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FROM: Craig A. Hrabal, Nuclear Process Engineer (Criticality) /RA/
Technical Support Section
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Division of Fuel Cycle Safety

    and Safeguards, NMSS

SUBJECT: SUMMARY OF APRIL 28, 2006, WORKSHOP ON DRAFT
DIVISION OF FUEL SAFETY AND SAFEGUARDS-INTERIM
STAFF GUIDANCE-10

On April 28, 2006, U.S. Nuclear Regulatory Commission (NRC) staff met with members 

of industry and the public in the Workshop on draft Division of Fuel Cycle Safety and

Safeguards (FCSS)-Interim Staff Guidance (ISG)-10, entitled, “Justification for Minimum Margin

of Subcriticality for Safety.”  The purpose of this workshop was for NRC technical staff to

provide feedback to industry on the resolution of comments received on Rev. 1 of draft 

FCSS-ISG-10 as incorporated into Rev. 2 and to provide an opportunity for industry to clarify

any comments previously received.  The summary of the workshop is attached and includes the

list of attendees, workshop agenda, and NRC presentation slides.  This summary contains no

proprietary or classified information.
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Summary of the Workshop on Draft 
Division of Fuel Cycle Safety and Safeguards-Interim Staff Guidance-10, 

“Justification for Minimum Margin of Subcritiality for Safety”

Date: April 28, 2006

Place: NRC Auditorium, Rockville, MD

Attendees: See Enclosure 1

Purpose:

The purpose of this workshop was for U.S. Nuclear Regulatory (NRC) technical staff to provide
feedback to industry on the resolution of comments received on Rev. 1 of draft Division of Fuel
Cycle Safety and Safeguards (FCSS)-Interim Staff Guidance (ISG) -10 as incorporated into
Rev. 2 and to provide an opportunity for industry to clarify any comments previously received. 
This workshop was a Category 3 NRC Meeting with the public invited to participate during the
discussion.  The workshop agenda is contained in Enclosure 2.  The NRC slide presentations
are contained in Enclosure 3.

Discussion:

Section 1 - Purpose of Workshop, Introductions, Agenda, and Discussion Process

In welcoming remarks, the NRC thanked everyone for attending; encouraged attendees to
participate in discussions; discussed the objectives, goals, topics, agenda, and ground rules;
and initiated a “parking lot” for new issues.  The objectives of the workshop were to make sure
that the NRC staff rationale is clear and to make sure that NRC staff understand comments
received by the industry and the public.  The goal after the workshop will be for NRC to revise
draft FCSS-ISG-10, if needed, based on comments received from the industry and the public.

NRC-defined ground rules were:  (1) use a facilitator and the discussion thread format (i.e.,
continue with the discussion topic until it is completed); (2) focus is on draft FCSS-ISG-10 and
fuel cycle facilities; (3) comments from anyone in the audience are acceptable at any time; 
(4) this is an open public meeting, so no proprietary or classified information should be
provided; and (5) issues identified during the workshop that need further action are placed in a
“parking lot” of follow-up items.  All attendees introduced themselves, were requested to sign
the attendees list, and were requested to complete a meeting comment form for feedback on
workshop conduct and focus.

Section 2- NRC Presentation on Context/Intent of FCSS-ISG-10

NRC Presentation Context/Intent of Draft FCSS-ISG-10:

NRC presented information regarding the context/intent of draft FCSS-ISG-10 (see Enclosure
3).  The topics were:  (1) motivation for draft FCSS-ISG-10, (2) purpose of draft FCSS-ISG-10,
(3) philosophy/intent of draft FCSS-ISG-10, (4) technical approaches of draft FCSS-ISG-10, 
and (5) regulatory status of draft FCSS-ISG-10.
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Members of the public and industry understood the NRC’s context/intent of draft FCSS-ISG-10
from the NRC presentation.  An industry representative noted that it was clear that NRC staff
had put forth a lot of effort to address the comments and that Rev. 2 is a much improved
document over earlier revisions.  In addition, it is clear that minimum margin of subcriticality
(MMS)/validation is important to the NRC.  However, the industry does not agree with the
fundamental importance of MMS/validation, and thinks that the importance of nuclear criticality
safety (NCS) is to identify and control accident sequences with acceptable controls.  For
example, the safety margin of a bare Pu sphere with a keff of 0.7 vs.  natural U metal rods with a
keff of 0.999 depends on the details (e.g., the bare Pu sphere is held by a string above water). 
NCS is both an art and a science.  The industry’s perception is that there has been a lot of effort
on MMS/validation during license renewal and amendments with a large number of Request for
Additional Information questions.  In the American National Standards Institute (ANSI)/American
Nuclear Society (ANS) standards, MMS/validation is not emphasized, and it is the opinion of
industry that MMS/validation does not contribute that much to overall risk of a facility.  The
industry agreed that FCSS-ISG-10 is risk-informed, but it is too narrowly focused.  The industry
also questioned how ANSI/ANS-8.24, “Validation of Neutron Transport Methods for Nuclear
Criticality Safety Calculations,” would affect FCSS-ISG-10 and Regulatory Guide 3.71 “Nuclear
Criticality Safety Standards for Fuels and Material Facilities.”  In conclusion, the industry
appreciated the opportunity to provide comments on FCSS-ISG-10.

