
Enclosure 2

Docket: 70-1257

License: Framatome ANP, Inc. (Richland Facility)
Richland, Washington

Subject: SAFETY EVALUATION REPORT:  AMENDMENT 44 - CALCULATION OF
MAXIMUM ALLOWABLE NEUTRON MULTIPLICATION FACTORS

BACKGROUND:

On July 7, 2004, Framatome ANP, Inc. (FANP) submitted an amendment request to change the
description of its methodology for determining the maximum allowable keff, as described in
License Application Section 4.2.1.  This amendment request was in response to an issue that
had been raised during prior nuclear criticality safety (NCS) inspections.  

In NRC Inspection Report 70-1257/2001-202 (May 2001), NRC Headquarters criticality safety
inspectors opened an Unresolved Item (URI 70-1257/2001-202-01), involving weaknesses with
the licensee’s methodology for calculating maximum allowable keff limits.  The weaknesses
identified included using a bias methodology that relied on information not included in the
validation report (number of generations run); use of a statistical method that did not allow
statistical confidence to be quantified; an error in the formula for maximum allowable keff in the
license application; and use of a statistical method assuming the benchmark data are normally
distributed, when the benchmark data were not normally distributed.  In addition, the criticality
inspectors determined that the validated area of applicability was poorly defined, and that there
was an insufficient number of benchmarks to validate some heterogeneous cases without the
use of additional margin.  Because the inspectors determined that the validation methodology
used was consistent with the existing license requirements, they opened a URI to address
whether commitments in the license application were adequate.

In NRC Inspection Report 70-1257/2001-005, the NCS inspectors reviewed the licensee’s plan
to upgrade its validation methodology.  The new methodology would include determination of
bias using the one-sided tolerance limit method.  The inspectors determined that this approach
would be acceptable and would be sufficient to resolve URI 70-1257/2001-202-01, but that the
method was not consistent with the existing license application and would therefore require an
amendment request.  The inspectors therefore closed URI 70-1257/2001-202-01 and opened
the issue as an Inspector Follow-up Item (IFI 70-1257/2001-005-01).

FANP submitted a letter dated December 3, 2002, in which it stated that use of the one-sided
tolerance limit method was consistent with its existing license, and therefore a license
amendment was not necessary.  The NRC therefore issued a request for additional information
(RAI) by letter dated March 19, 2003, asking ANP to either:  (1) justify why the new validation
methodology was consistent with the existing license application; or (2) request an amendment
in order to provide a “more detailed, clear, and unambiguous version of the new validation
methodology” in the license application.

Framatome ANP provided a response to this RAI by letter dated April 10, 2003, in which the
licensee pointed out the difference between the methodology described in Section 4.2.1 of the
license application and the new methodology and provided an example showing that the new
method was at least as conservative as the method in the license application.  This was done
by comparing the maximum allowable keff values determined by the two methods, for a series of
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9 benchmark experiments.  For this example, the new methodology produced a maximum
allowable keff value slightly lower than that found using the methodology in the existing license
application (i.e., 0.9416 vs. 0.9442).  Based on its review, the NRC determined (by letter dated
June 10, 2003) that “the new methodology is valid and provides at least as conservative results”
as the method in the existing license application, but also that “it is not the methodology
described in Chapter 4.2" of the license application.  The NRC recommended that Framatome
ANP therefore submit an amendment request to revise the description in the license application
to be consistent with the new method.

The NRC staff reviewed the license amendment request and issued an RAI on December 27,
2005.  During a telephone call on January 5, 2005, NRC staff indicated that the response could
be in the form of change pages to Section 4.2.1 of the license application and did not need to
individually address all 7 RAI issues.  On January 6, 2005, FANP faxed proposed change
pages to the NRC.  The NRC provided Framatome ANP with two additional questions by e-mail
dated January 11, 2005.  Following a teleconference on January 18, 2005, Framatome ANP
provided a new version of the change pages to Section 4.2.1 of the license application on
January 18, 2005. The NRC identified a subsequent concern with the accuracy of the equations
used to compute the maximum allowable keff, upon which Framatome ANP provided revised
change pages on March 28, and April 11, 2005.

