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Request for Additional Information - EMF-2103P Revision 1, "Realistic Large Break
LOCA Methodology for Pressurized Water Reactors"

Ref.: 1. Letter, James F. Mallay (Framatome ANP) to Document Control Desk (NRC),
EMF-2103P Revision 1, "Realistic Large break LOCA Methodology for Pressurized
Water Reactors," NRC:04:026, August 9, 2004.

Ref.: 2. Letter, Sean E. Peters (NRC) to Ronnie Gardner (AREVA NP Inc.), "AREVA NP Inc.
(Formerly Framatome) Request for Additional Information Follow-up Re: Topical
Report EMF-2103(P), Revision 1, 'Realistic large break LOCA Methodology for
Pressurized Water Reactors'," August 17, 2006, (TAC No. MC4259).

AREVA NP Inc. requested the NRC's review and approval of the topical report EMF-2103P
Revision 1, "Realistic Large Break LOCA Methodology for Pressurized Water Reactors," in
Reference 1. The revision provides additional information to resolve issues, which were raised
by the NRC during their review of a plant specific application based on the NRC-approved
topical report, EMF-2103PA Revision 0. The Revision 1 subject matter was agreed upon with
the NRC (in various meetings and telephone calls) prior to its submittal.

A telephone call was held on June 20, 2006 to discuss an additional item that the NRC desired
AREVA NP to address. In the call, the NRC requested AREVA NP to increase the number of
cases run as part of its Realistic Large Break LOCA (RLBLOCA) methodology from 59 to 124.
The NRC stated they believed the use of 59 cases was not adequate and that 124 cases were
technically required to demonstrate that the first three criteria in 10 CFR 50.46 are satisfied
simultaneously. AREVA NP stated they did not believe that 124 cases are technically required
to demonstrate that the criteria are satisfied simultaneously.

Two actions were agreed upon in the June 20 telephone call. One, the NRC would provide a
derivation of the requirement to run 124 cases. Two, AREVA NP would provide a description of
an alternative approach (to that in the approved topical report EMF-2103PA Revision 0 and to
the NRC proposed approach) that would demonstrate that the criteria in 10 CFR 50.46 are
satisfied simultaneously and would require less than 124 cases. The NRC action is
documented in Reference 2. The AREVA NP action is documented in the attachment to this
letter.

The attachment describes an alternative approach that satisfies the NRC's request to
demonstrate compliance with the criteria of 10 CFR 50.46, simultaneously. The approach uses
a well established statistical technique. The statistical approach is described in an NRC
publication, NUREG-1475, "Applying Statistics," by Dan Lurie and Roger H. Moore, 1994. One
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author, Dan Lurie, is currently an NRC employee. The statistical approach is also
recommended in a paper written by Dr. Graham Wallis, "Evaluating the probability that the
outputs of a computer code with random inputs will meet a set of evaluation criteria," Reliability
Engineering and System Safety Vol. 91, pp 820-827 (2006). Dr. Wallis is currently the
Chairman of the Advisory Committee on Reactor Safeguards.

The attachment highlights are:

1. An alternative approach to demonstrating simultaneous compliance to the three criteria
in 10 CFR 50.46 is presented. This alternative approach requires 59 cases and is well
supported in the literature. AREVA NP is willing to revise its NRC-approved
methodology to use this approach.

2. The AREVA NP current RLBLOCA methodology, as approved by the NRC, does not
define a 95/95 value for each of the three parameters. The RLBLOCA approach
approved by the NRC defines a 95/95 value for the peak cladding temperature only, and
then by inference concludes that all three criteria are satisfied simultaneously.

3. The approach proposed by the NRC is only one of a number of possible approaches to
demonstrating compliance to the three criteria in 1OCFR 50.46 as demonstrated by a
number of papers (these papers are referenced in the attachment).

AREVA NP requests a meeting with the NRC to discuss the proposal in this letter. It is our
desire to have an SER issued for EMF-2103P Revision I by the end of this year. We would like
to resolve this issue in the near future to support the issuance of an SER this year.

Sincerely,

Ronnie L. Gardner, Manager
Site Operations and Regulatory Affairs
AREVA NP

Enclosures

cc: J. H. Thompson
J. A. Nakoski
J. S. Wermiel
Project 728
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Attachment A

Required Number of Cases for RLBLOCA

The purpose of this paper is to propose an approach to demonstrating the simultaneous
satisfaction of the first three criteria in 10 CFR 50.46; peak cladding temperature, peak local
oxidation, and core-wide oxidation. The paper demonstrates that there are a variety of
approaches available today to accomplish this. The method proposed in this paper is
technically correct, as supported by a number of literature references, and complies with both
the regulation and the NRC guidance in Regulatory Guide 1.157.