NRC appreciated industry comments and recognition that FCSS-ISG-10 is improved.  NRC
stressed that MMS is important in the development of an NCS program, and noted that based
on industry comments that the ISG was revised to provide a clearer balance between validation
and other considerations in terms of their contribution to determining the MMS.  Since there
have been changes over time, the NRC reiterated that previous MMS approvals are not well
documented, and the goal is to do this now.  It is anticipated that once a clear basis for MMS is
documented, the NRC will not need to review validations until a licensee wants to make
changes in its methodology or to its MMS.  The NRC has focused on MMS due to recent
experience with amendments and renewals, such that the NRC determined that a common
understanding between NRC and industry was needed.  The staff noted that there are not great
differences between FCSS-ISG-10 and ANSI/ANS-8.24, except in the use of positive bias.

Section 3 - NRC Summary of Major Changes in Current Version of FCSS-ISG-10

NRC presented information regarding major changes Rev.  2 of FCSS-ISG-10 (see Enclosure
3).  A summary of the changes were:  (1) changed "Benchmark" to "critical experiment" in most
cases, because benchmark quality data not always available (various pages), (2) clarified that
no specific guidance on limits of interpolation is being provided (reviewer should consider how
rapidly the physics is changing over the range of interest) (p.10), (3) clarified that MMS covers
uncertainties that are difficult to identify or quantify (in addition to unknown uncertainties) (p.1),
(4) updated reference to ANSI/ANS-8.17-2004 (various pages), (5) added guidance to address
correlations in the range of ck ~ 0.90 -0.95 (p.8), (6) acknowledged that complete coverage of
the AOA not always possible. (p.8), (7) clarified that the equation for keff sensitivity is predicated
on independent variables. (p.13), (8) clarified that no specific guidance on MMS for HEU and Pu
is being provided.  They must be considered on a case-by-case basis.  (p.17), (9) rewrote
technical basis for minimum MMS of 0.02.  (p.3), and (10) clarified sentence about what
uncertainties the MMS is intended to cover, so as not to exclude consideration of factors (e.g.,
likelihood of abnormal conditions) (p.3).  The industry and public did not have any comments on
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this part of the presentation by the NRC.

Section 4 - Section-by-Section Discussion of Comments Received and Changes Made

Comments Applicable to Entire ISG:

NRC presented information regarding comments that were applicable to the entire draft FCSS-
ISG-10 (see Enclosure 3).  A summary of the comments were: (1) distinction between margin of
safety and margin of subcriticality is good; document provides necessary link between the
different factors, (2) there is no meaningful distinction between the margin of safety and
subcriticality.  If a system is shown to be subcritical under the worst-case conditions, it is safe,
(3) use of the term "benchmark" should be changed because many critical experiments are not
benchmark quality; it is not always possible to quantify experimental uncertainties, (4) ISG
states that experiments should cover all geometric forms, but this is not possible.  It is unclear
why geometric form is so important, (5) statements discussing exceeding the basic regulatory
requirements should be deleted, and (6) ISG cautions about excessive interpolation, but does
not give any guidance on the limits of interpolation.  The NRC viewpoint on these comments is
described in Enclosure 3.  The industry and public did not have any comments.

Introduction:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments were:  (1) ISG places undue emphasis on
validation, while risk due to code errors is very small, (2) availability of codes that can more
accurately model physical systems does not necessarily translate into less conservatism
(amount of conservatism has not been degraded over time), and (3) NUREG-1520 states that
margin includes allowance for uncertainties in methods, data, and bias; ISG states that MMS
accounts for unknown uncertainties only.  The NRC’s viewpoint, as described in Enclosure 3, is
that (1) validation has been an area of challenging performance due to complexity, rather than
inherent risk, and because of challenges in this area, added guidance was needed; while the
risk has historically been low, it is increasing over time, (2) an observed trend of licensees
modeling fissionable systems more accurately to reduce unnecessary conservatism has been
observed (ISG says this often results in less conservatism), and (3) margin defined in
NUREG-1520 includes more than just the MMS (Glossary in ISG attempts to define terms to
avoid confusion).  A member of the public commented that the definition of “bias uncertainty” is
the same as in ANSI/ANS-8.1, “Nuclear Criticality Safety in Operations with Fissionable Material
Outside Reactors,” which needs to be refined.  However, a member of the industry stated that
the industry had asked NRC to have the same definition as in ANSI/ANS-8.1.  The NRC
commented that the definition was consistent with current standards.  A member of industry also
said that the discussion of sensitivity was good.

