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The FULL SPECTRUM™ Loss-of-Coolant Accident (FSLOCA ™) Evaluation Model (EM) relies on non
parametric order statistics to determine tolerance limits for the main LOCA figures of merit: peak cladding 
temperature (PCT), maximum local oxidation (MLO), and core-wide oxidation (CWO). Section 30.3 of 
WCAP-16996-P, Revision I [1] describes the framework and process for constructing upper tolerance limits 
for the multivariate population of LOCA results. 

The FSLOCA EM allows for large sample sizes in the Region II large break LOCA (LBLOCA) analysis to 
generate more information and give a more accurate set of tolerance limits, in contrast with the prior LOCA 
evaluation model (Automated Statistical Treatment of Uncertainty Method (ASTRUM), WCAP-16009-P-A 
[2]), which relied on the minimum number of samples required to bound 95% of the population with 95% 
confidence (95/95). [t has been determined that [ 

1 Background 

As described in Section 30.3 of [l], non-parametric tolerance limits were originally presented by Wilks [3] , 
later extended to multivariate (multi-dimensional) populations by Wald [4] , and subsequently described for 
use in nuclear safety applications by Guba [5). 

Equation 16 of [5) provides a formulation for determining the confidence level associated with upper and 
lower tolerance limits for a population with single outcomes, which appears in Equation 30-4 of [l ]: 

~ = 1 - I(y, s - r, N - s + r + 1) (1) 

In the above, ~ is the confidence level, y is the fraction of the population to be bounded by the tolerance 
limits, N is the number of observations in the sample, and sand r represent the rank of the observations used 
to define the upper and lower tolerance limits, respectively (r=l for the lowest rank case, and s=N for the 
highest). Function I is given by Equation 17 in [5] and Equation 30-5 in [l]. 

Equation 22 of [5] generalizes the formulation for a population with multiple outcomes (dimensions), which 
appears in Equation 30-13 in [1): 

(2) 

In Equation 2, sP and rp represent the cumulative rank of the observations used to define the upper and lower 
tolerance limits in the pth dimension, respectively, which result from an embedding (" imbedding") process, 
described by Guba [5] and Wald [4). 

The embedding process is inherent in the derivation and proof of the mathematical theory. In the application 
of the theory, the sample is ranked with respect to the first dimension, and the tolerance limits are defined 
with respect to the first dimension using upper rank s1 and lower rank r1• Then a smaller subset of the original 
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sample is defined as those points within the established to lerance limits (with respect to the first dimension), 
and the smaller subset is ranked with respect to the second dimension. From the smaller subset, r2 and s2 are 
used to define the tolerance limits in the second dimension, where r2 < s2 ~ s 1 - r1 -1; the ranks are based on 
the subset used for that particular dimension, which reflects prior embedding steps. The process is repeated 
for the remaining dimensions. 

For the LOCA analysis, only a one-sided (upper) tolerance limit is desired, and so r1 = r2 = ... = rp = 0, 
yielding 

(3) 

The process is illustrated in Figure I for a 2-dimensional sample, assuming that the most extreme result is 
used to define the upper tolerance limit in each dimension. In this example, the order in which the embedding 
proceeds has no consequence on the resulting tolerance limits, but that will not necessarily be the case. 

When using the most extreme result among the remaining subset for each dimension, s1 = N, s2 = N-1 , s3 = N 
-2, .. . , and sp=N-p+l. Equation 30-17 of WCAP-16996-P, Revision l is then recovered: 

~ = 1 - I(y, N - p + 1, p) (4) 

Equation 4 thus represents the confidence level to be achieved when bounding a fraction y of a population 
with p outcomes (dimensions), using a sample of size N and using the highest result from the sample (or from 
the remaining subset) for each of the p outcomes to define the upper tolerance limit. 