In Reference 1, the NRC requested that the number of cases executed in the statistical
evaluation of the approved Realistic Large Break LOCA (RLBLOCA) methodology be increased
from the current 59 cases to 124 cases. In support of the proposed increase in the number of
cases, information was provided in the form of references describing the basis for this change.
This issue had previously been discussed in a telephone call with the NRC on June 20, 2006. It
was agreed in the telephone call that the NRC would provide a justification for their request to
increase the number of cases from 59 to 124 and that AREVA NP Inc. would provide the NRC
with a proposed approach, which would not require 124 cases but would demonstrate
simultaneous compliance with the three criteria. The discussion below responds to the
Reference 1 letter and provides the agreed upon information from AREVA NP.

Summary of the Statistical Approach Approved by the NRC in EMF-2103PA Revision 0

A summary of the RLBLOCA statistical approach approved by the NRC is provided below. It
provides a context for the alternative approach proposed below.

Approved Method

The approach used by AREVA NP, and approved by the NRC in the RLBLOCA topical report
(Reference 2), uses non-parametric statistics to determine the value of peak cladding
temperature such that if a LOCA transient were sampled from the universe of possible LOCA
transients for a specific plant that there would be a 95% probability with a 95% confidence that
the peak cladding temperature would be below the determined value. The number of cases
sampled in this approach is 59 and the highest PCT from these 59 cases determines the limiting
value.

The limiting PCT value is compared to the 10 CFR 50.46 peak cladding temperature criterion
and, if it is less than the criterion, the conclusion is reached that the probability of being less
than the criterion is equal to or greater than 95% with 95% confidence. Note, the statistical
evaluation is not used to directly demonstrate compliance to the criterion. The demonstration of
compliance to the criterion is inferential, that is, if the value of the PCT, which bounds 95% of
the population, is less than the criterion, then the probability that the criterion is satisfied is
greater than or equal to 95%.

In the approved AREVA NP methodology no statement is made that there would be 95%
probability with 95% confidence that the peak local oxidation or total core-wide oxidation would
be below a determined value. The values for the peak local oxidation and total core-wide
oxidation are reported from the case with the highest PCT. Let us repeat this point, no claim is
made that the values reported for these two parameters are bounding at any specific level.
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Based on prior knowledge, it is inferred that if the probability of meeting the PCT criterion is 95%
with 95% confidence, then all three criteria are met with at least this same probability and
confidence. That is, the peak local oxidation and total core-wide oxidation can not exceed their
criteria if the PCT is less than its criterion. This is supported by experience based quantitative
knowledge about the relationship between peak cladding temperature and the other two
parameters; peak local oxidation and total core-wide oxidation. An excerpt from the approved
topical report, shown below, makes it clear that the statistical approach is only being used for
the peak cladding temperature.

"The PCT criterion is shown to be met with at least 95% probability and 95% confidence by
comparing the 95/95 PCT value to the PCT criterion. Regulatory Guide 1.157 states that it
is not necessary to explicitly consider the probability of meeting the other 10 CFR 50.46
criteria due to the strong dependence of the other criteria on PCT. Demonstration that the
PCT criterion is met with 95% probability and 95% confidence shows that the other criteria
are also met with high probability as required by the regulation. In order to define values for
the peak local oxidation and total core oxidation, these values will be reported from the
95/95 PCT case."

Thus, there is no mixing of non-parametric statistics with other statistical approaches in the
approved AREVA NP methodology. The only statistical analysis that is made is with respect to
a single parameter, the peak cladding temperature.

Method Development History

The original methodology submitted by AREVA NP in August 2001 (Reference 4) did: (1)
evaluate a bounding value (at the 95% level with 95% confidence) for each of the three criteria;
(2) compare the bounding values to their respective criterion; and (3) if the criterion was
satisfied, conclude that the probability of meeting that criterion was at least 95% with 95%
confidence. AREVA NP recognized that the evaluation was not a simultaneous evaluation but
believed then, and now, that this was consistent with the requirements of both the regulation
and the NRC Regulatory Guide 1.157. Neither document specifically requires a simultaneous
evaluation of PCT, and peak local and whole-core oxidation.