Discussion:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments were:  (1) the statement that MMS depends
only on the licensee's confidence of subcriticality is not correct (this contradicts the practice of
crediting the likelihood of the abnormal condition), (2) justification for the minimum MMS of 0.02
is not correct (this double counts cross section errors and assumes a 1-2% error in the cross
sections equates to a 1-2% error in keff), (3) examples cited (large margin of safety with small
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MMS and vice versa) do not take into account robustness of controls or their likelihood of
failure, and (4) terminology "actual," "physical," and "experimental" values of keff are not used
consistently.  The NRC viewpoint on these comments is described in Enclosure 3.  The industry
and public did not have any comments.

Conservatism in Calculational Models:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments were:  (1) the concept of verifying that
conservatism will be maintained over the facility lifetime is inappropriate, as processes will be
changed and (2) the amount of conservatism is generally underestimated.  Use of conservative
modeling practices often results in conservatism of ~40%.  The NRC viewpoint on these
comments is described in Enclosure 3.  The industry stated that even if conservatism is
removed, some conservatism still exists.  The industry, therefore, wanted to know if it could take
credit for the minimum conservatism required in the license, or just extra conservatism.  The
NRC said that the conservatism must be enshrined in the license, if the licensee want to take
credit for it.  Also, current licenses include both a MMS and technical practices resulting in a
minimum conservatism, so in order to reduce MMS, a licensee must credit conservatism beyond
what is credited when the current MMS was approved.  The NRC also asked about taking credit
for generic conservatism.  The NRC did not understand the question.

Similarity of Benchmark Experiments:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments were:  (1) no technical basis is provided for the
ck > 0.95 criterion or for ck < 0.95 not being acceptable, (2) the range in ck from 0.90-0.95 is not
addressed, (3) the criterion ck > 0.95 is too stringent; few if any benchmarks would meet this,
and (4) the phrase “reducing the MMS” should be replaced with “justifying a smaller MMS” so as
not to make it appear that there is a baseline MMS.  The NRC viewpoint on these comments is
described in Enclosure 3.  The industry and public did not have any comments.

Validation Methodological Rigor:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments were:  (1) the use of positive bias should not
be discouraged, (2) the reason for positive bias is often well-known and (3) less reliable data
should not be used just because it results in a zero or negative bias (than more reliable data
yielding a positive bias).  The NRC’s viewpoint, as described in Enclosure 3, is that it has been
NRC's historical position not to allow credit for positive bias.  The reason for this is that this
would allow taking credit for errors in the method that are not, in general, well understood, and
may not be present in every case.  This historical position is not unique to FCSS-ISG-10.  The
public commented that it is not apparent that having a positive bias means that the reason for
the bias is not well understood, since in general the reason may actually be well understood. 
The NRC understood the comment and will revise the applicable wording in the ISG.

System Sensitivity and Uncertainty:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
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(see Enclosure 3).  A summary of the comments were that the error propagation equation
assumes that all the contributors to the bias are independent, but they are not, and that keff
cannot be written as the sum of independent terms.  The NRC viewpoint on these comments is
described in Enclosure 3.  The industry and public did not have any comments.

Technical Review Guidance:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments was that NRC should remove the reference to
"low enriched" in the discussion about the 0.05 being generally acceptable.  As written, the 0.05
MMS discussion only addresses LEU systems, not HEU or Pu/MOX.  The NRC’s viewpoint, as
described in Enclosure 3, is that previous versions of FCSS-ISG-10 stated that an MMS of 0.1
was generally acceptable for HEU and Pu/MOX systems.  This has since been removed based
on multiple comments.  Historical guidance and regulatory precedent (e.g., NUREG/CR-6361)
has been that a 0.05 MMS is almost always considered acceptable for typical LEU fuel facility
applications.  No such guidance has historically existed for HEU or Pu/MOX systems, so this is
not included in the current version of the ISG.  Historically, however, HEU facilities have been
licensed with somewhat larger margins, so that removing the words "LEU" would not be
consistent with past NRC licensing practice.  In lieu of specific guidance for these facilities,
examples of how the additional sensitivity and reduced uncertainty associated with HEU could
be taken into account.  The ISG states they must be considered on a case-by-case basis.  The
public commented that wording should be added to the introduction reflecting these changes. 
The NRC understood the comment and will revise the applicable wording in the ISG.