To reflect the cumulative rank Sp, [ 

1a,c 

(5) 

]a,c and so on, where the subset examined in the ith dimension reflects the embedding (rejection of 
observations) in prior dimensions. Then: 

(6) 

Table l provides the combinations of N and Sp that will provide 95% confidence CP = 0.95) that 95% of the 
population is bounded (y = 0.95), along with [ r·c 

Equation 6 is simply a reformulation of Equation 3, with substitution of [ 
r ·c 

Figure 2 illustrates a set of to lerance limit definitions for a 2-dimensional problem resulting in [ ]a,c. 

Here, a tolerance limit corresponding to [ 

One observation from Figure 2 is that a unique set of tolerance limits for a multidimensional population does 
not exist; multiple choices will successfully bound 95% of the population with 95% confidence. This is not 
unique to non-parametric order statistics techniques. It is a direct result of the multiple ways in which a space 
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with more than I dimension can be bounded to a desired probability. A simple illustration in Figure 3 shows 
this for a two-dimensional population, assumed to be uniformly distributed with values ranging from 0 to 1 in 
both the ' 1' and '2' dimensions. For this population, any set of limits in the ' 1' and '2' dimensions that 
results in a box with area equal to 0.95 will encompass 95% of the population. Assuming only the upper 
tolerance limit is of interest, three such sets of tolerance limits are shown in the figure as the green, red, and 
yellow boxes. An important feature of every upper tolerance limit set is that each dimension 's 95th quantile is 
always bounded; the joint tolerance limits will never under-state the 95th quantile of any single dimension. 
The non-uniqueness, or flexibility, in defining the multi-dimensional tolerance limits is therefore limited to 
the degree to which each individual dimension ' s tolerance limit exceeds its own 95th quantile as needed to 
bound 95% of the joint population. 

2 Issue Description 

To understand the issue, it is first relevant to describe the intended FSLOCA EM Region II application of the 
statistical method as put forth in Section 30.3 of WCAP-16996-P, Revision l [ 1]. 

(7) 

Equation 7 is different than Equation 30-18 in (1 ], [ 
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]a,c 

3 Issue Resolution 

The origin of the issue as described in Section 2 

4 Empirical Testing 

For illustration of adequacy, a series of empirical tests were conducted [ 

Page 4 of34 



LTR-NRC-17-47 NP-Attachment 

Page 5 of34 



L TR-NRC-17-47 NP-Attachment 

5 Conclusions 

Limitation and Condition 11 in Table 22 of the FSLOCA EM SER [6] requires that, [ 
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6 Topical Report and Safety Evaluation Report Considerations 

Section 30.3 of the FSLOCA EM topical report [I] describes the statistical background and FSLOCA EM 
statistical processing of results. While not replacing the discussion of the statistical theory in its entirety, 
[ 
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Attachment 2 of this document provides Section 30 of the FSLOCA EM topical report as updated to reflect 
these changes. Attachment 3 provides the affected pages from Section 31 which require minor edits. The 
changes identified in Attachments 2 and Attachment 3 are changes with respect to the topical report most 
recently provided in L TR-NRC-16-75 [7], and will be applied to the final , approved version. The changes are 
identified in Attachments 2 and Attachment 3 with change bars in the left margin. Additions are shown in 
blue text, while deletions are hidden. 
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Figure 1 Illustration of a 2-dimensional tolerance limit construction 
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Figure 2 Illustration of a 2-dimensional tolerance limit construction with [ 
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Figure 3 Illustration of a 2-dimensional tolerance limit construction for a known population 

a,c 

Figure 4 Illustration of a 2-dimensional tolerance limit construction [ 
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T 2,1 I I I 
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Illustration of a 2-dimensional tolerance limit construction with uncorrelated outcomes 
and lower ranks 

Illustration of a 2-dimensional tolerance limit construction with [ re 
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Table 1 Sample sizes (N) and the required Sp and [ 

I 

r·c 

sP from Equation (3). 
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Updates to Section 30 of the FSLOCA EM Topical Report 
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30 TECHNICAL BASIS OF STATISTICAL PROCEDURES APPLIED IN 
FULL SPECTRUM LOCA UNCERTAINTY METHODOLOGY 