This SER documents the staff’s review of the July 7, 2004, submittal, subsequent submittals
discussed above, and the change pages of April 11, 2005.

DISCUSSION:

Applicant’s Submittal

The July 7, 2004, amendment request included the following changes to Section 4.2.1 of the
license application:  (1) updated its commitment to the 1998 version of ANSI/ANS-8.1; and 
(2) replaced the detailed discussion of the methodology for determining bias and bias
uncertainty with a commitment to determine bias and bias uncertainty in accordance with
Section 4.3 of ANSI/ANS-8.1-1998.

In response to NRC concerns about the level of detail concerning the calculation of bias and
bias uncertainty in the license application, the licensee’s January 6, 2005, submittal replaced
much of the material removed from Section 4.2.1 of the license application in the July 7, 2004,
submittal and updated it to be consistent with the one-sided tolerance limit method.  Specific
changes included:  (1) changes to the definition of the uncertainty term,∆ku, in the second
formula; (2) changing Reference 23 to cite the FANP validation report, EMF-2670, “Nuclear
Criticality Safety Software Validation Document,” instead of the previously cited reference (ANS
Transactions, Vol. 35, W. Marshall, et. al., “Criticality Safety Criteria”); (3) updating discussion
of the variance of the bias; (4) correcting a typographical error in the definition of the bias, ∆kb;
and (5) clarifying reference to the 95/95 multiplier used in the formula for ∆ku.

Following additional discussions with the NRC, the licensee submitted revised change pages
ending on April 11, 2005.  These changes added a statement to the effect that the mean
calculational method variance included allowance for experimental uncertainty, revised its
reference to the validation report to include the version number and date, and corrected an
error in the equations used to calculate the maximum allowable keff values.



1Although the equations in Section 4.2.1 of the license application were in error, this
appears to be typographical, in that the error was not propagated in the cited validation report
and April 10, 2004 letter.  This change therefore does not affect the analysis in any documents
reviewed as part of this licensing action.
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NRC Technical Review

Commitment to ANSI/ANS-8.1-1998

The NRC staff reviewed the changed commitment to follow the 1998 version of ANSI/ANS-8.1
and concluded that use of the newer version was appropriate.  NRC previously reviewed the
1983 version (reaffirmed in 1988) and endorsed its use in Regulatory Guide 3.71, “Nuclear
Criticality Safety Standards for Fuels and Material Facilities.”  NRC staff recently reviewed the
newer version of ANSI/ANS-8.1 and is preparing a revision to RG-3.71 endorsing the 1998
version.  The 1998 version does not contain any significant changes with regard to either the
requirements (“shall” statements) or recommendations (“should” statements) concerning
determination of bias and bias uncertainty.  Therefore, the staff has determined that the change
to reference the 1998 version in Chapter 4 of the FANP license application is appropriate.

Discussion of Maximum Allowable Keff Methodology

The staff determined that replacing the detailed description of the calculation of the bias and
bias uncertainty in Section 4.2.1 of the license application with a general commitment to follow
Section 4.3 of ANSI/ANS-8.1-1998 is not sufficient.  Section 4.3 of the ANSI standard contains
general requirements for criticality code validation, but does not describe any particular method
for calculating bias and bias uncertainty.  Use of the standard is consistent with a large variety
of different techniques for calculating bias and bias uncertainty, and therefore is not sufficient to
provide assurance that the licensee is using an acceptable method.  Moreover, NUREG-1520,
Section 5.4, states:  “Notwithstanding a general commitment to a standard, the applicant should
clarify its intended compliance with those requirements in the standard that are expressed only
as general principles by more specific commitments and descriptions in the application.” 
Therefore, the staff found the level of detail in the proposed changes in the July 7, 2004,
submittal insufficient to provide reasonable assurance an acceptable method was being used.