Appendix:

NRC presented information regarding comments received on this section of draft FCSS-ISG-10
(see Enclosure 3).  A summary of the comments were that the equations are incorrect.  NRC
has made a sign error in the definition of the bias, which will be corrected.  The industry and
public did not have any comments.

General Questions by the Industry and Public:

A member of the public asked what type of validation TSUNAMI needed and stated that one
should not validate one code with another.  The NRC agreed with the comment and stated that
TSUNAMI is a tool to be used in performing a validation.  In addition, the NRC has compared
TSUNAMI with traditional methods for performing a validation, and found that ck>0.95 was
demonstrated to accurately measure which experiments to use.  However, one should not use
TSUNAMI as a “black box,” but rather as a tool to aid in performing a validation.

A member of the public stated that the definition of area of applicability (AOA) is broader in
ANSI/ANS-8.24 that in FCSS-ISG-10.  The NRC understood the comment and will look at
making revisions to this definition.

A member of the industry disagreed that the rigor of review depends on the magnitude of MMS. 
The commentor noted that MMS is determined by analysis of critical experiments, and the
sensitivity of validation results may be the reason for a large MMS.  An example was given for
transportation in which the AOA consists of only 4 or 5 experiments (fuel rods in gadolinium),



6

but the MMS is large at 0.05, and thus should require less rigor.  NRC stated that this is part of
the basic MMS/validation review, rather than the reduction in MMS.

A member of the industry stated that a reviewer needs to look at the overall safety of the system
and not just the number for keff.  The NRC understood the comment. 

Section 5 - Summary/Path Forward and Meeting Wrap-up

Summary:

Following two public workshops and three rounds of public comment, the NRC believes it has
addressed all substantive comments.  The NRC will take the results of this workshop and
finalize FCSS-ISG-10 in the near future. 

Additional Comments by the Industry and Public:

A member of industry commented that the real challenge of NCS is to establish controls, make
sure they do what they are supposed to do, and make sure they are maintained.  One must
appreciate the difference between safety and subcriticality.  In addition, in the Introduction, the
NRC needs to clarify that MMS/validation does not affect ISA Summary reviews.  Also, the NRC
focus should now be on ISA Summary reviews.  The NRC stated that NRC resources are being
used concurrently on many actions including MMS, ISA Summary, new applications, renewal,
and amendment reviews.

A member of the public stated that the NRC needs to take into account how the ISG affects
other risk-informed NRC actions, such as Part 63 that does not require subcriticality and does
not have MMS requirements.  The NRC stated that FCSS-ISG-10 was written to apply to fuel
cycle facilities.

Closing:

Industry appreciated the opportunity to provide constructive comments that will contribute to
making draft FCSS-ISG-10 a better document.  

NRC closing remarks thanked the participants for attending the workshop and expressed
appreciation to the participants for being part of the ISG process.

“Parking Lot” Issues:

During the workshop, no issues were placed in the “parking lot” for future consideration.

Enclosures:  1. Meeting Attendee List
           2. Meeting Agenda
           3. Draft FCSS-ISG-10 Workshop NRC Presentation Slides
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AGENDA FOR WORKSHOP ON DRAFT FCSS-ISG-10,
“JUSTIFICATION FOR MINIMUM MARGIN OF SUBCRITICALITY FOR SAFETY”

U.S. NUCLEAR REGULATORY COMMISSION AUDITORIUM
ROCKVILLE, MARYLAND

APRIL 28, 2006

Purpose: Workshop on draft FCSS-ISG-10, “Justification for Minimum Margin of
Subcriticality for Safety” for nuclear fuel cycle facilities in accordance with 
10 CFR Part 70.

Objective: Provide feedback to industry on the resolution of comments in Rev. 2 of draft
FCSS-ISG-10 and to provide an opportunity for industry to clarify any comments
previously received.

Process: NRC staff initiate key issue discussions and introduce each section of draft
FCSS-ISG-10, briefly address prior written comments, and lead further
discussions.

7:30 am Check in for security badging at Two White Flint North, 11545 Rockville Pike

8:00 am Purpose of workshop, introductions, agenda, and discussion process

8:15 am NRC presentation on context/intent of FCSS-ISG-10

8:30 am NRC summary of major changes to current version of FCSS-ISG-10

8:45 am Section-by-section discussion of comments received and changes made

11:45 am Meeting wrap-up

12:30 pm Adjourn

Enclosure 2

NRC Presentation Slides Outline (Enclosure 3)
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