30.1 STATISTICAL METHODOLOGY ROADMAP 

A realistic (best-estimate) safety analysis asks for the assessment of uncertainties associated with physical 
models, data uncertainties, and plant initial and boundary condition variability. The current safety 
regulations of the United States Nuclear Regulatory Commission (US NRC) are stipulated in the Code of 
Federal Regulations (CFR) 10 CFR Part 50, Section 50.46. Based on the 10 CFR 50.46 rule, an 
emergency core cooling system (ECCS) design is required to satisfy prescriptive criteria. The regulation 
identifies the following five criteria: 

1. Peak cladding temperature (PCT) shall be less than 2200°F 

2. Maximum local oxidation (MLO) shall be less than 17% 

3. Core-wide oxidation (CWO) shall be less than 1% (to limit the maximum amount of hydrogen 
generated) 

4. The core shall maintain a coolable geometry 

5. Long term cooling shall be demonstrated 

NRC Information Notice 98-29 (Roe, 1998) provides further clarification that the 10 CFR 50.46(b )(2) 
MLO criterion " includes both pre-accident oxidation and oxidation occurring during a LOCA." In the 
FULL SPECTRUM LOCA (FSLOCA) uncertainty methodology, therefore, ' MLO' results are the sum of 
the two. 

Code Scaling, Applicability, and Uncertainty (CSAU) Element 3, the sensitivity and uncertainty analysis 
element, aims to provide a simple Best-Estimate Plus Uncertainty (BEPU) statement (Boyack et al. , 1989) 
that satisfies the first three criteria above. To accomplish this objective, the effects of the important 
uncertainty contributors are determined. The uncertainty statement is based on the combined effect of the 
contributors. 

The objective of a Loss-of-Coolant Accident (LOCA) analysis is to directly address criteria (b )( 1 ), (b )(2) 
and (b )(3) of I 0 CFR 50.46; the determination of peak cladding temperature, maximum local oxidation, 
and core-wide oxidation. [ 

]8'c Criterion (b)(4) (coolable geometry) 
is satisfied by meeting the first three criteria, and accounting for grid deformation if calculated to occur in 
the in-board assemblies. Typically the last criterion (long-term cooling) is satisfied outside the LOCA 
analysis. 
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Regarding the treatment of uncertainties within the CSAU framework, the most straightforward approach 
is to combine the uncertainties with a direct Monte Carlo simulation. The procedure is designed to first 
generate a sample of the predicted short term LOCA population (which for the FSLOCA evaluation 
model is designed to be more severe than the expected LOCA response). Then non-parametric statistical 
inference procedures are applied to develop probabilistic statements based on the predicted LOCA 
population, which are in tum used to show a high probability of compliance with the I 0 CFR 50.46 
criteria. 

The code ~COBRA/TRAC-TF2) is the ' black-box' which receives as input a set of random values, 
one for each uncertainty parameter, and outputs the three values that characterize a specific LOCA 
scenario (PCT, MLO and CWO). [ 

Several cases (scenarios) are executed until the sample size is large enough to represent the population 
and provide the estimates of the key parameters of interest. The issue is how results are interpreted to 
demonstrate compliance with the 10 CFR 50.46 requirements. 

I 0 CFR 50.46 states that "[. . .]uncertainty must be accounted for, so that, when the calculated ECCS 
cooling performance is compared to the criteria set forth in paragraph (b) of this section, there is a high 
level of probability that the criteria would not be exceeded. " Paragraph (b) of l 0 CFR 50.46 contains the 
list of the acceptance criteria. I 0 CFR 50.46 does not explicitly specify how this probability should be 
evaluated or what its value should be. 

Additional clarification as to the US NRC expectations on the acceptable implementation of the 
"high probability" requirement is provided in Section 4 of Regulatory Guide 1.157 (Best-Estimate 
Calculations of Emergency Core Cooling System Performance) that states: "a 95% probability is 
considered acceptable to the NRC staff[. . .]. " Further, Regulatory Guide 1.157 introduced the concept of 
confidence level as a possible refinement to the uncertainty treatment, but did not expand further on this 
concept. 