The staff, therefore, requested in its December 27, 2004, RAI, that the licensee provide a more
detailed description of its method for calculating bias and bias uncertainty.  The licensee stated
in its April 11, 2005, submittal that the maximum allowable keff limit may be calculated in one of
two ways.  The license amendment request did not involve any changes to the first method of
calculating the maximum allowable keff (except to correct an error in the equation).  The second
method uses the following formula:

k k k ka b u m= − − −1 ∆ ∆ ∆

where ∆kb is the mean calculational bias, ∆ku is a combination of statistical uncertainties, and
∆km is the minimum subcritical margin.  The requested changes involve only the descriptions of
∆kb and ∆ku; in addition, to make the equation mathematically correct, the term kc that occurred
previously in the equation (where kc is defined as 1-∆kb) was replaced by 11.

The mean calculational bias, ∆kb, is defined as one minus the weighted (grand) average of the
keff values for a series of benchmark cases applicable to the system being modeled.
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The uncertainty term ∆ku is defined as:

∆k Mu m keno= +95 95
2 2 1 2

/
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where M95/95 is a statistical multiplier at the 95/95 confidence level (i.e., 95% confidence that
95% of all future critical calculations will be above the maximum allowable keff), σm

2 is the mean
calculational variance (including the sum of the variance about the mean and the average total
uncertainty, which includes uncertainty in the benchmark experiments), and σkeno

2 the variance
applicable to the keff of interest. 

The staff examined the revised description in the license application and determined that the
only changes which could substantially change the keff limit were to the method of evaluating
bias uncertainty, ∆ku.  This revised description is generally consistent with the methods
described in NUREG/CR-6698, “Guide for Validation of Nuclear Criticality Safety Calculational
Methodology,” in that NUREG/CR-6698 allows for the summation in quadrature of calculational
and experimental uncertainties in the average total uncertainty, and the summation in
quadrature of the variance about the mean and the average total uncertainty in Equations 3 and
6 of the NUREG.  This results in derivation of a “pooled variance,” which is combined with a
single-sided lower tolerance factor in Equation 20 of the NUREG.  The staff found that the
equations described in the revision to Section 4.2.1 of the license application had the same
structure as the aforementioned equations in the NUREG.  However, the description of the
individual terms in the equations was insufficient to ensure the equivalence of the two methods
by reliance on the words in the license application alone.

The staff noted, however, that the revised license application states:  “The bias and its standard
deviation are calculated using the methods described in Reference 23.”  In the current version
of the license application, Ref. 23 refers to the article ANS Transactions, Vol. 35, W. Marshall,
et. al., “Criticality Safety Criteria.”  In the revised version, Ref. 23 refers to the current criticality
validation report (EMF-2670, “PC-SCALE 4.4a Validation,” Rev. 2, dated March 10, 2004).  The
staff notes that in explicitly stating that the bias and its standard deviation are calculated using
the methods in the current validation report, the concern that the validation method is
inconsistent with the license has been formally resolved.  The staff then reviewed the method in
the validation report to ensure its technical adequacy.

The method for calculating bias and uncertainty is described in Section 3.2 of EMF-2670, which
contains equations equivalent to those in the revised license application.  The staff determined
that there were two aspects of the methodology that were not sufficiently described in the
revised license application:  (1) the method for calculating the terms ∆kb and ∆ku (including the
terms σm

2 and σkeno
2); and (2) the method of determining M95/95.  With regard to the method of

calculating ∆kb and ∆ku, EMF-2670 contains formulae for Kave (defined as 1-∆kb) and σm
2.  The

staff reviewed these formulae and determined that they were consistent with Equations 4, 5, 6,
and 7 of NUREG/CR-6698.  The licensee discussed the definition of the remaining term, σkeno