Subsequent to NRC discussions and concurrence, AREVA NP modified its original
(Reference 4) submittal. The change was recorded in response to RAI Question 95 (Reference
5) and is reflected in the NRC-approved RLBLOCA topical report (Reference 2). The
modification was specifically made in response to the NRC's request to demonstrate that the
criteria would be met simultaneously. The modification was to statistically evaluate only the
PCT and to infer that the other criteria would be met with equal probability in order to satisfy the
NRC request to evaluate the three criteria simultaneously. This approach is consistent with the
requirements of NRC Regulatory Guidel.157 (Reference 3) which states that:

"The revised paragraph 50.46(a)(1)(i) requires that it be shown with a high probability
that none of the criteria of paragraph 50.46(b) will be exceeded, and is not limited to the
peak cladding temperature criterion. However, since the other criteria are strongly
dependent on peak cladding temperature, explicit consideration of the probability of
exceeding the other criteria may not be required if it can be demonstrated that meeting
the temperature criterion at the 95% probability level ensures with an equal or greater
probability that the other criteria will not be exceeded."
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No method to develop a simultaneous estimation of the bounding values of three parameters
was known to AREVA NP at the time of the NRC review and thus an alternative approach was
developed. Note that the references in the NRC letter (Reference 1) are all after the SER was
issued for the RLBLOCA methodology. The methodology was modified to satisfy the guidance
provided by the NRC in Regulatory Guide 1.157.

In summary, the issue of simultaneous evaluation was fully discussed between the NRC, ACRS,
and AREVA NP. As a result of these discussions all parties concurred that reporting oxidation
values associated with the limiting PCT case was regulatory compliant.

Comments on the NRC proposed approach in Reference I

In Reference 1, NRC provided a number of references as the basis for 124 cases. The NRC's
main basis for requesting 124 cases is the work presented by Guba, et al. in Reference 6, which
describes an application of a non-parametric formulation of the tolerance problem for multiple
variables created by Wald (Reference 7). The review of Reference 6 led to a number of other
papers (References 8, 9, 10, 11, 12, and 13) that provide an exchange of viewpoints with
respect to how one should in fact statistically demonstrate that an analysis meets the required
10 CFR 50.46 regulatory criteria. Given that the original paper (Reference 6) was published in
2003 and that the technical exchange still continues in 2006 (Reference 13), it is clear that a
technical consensus has not yet been reached.

In the Nutt and Wallis paper (Reference 10) two statistical approaches are presented, discussed
and compared-the coverage approach presented by Guba, et al. (Reference 6) and a second
approach called "bracketing" previously presented by Wallis (Reference 8). Nutt and Wallis
(Reference 10) concluded that the Guba formulation has an implied assumption of anti-
correlation. This assumption is not required for evaluating the tolerances on the LOCA
temperature and oxidation, which are closely correlated. When the temperature increases the
oxidation, both local and core-wide, will also increase, they will not decrease. However, this
assumption of anti-correlation is required to make the final formulation non-parametric
(Reference 7).

While there are detailed differences between the two statistical approaches and they do require
a different number of cases to meet the statistical criteria, they are both based on the original
problem of finding tolerances. The most significant difference is in the underlying probabilistic
statement.

Guba, et al. (Reference 6) finds the tolerances on p variables such that the integral over the
probability density function will exceed some target value, y. That is, ranges on each of the
output variables are found such that the probability that 7y of the outcomes are met or exceeded.
Mathematically, this is expressed by,

M• M
.f... f'f(t,,....,t t)dt,...dtp >-.y

L.p L,

This is Equation 21 of Guba, et al. (Reference 6) and constitutes the basis of their formulation.
This equation is the two-sided tolerance formulation. The non-parametric solution, derived by
Wilks (Reference 14) for two independent parameters and extended to multiple parameters by
Wald (Reference 7), is used to calculate upper and lower limits on the variables that will result in
the integral above exceeding a specified value, y. The Wilks/Wald formulation was directed
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towards looking at multiple aspects (outputs) of a product and characterizing a domain, defined
by the tolerances, which bounded a desired fraction of the products with a desired level of
probability. Guba, et al. (Reference 6) presented the one-sided simplification of the general
results and applied it to the regulatory problem by requiring that these tolerances be less than
the acceptance criteria.