As statistical methods are implemented to perform LOCA safety analyses, a statistical statement which 
estimates or bounds the 95th quantile of the population with a 95% confidence level has been suggested 
by the NRC as acceptable to demonstrate the required "high probability." In the previous approved 
Automated Statistical Treatment of Uncertainty Method (ASTRUM, Nissley et al., 2005), the 95th 
quantile of the joint-distribution of PCT, MLO and CWO is bounded with at least 95% confidence level. 
The Safety Evaluation Report (SER) of the Westinghouse Best-Estimate Large Break LOCA methodology 
(ASTRUM) states the following: "the staff determined that a 95th percentile probability level based on 
best approximations of the constituent parameter distributions and the statistical approach used in the 
methodology is appropriately high for this application. " 
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Consistent with the previously approved methodology, the 95/95 criterion is also considered for the 
FSLOCA methodology. [ 

One key difference between the previous Large Break LOCA methodology (ASTRUM, Nissley et.al , 
2005) and the FSLOCA EM is that the FSLOCA methodology extends the break area spectrum 
considered in the analysis to cover the full range from what is historically defined as Small Breaks (SB) to 
Large Breaks (LB) including break sizes typically not analyzed and classified as Intermediate Breaks 
(IB). As discussed in Section 29.2, a simple extension of the ASTRUM approach to smaller break sizes 
was considered not appropriate because SBLOCA would not be properly considered in the sample by 
simply extending a uniform probability distribution of the split break sizes in the SB region. A more 
balanced approach has been developed and was discussed in Section 29.2. 
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30.2 STATISTICAL SAMPLING APPROACH (MONTE CARLO) 

The run matrix is generated by using random numbers. The random numbers are obtained using a 
generator from Press et al. (1992). This particular generator has a period of approximately 2.3 x 10 18

, that 
is, the series of numbers generated would not be repeated before 2.3 x l 0 18 random numbers are used. 
For all practical purposes, this number is quite large and period exhaustion is considered impossible. 

In addition, according to Press et al. (1992), the output from this random number generator has passed 
standard statistical tests intended to detect lack of randomness (especially certain subtle serial 
correlations). 

The random number generator returns a value, RND, between 0 and I. To alter the range to [a,b] instead, 
a linear mapping is applied.: 

VALUE= a+ (b-a)*RND 

The generation of normal (Gaussian) random variables is done by first generating RND and then using a 
rejection method that is efficient for distributions that have symmetric unimodal probability density 
functions (PDFs). 

The random number generator depends on an initial seed to select the starting point in a random sequence. 
Having such algorithms allows for repeatability of results without compromising randomness. In the 
analysis, the initial seed is obtained randomly from the configuration control system. This system assigns 
a random identifier to each run, so that they can be uniquely identified . If the run matrix needs to be 
repeated or extended, repeatability is ensured by using the same seed. 
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30.3 NON-PARAMETRIC ORDER-STATISTICS TOLERANCE LIMITS 
FORMULATION 

The consideration of nonparametric tolerance limits was originally presented by Wilks (Wilks, 1941). 
Wilks showed that for continuous populations, the distribution of P(i,j), the proportion of the population 
between the i-th and j-th order statistics, is independent of the population sampled. 

The assumption of continuity is a rather mild one. ln the present context, it means that the probability of 
getting two runs with precisely the same result is zero. Formally, we require that the cumulative 

distribution function (CDF) of the outcomes be continuous; the PDF, which is the derivative of the CDF, 
need not be continuous for the relevant results to hold. 

Derivation of non-parametric tolerance limits is presented next. This derivation is based on the 
non-parametric multivariate tolerance limits formulation first proved by Wald ( 1943) and more recently 
adapted by Guba-Makai (Guba, et al. , 2003) to the problem of making safety inferences based on the 
output of models of complex systems. The derivation provided here of the non-parametric tolerance limits 
follows the formulation by Guba-Makai. 

For the sake of simplicity the case with a single output variable y with a probability density function g(y) 
is considered first. Assume that nothing is known about the probability density function g(y) except that it 
is continuous. lfN runs are carried out with random input(s), then a sample {y 1, y2, ••• , YN} of the random 
output y will be obtained. 