2,
in its e-mail of January 11, 2005, which stated that “the Sigma keno is simply the keno standard
deviation which is then pooled with the pooled methods variance.”   This was further clarified in
the January 18, 2005 change pages, which stated that the average total uncertainty included an
allowance for the uncertainty in the benchmark experiments.  The staff determined that this is
consistent with the approach in NUREG/CR-6698, in which the individual uncertainties (σi’s)
include both the calculational and experimental uncertainty (Eq. 3 of the NUREG).  Therefore,
the staff finds the definition of the various uncertainty terms contributing to ∆kb and ∆ku to be
consistent with the methodology discussed in NUREG/CR-6698.
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With regard to the M95/95 term, EMF-2670 states that this is “the 95/95 multiplier appropriate to
the degrees of freedom for the number of validation analyses,” that it was obtained from one-
sided tolerance statistical tables, and that it is valid for data with a distribution consistent with
the assumptions in Natrella, “Experimental Statistics,” National Bureau of Standards Handbook
91, 1963.  Table A-7 of this reference contains one-sided tolerance limit factors for normally
distributed data, for several different confidence levels.  The staff noted that the numbers in this
table corresponding to 95% confidence that 95% of all future critical calculations will be above
the maximum allowable keff are identical to the numbers in Table 2.1 of NUREG/CR-6698.  The
staff therefore concludes that the method in EMF-2670 for determining the 95/95 statistical
multipliers is consistent with NUREG/CR-6698 and widely accepted statistical practice, and is
therefore acceptable.

Comparison of Old and New Validation Methodologies

In its letter dated June 10, 2004, the NRC had determined that the newer method described in
FANP’s RAI response, dated April 10, 2004, was at least as conservative as that in the current
license.  The April 10, 2004, RAI response contained a sample calculation, in which the USL for
a series of nine benchmark experiments was computed using each of the two methods.  This
analysis showed that the new method provided results that were either essentially the same as,
or more conservative than, the method in the current license.  The staff examined the example
in more detail to determine whether a general conclusion could be made that the method
described in the license application change pages was more or less conservative than that in
the current license application.  As stated in the April 10, 2003, letter, the new method differs in
two ways from the old method:  (1) the new method includes uncertainty in the benchmark
experiments (as described in NUREG/CR-6698); and (2) the new method obtains the 95/95
multiplier from standard statistics tables, using the number of benchmark experiments as the
degrees of freedom, whereas the old method uses Equation 10 of the reference ANS
Transactions, Vol. 35, W. Marshall, et. al., “Criticality Safety Criteria.” 

With regard to the first difference, the staff has verified that the method used in EMF-2670 does
take uncertainty in the benchmark experiments into account.  Because the experimental and
calculational uncertainties are added in quadrature, including the experimental uncertainty
always results in a larger uncertainty term and a lower allowable keff.

With regard to the second difference, the staff determined that Equation 10 of the Marshall
article results in a larger number of degrees of freedom than results from considering just the
total number of experiments.  This is because Welch’s formula determines effective degrees of
freedom based on both the number of experiments and neutron generations.  In the one-sided
tolerance limit factors in the Natrella reference (and in NUREG/CR-6698), the statistical
multiplier decreases as a function of the number of degrees of freedom.  This is also the case
using the Student’s t-distribution as used in the Marshall approach.  Therefore, the staff has
determined that the new method results in fewer degrees of freedom and therefore a larger
statistical multiplier and lower allowable keff than the previously approved method.  Based on
these considerations, the staff concludes that the new method used in the validation (and
included in the change pages to the license application) is at least as conservative as the
method in the current license. 
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CONCLUSION:

The staff has concluded that the method for determining bias and bias uncertainty described in
the April 11, 2005, change pages:  (1) is consistent with the method in the validation report,
EMF-7062, Rev. 2, dated March 10, 2004; (2) is consistent with statistical methodologies used
in NUREG/CR-6698 and widely accepted in the nuclear industry; and (3) provides at least as
conservative results as the method in the currently approved license.

As stated in the revised license application, the licensee is committed to follow the methodology
for determining bias and its uncertainty in the current validation report (EMF-2670, Rev. 2 dated
March 10, 2004).  In accordance with this approval, the licensee may not make changes to the
underlying methodology in revisions to its validation report, or new validation reports, without a
license amendment.  However, the approval of the amendment does not constrain the licensee
from making other changes to its validation that do not affect its method for calculating bias and
its uncertainty.

Principal Contributor: 
Christopher S. Tripp