The approach discussed by Nutt and Wallis (Reference 10) used a probabilistic statement that
set out to find the upper tolerance value for each output and to compare it with a specific target
value, ,j. Thus, for the LOCA problem, it set out to define the upper tolerances on PCT, peak
local oxidation and core-wide oxidation with a desired probability. This may sound very similar to
the approach of Guba, et al., but expressed mathematically it is,

M .0 , M - M2  ý

f f... ff(t,...-,t,)dt, .. dtp >1y, and f "... f f(t 11t 2,-,' tP-,,tp)dt 1 ... dtp >72
.-.-- LI -. 0 -0 L, -o

and f f.". "f(t1,'.t',tP)dt 1 ... dt' Žyp
Lp --w

This formulation also depends on the details of the interaction between the probability
distributions, but for cases with no correlation (or anti-correlation) the number of points required
is significantly less than it is with the Guba formulation. This difference is due entirely to the
choice of the statistical statement. Thus, in order to select one over the other (Reference 6 or
Reference 10), the fundamental statement of the statistical problem should be examined, not
the results.

In the process of responding to comments (Reference 11) on their initial paper (Reference 10),
Wallis and Nutt developed another statistical approach (Reference 12) similar to the statistical
formulation presented in Reference 11. This newer formulation does not determine tolerances to
compare to acceptance criteria (a weakness of the Guba formulation) and is directly applicable
to demonstrating compliance with regulatory criteria. This is the "testing" approach in which
each execution of the code is viewed as either a success (all three criteria met) or a failure (at
least one criterion not met). The mathematical formulation is

AC, AC,
J"""If(t1,..-,tP)dt1 ... dtp > y

where AC, is the n th acceptance criterion.

Of the three formulations discussed above, the "testing" approach is clearly the most applicable,
since it directly addresses the regulatory issue. If the mathematical formulation is converted into
words, it states that the fraction of all LOCA calculations for an Evaluation Model that lie below
the acceptance limits must exceed a target value of y.

The testing approach is basically a binomial experiment as described in Chapters 17 and 21 of
Reference 15. Wallis and Nutt in Reference 12 conclude:

"If the process of meeting the regulations is treated as a testing procedure, in which
reactors that do not meet the regulations with a probability of more than 95% will have a
chance of over 95% of being rejected, only 59 runs of the code are required, no matter
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how many physical criteria may be imposed simultaneously. The application of the
physical criteria may be absorbed into the 'black box' in which the code makes
calculations and the whole process treated as a single exercise in non-parametric
statistics."

Reference 4 (Reference 16 herein) in the NRC letter (Reference 1) proposes the "sign" test as
an alternative method. The sign test is the same test proposed by Wallis in Reference 13 and
described by Lurie and Moore in Chapter 21 of NUREG-1475 (Reference 15). The authors of
Reference 16 are also co-authors with Guba of Reference 6. The use of the "pass-fail" or "sign
test" formulation has a significant amount of support in the literature and among the original
contributors to the Guba formulation.

As indicated in the above discussion there is significant disagreement in the literature with
respect to the use of 124 cases to statistically demonstrate compliance with LOCA regulatory
requirements and that the disagreement lies almost completely in the statement of the problem.
Clearly a diversity of opinions exists on how to satisfy the PCT and oxidation criteria of 10 CFR
50.46 simultaneously.

AREVA NP Proposed Approach to Resolve Issue

Despite AREVA NP's belief that the approach approved by the NRC in the original topical report
(Reference 2) is: (1) technically correct; (2) complies with the 10 CFR 50.46 regulatory
requirements; and (3) complies with NRC guidance in Regulatory Guide 1.157, the following
approach is proposed to resolve the disagreement on how to demonstrate compliance to the
three criteria simultaneously. It resolves the issue in what is expected to be a mutually
acceptable fashion.

The proposed approach directly determines the probability that the three criteria are satisfied
simultaneously. The approach is described in References 12 and 13 and in Chapter 21 of
NUREG-1475 (Reference 15). The process samples from the population of LOCA transients for
a specific plant and asks the question for each sample (LOCA transient): are the three criteria
met? The answer to the question is either "yes" or "no." In a set of 59 samples, if there are zero
"no" answers then the probability that the three criteria are met is 95% with 95% confidence.
A number of individuals independent of AREVA NP are available for the NRC to consult with on
this issue; Dan Lurie, an author of Reference 15, and Dr. Graham Wallis, the Chairman of the
Advisory Committee on Reactor Safeguards and an author of References 12 and 13.
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