Two functions L = L (y 1, y2, ••• , YN) and U = U (y 1, y2, ••• , YN) called tolerance limits can be defined such 
that: 

(30-1) 

where p represents the probability that a fraction y of the random output variable y population falls within 
the tolerance limits U and L. 

Now arrange the values y 1, y2, ••• , YN in increasing order (the probability of equal values ofy occurring is 
neglected since g(y) has been assumed to be a continuous function), and denote by Yk the kth of these 
ordered value. 

Thus, in particular: 

y(l) = minyk 

l :s; k :s; N 

and 

and let by definition y(O) = - oo and y(N+ l) = + oo . 
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ln this case, for some positive y < 1 and~ < 1, it can be demonstrated that there can be constructed 

two functions L = L(yi, y2, •• • , YN) and U = U(y 1, y2, ••• , YN), such that the probability~ that 

u 

f g(y)dy > y (30-3) 
L 

can be determined, as demonstrated in Guba, et al. (2003), as: 

P = 1- I(y,s- r, N -s + r + 1) =sf 

1

[~)yj(l -y)N- j 
j=O J 

(30-4) 

where, 

y j- 1 k - 1 
I ( . k) = f u (1 - u) du 

y, J, o B(j, k) (30-5) 

(j - l)!(k - l)! 
B(j , k) = ----

(j + k - 2) ! 
(30-6) 

O ~ r < s ~ N,andL = y( r) , U = y(s) 

Equation 30-4 can be used to provide an answer to the question " for a given L = y(r) and U = y(s), what is 

the sampling size N of the output variable y that has to be collected so that there is a probability~ that a 

fraction y of the random output variable y population falls within the specified tolerance limits U and L ?" 
It can be observed that Equation 30-4 does not depend on the probability density function g(y) or the 
number of input variables in the process. 

In the particular case that the tolerance limits are selected such that r = 1 and s = N (i .e. , the maximum 

and minimum value of the samples y(k) of the output variab le y are used to define Land U), the 
two-sided tolerance level can be obtained as 1: 

P = l - yN -N(l-y)yN- 1 (30-7) 

If interest is limited only to the upper tolerance limit (r = 0 ands= N), 

(30-8) 

l. Note that Guba, et al. (2003) Equation 18 contains a typographical error in the definition of~ for the two-sided 

case that is corrected in Equation 30-7. 
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Guba, et al. (2003) also provides an extension of the single output variable formulation for the case of 

multiple variables. For this case, some additional definitions are required. Consider an output comprised 

of p variables, yi, y2, ... , Yp· Let g (y i, ···Yp) be the joint distribution of the output variables and let Y. be 
defined as: 

Y11 Y12 ··· YIN 

Y = 
Y21 Y22 ... Y2N 

(30-9) 

Yp1 Yp2 ··· YpN 

Analogous to the single output case, the problem of setting tolerance limits for y 1, ... , yP can be formulated 

as follows: for some given positive values y < I and ~ < I, there can be constructed two random 

functions Li= Li (y 1, y2, .. . , YN) and Ui = Ui (y 1, y2, ... , y ), such that there is a probability~ that: 

u, up 

f · · · f g(y J ,. ·., Y p )dy I · · .dy p > Y 
L1 LP 

(30-10) 

If g(y1, ... , yp) is continuous, it can be assumed that no two elements in Y. are equal. The sequence of rows 

in Y. is arbitrary, reflecting the fact that we number the output variables arbitrarily . Let us consider the 
first row of the sample matrix and arrange its elements in order of increasing magnitude y 1(1), Y1(2), .. ., 

