this requirement, that the wording be changed to: “Like all other SSCs in the plant,
the containment SSCs will be subject to the special treatment requirements of the new reactor
framework.”  The NRC staff responded that this functional performance requirement was
included for completeness and not to suggest that the containment SSCs were unique in this
regard.

Potential Evaluation Metrics
NRC staff opened the discussion on this topic by presenting the slide in Attachment 3. 
Workshop participants suggested adding the following evaluation metrics to the list: cost benefit
considerations, burden reduction, and consistency with the designers plans.

NRC staff responded that those items would be taken into consideration while weighing the
pros and cons for the options developed for each performance requirement, but that the list
presented (see Attachment 3) represented the factors that a safety regulator should consider
first and foremost (see Attachment 3).

General Discussion, Summary, and Wrap-up
NRC staff opened the floor for general comments and other points.  Workshop participants
indicated that they would like to have future opportunities to interact with the NRC on this topic
prior to the staff providing recommendations to the Commission.  NRC staff agreed that future
interactions would add much to the discussion and encouraged designers of HTGRs, liquid
metal reactors (LMRs), sodium-cooled reactors, and other non-LWRs to plan for a future
workshop with the NRC.

The meeting concluded with the general agreement that the workshop was very productive and
had provided for a good exchange of information.  NRC staff presented the key points raised
during the workshop; participants agreed that the list was complete.

Attachments:
1. Agenda
2. Attendance List
3. NRC Presentation
4. PBMR Presentation
5. Westinghouse Presentation
6. Framatome-ANP Presentation
7. General Atomics Presentation
8. Written comments from Nuclear Energy Institute
9. Written comments from PBMR (Pty), Ltd.
10. Written comments from Westinghouse

cc: w/o att.:
Standard Service List Addressees (See Attached List)
ACRS (M. Snodderly) FEltawila MDrouin CRCruz
OGC (G. Mizuno) MMayfield PKadambi JStarefos
AThadani CAder JLyons
JStrosnider TKing JWilson
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Memo dated: 03/04/04

SUBJECT: MEETING WITH INDUSTRY REPRESENTATIVES AND OTHER
INTERESTED STAKEHOLDERS ON OPTIONS FOR NON-LWR
CONTAINMENT FUNCTIONAL PERFORMANCE REQUIREMENTS

cc:
Mr. Ralph Beedle, Senior Vice President
    and Chief Nuclear Officer
Nuclear Energy Institute
1776 I Street, NW    Suite 400
Washington, DC  20006-3708

E. Mike Campbell
General Atomics Co.
P.O. Box 85608
San Diego, California 92186-5608

Dr. Arkal Shenoy
Director, Modular Helium Reactor Programs
General Atomics Co.
P.O. Box 85608
San Diego, California 92186-5608

Mr. Laurence L. Parme
Manager: GT-MHR Safety and Licensing
General Atomics Co.
P.O. Box 85608
San Diego, California 92186-5608

Mr. 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
 & Technology
NE-1, Room 5A-143
1000 Independence Avenue SW
Washington, DC  20585

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 and 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
1776 I Street, NW    Suite 400
Washington, DC  20006-3708

Dr. Edwin Lyman, Scientific Director
Nuclear Control Institute
1000 Connecticut Avenue NW  Suite 410
Washington, DC  20036

Horace R. Hall, Commercial Manager
Nuclear Business Team
UCAR Carbon Company, Inc.
P.O. Box 2170
Clarksburg, WV 26302-2170

Edward Quinn
MDM Services Corporation
Utility Operations Division
28202 Cabot Road, Suite 205
Laguna Nigual, CA 92677
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Memo dated: 03/04/04

SUBJECT: MEETING WITH INDUSTRY REPRESENTATIVES AND OTHER
INTERESTED STAKEHOLDERS ON OPTIONS FOR NON-LWR
CONTAINMENT FUNCTIONAL PERFORMANCE REQUIREMENTS

cc:
Mr. Vince Langman
Licensing Manager
Atomic Energy of Canada Limited
2251 Speakman Drive
Mississauga, Ontario
Canada L5K 1B2

Mr. Gary Wright, Manager
Office of Nuclear Facility Safety
Illinois Department of Nuclear Safety
1035 Outer Park Drive
Springfield, IL 62704

Mr. Charles Brinkman
Westinghouse Electric Co.
Washington Operations
12300 Twinbrook Pkwy., Suite 330
Rockville, MD 20852

Madeline Feltus
U.S. Department of Energy
NE-20, Rm. A286
Headquarters-Germantown
19901 Germantown Road
Germantown, MD 20874-1290

Patricia Campbell
Winston & Strawn
1400 L St., NW
Washington, DC  20005

Mr. Jack W. Roe
SCIENTECH, INC.
910 Clopper Road
Gaithersburg, MD 20878

Mr. David Ritter
Research Associate on Nuclear Energy
Public Citizens Critical Mass Energy
 and Environmental Program
215 Pennsylvania Avenue, SE
Washington, DC  20003

Mr. Tom Clements
6703 Gude Avenue
Takoma Park, MD  20912

Mr. James F. Mallay, Director
Regulatory Affairs
FRAMATOME, ANP
3315 Old Forest Road
Lynchburg, VA 24501