Y1(N). Select now between these y 1(r1) as L1 and y1{s1) > y1(r1) as U1 . Let i1'i 2,. .. ,i5,- r, - J stand forthe 

original columns of the elements y1 (r1 + l), y1 (r1 + 2), ... , y1 (s1 - 1). Next, the N observed values of the 

output variable y2 are considered, and the part y 2 i , y 2 i , . .. ,y 2 i of its elements are arranged in 
' I '2 ' s1 - 11 - I 

increasing order to obtain y2(1), y2(2), ... , y2 (s 1 - r1 -1). Select now between these y2 (r2) as L2 and 

y2 (s2) > y 2 (r2) as U2, where evidently r2 :'.::: r1 and s2 :'S s1-r1- I. If this process is applied to the end of the 

sample matrix, a p-dimensional space will be defined: 

where, 

Li Yj(rj) 

ui Yj(s j) 

ri :'.::: ri-1 :'.::: ... :'.::: r 1, 
rj < Sj :'S Sj.J - rj-1 - 1, 

WCAP-16996-NP-A 
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As demonstrated by Guba, et al. (2003), in the case of p ~ 2 dependent output variables with continuous 
joint distribution function g (y 1, ••• , yp) it is then possible to construct p-pairs ofrandom intervals 
[Li, Ui], i = I , ... , p such that the probability of the inequality: 

U1 UP 

f ... f g(y1,-·.,Yp)dY1···dYp >y 
L1 LP 

(30-12) 

is free of g(y 1, ••• , yp) and is given by 

(30-13) 

As demonstrated in Guba, et al. (2003), where I( ... , ... , ... ) is the incomplete beta function ratio defined in 
Equation 30-5 and 

p- 1 
sP:-::;sp- I -rp- I - I :-::;s1 - L (rj + 1) 

j=l 

In several practical applications, r1 = r2 = .. . = rP =I, and Sp= N-2(p-l), and the probability~ from 
Equation 30-13 can be expressed as: 

N-2p(N) ~=1-l(y, N -2p+l ,2p)= L . yj (J -yt- j 
j=O J 

And for a one sided confidence level (r1 = r2 = ... = rp = 0) and Sp= N-p+ 1, then2
: 

~=1-I(y,N- p+l, p)= L . yj (l-y)N-j N- p(N) 

j=O J 

2. Note that Guba, et al. (2003) Equation 25 contains a typographical error in the definition of~ for the 

single-sided case that is corrected in Equation 30-17. 

(30-14) 

(30-15) 

(30-16) 

(30-17) 
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In the preceding discussion and in Equation 30-1 3, Sp and r P represent the cumulative rank of the 
observations used to define the upper and lower tolerance limits in the pth dimension, respectively, which 
result from an embedding ("imbedding") process, described by Guba et al. (2003) and Wald (1943). The 
embedding process is inherent in the derivation and proof of the mathematical theory. In the application 
of the theory, the sample is ranked with respect to the first dimension, and the tolerance limits are defined 
with respect to the first dimension using upper rank s1 and lower rank r1• Then a smaller subset of the 
original sample is defined as those points within the established tolerance limits (with respect to the first 
dimension), and the smaller subset is ranked with respect to the second dimension. From the smaller 
subset, r2 and s2 are used to define the tolerance limits in the second dimension, where r2 < s2 :<::: s1 - r1 - 1; 
the ranks are based on the subset used for that particular dimension, which reflects prior embedding steps. 
The process is repeated for the remaining dimensions. 

For p ~ 2 output variables, Equation 30-13 can be expressed as: 

~ = 1 - I ( y, Sp - r P' N - Sp + r p + 1) (30-18) 

For the LOCA analysis, only one-sided (upper) tolerance limits are desired, and so r1 = r2 = ... = rP = 0, 
yielding: 

(30-19) 

To reflect the cumulative rank Sp, [ 

(30-20) 

]a,c and so on, where the subset examined in the ith dimension reflects the embedding 
(rejection of observations) in prior dimensions. Then: 

where, 
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which can be expanded as follows: 

[ 
r 
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(30-22) 

(30-23) 

Table 30-1 provides combinations ofN and Sp that will provide 95% confidence(~ = 0.95) that 95% of the 
population is bounded (y = 0.95), along with [ ]a,c 

Equation 30-21 is simply a reformulation of Equation 30-19 with substitution of [ 

However, there are important disadvantages of the distribution-free upper confidence bounds. First, the 
extreme order statistics generally tend to have high variance, so different sets of computer runs can give 
very high upper confidence bounds. The variance of the estimator can be reduced by extending the 
sample size. The effect of the sample size on the variance of the estimator is discussed next. 
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30.3.1 Tolerance Intervals and Sample Size 
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The approach discussed in Section 30.3 is the so-called 'tolerance interval method. ' The procedure is 
used to determine an upper bound estimate of a given quantile of the population, say the 95th quantile 
Q95• The joint tolerance limits bound the proportion y = 95% of the population for the considered output 
variables ( )a,c with at least ~ = 95% confidence. Call this estimate 
Q95195• The procedure is known to be conservative (bounding) and the risk of excessively overestimating 
the fraction of the population of interest is very high, especially ifthe estimator is based on the extreme 
case. 

30.4 

3 The approach described in this section to determine the I 
superseded by limitation and condition # 15 from the SER. 
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30.5 OVERVIEW OF FULL SPECTRUM LOCA STATISTICAL PROCEDURE 

Sections 30.3 and 30.4 provided the theoretical basis for the various statistical procedures needed to: 

l. Generate a representative sample of the LOCA scenarios population; 

2. Analyze the results and infer figures of merit that can satisfy compliance with the l 0 CFR 50.46 
design criteria. 
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4 The approach described in the following steps to determine the I 
la,c is superseded by limitation and condition #15 from the SER. 
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30.6 CONCLUSIONS ON COMPLIANCE WITH 10 CFR 50.46 ACCEPTANCE 
CRITERIA 

The previous sections described the statistical theory used to determine the number of cases required to 
assure that there is a high probability that the first two acceptance criteria are met, consistent with the 
10 CFR 50.46 requirements and Regulatory Guide 1.157 guidance. Further insights on the full 
compliance with the I 0 CFR 50.46 criteria are described below. 

30.6.1 

30.6.2 
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Table 30-1 Sample sizes (N) and the required sP and [ 
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Table30-2 Generic Rod Power Census Used for Core-Wide Oxidation Assessment 
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expected to occur only above approximately [ 

Figure 3 1.4-8 shows the peak cladding temperatures [ 
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J8•c Appreciable transient oxidation is 

]a,c Each case indicates rod quench has occurred by [ J8•c 
A comparison of the [ )a,c and the nominal DEG reference transient from 

Section 27 .2. 1 is provided in Figure 31.4-9, where the peak cladding temperature for the hot rod is shown 
[ 

)a,c 

Section 30.3. l discusses the concept of tolerance intervals and sample size in the context of order statistics, 
while Section 30.5 describes [ 

J8•c Figure 31.4-11 shows the upper bound predictor of the 95th 
quantile PCT7 with 95% confidence (95/95) [ 

7 The [ 1•,c was updated after execution of the demonstration analysis . The 

approach described here is superseded by the approach described in Section 30.3 . However, since the 

demonstration analysis was executed prior to the update of the [ 

1•,c did not follow the approved method. 
8 Table is removed in the final , approved version of Section 30 . 
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31.5 SUMMARY REPORT AND COMPLIANCE WITH 10 CFR 50.46 CRITERIA 

The objective of the LOCA safety analysis is to provide upper bound values of PCT, MLO and core-wide 
oxidation (CWO) that can be directly compared against (b )(I), (b )(2) and (b )(3) of the I 0 CFR 50.46 
acceptance criteria. It is written that the "[. . .}uncertainty must be accounted for, so that, when the 
calculated ECCS cooling performance is compared to the criteria set forth in paragraph (b) of this section, 
there is a high level of probability that the criteria would not be exceeded. " 

The method chosen to accomplish such objectives was discussed in Section 30.6. [ 

)a,c 

9 The [ 1•,c was updated after execution of the demonstration analysis. The 

approach described here is superseded by the approach described in Section 30 .3. However, since the 

demonstration analysis was executed prior to the update of the [ 

J"•c did not follow the approved method. 
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