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1.0 Introduction
Criterion 10 of 10CFR50, Appendix A imposes a reactor design criterion
that the reactor core and associated coolant, control and protection
systems shall be designed with appropriate margin to assure that specified
acceptable fuel design limits are not exceeded during any condition of
normal operation, including the effects of anticipated operational

Sectio ~ 4.4 of the Standard Review Plan (NUREG-0800,occurrences. n

July 198i) imposes as 'an acceptance criterion that there be at least a
'

95 percent probabi.l.i.tg at 95 percent confidence level that the hot rod
in the core does not, experience a departure from nucleate boiling (DNB)
or transition condition during normal operation or anticipated operational
occurrences. Implementation of the criterion is accomplished by the
imposition of a Minimum Departure from Nucleate Boiling Ratio (MDNBR)
limit. .The DNB rat.ios are determined by dividing the local heat fluxes
into the calculated DNB heat flux (or critical heat flux); the MDNBR is
the minimum ratio in the reactor; and the limit is the lowest value .

... allowed for the minimum. The limit is established by statistical
considerations of the operating conditions in the reactor and of the
calculation of the DNB heat flux. The calculation of the DNB heat flux
for nuclear power reactors is done through use of correlations derived'

from experiments with electrically heated models of the nuclear fuel
assemblies.

By letter dated April 8,1982 (Ref.1), Yankee Atomic submitted topical
,

report YAEC-1296P, "DNBR Limit Methodology and. Application to the Maine

Yankee plant," for staff review. A new CHF correlation, designated
YAEC-1, was developed; and an MDNBR limit of 1.17 was proposed that

provides a 95 percent probability at 95 percent confidence level of not
experiencing DNB on a rod at the MDNBR value. This YAEC-1 correlation
wil1 be applied to the Maine Yankee plant. The staff evaluation of the
applicability and acceptability of the YAEC-1 correlation and the
proposed DNBR limit follows.
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2.0 Staff Review and Evaluation
' '

2.1 Data Base

The Maine Yankee Atomic Power Station is a Combustion Engineering (CE)

USSS plant using 14x14 fuel assemblies of Combustion Engineering design.
The data base used for.this new DNB correlation development.is of

,

results from the Columbia University Heat Transfer Laboratory which have
been recently released by EPRI into the public domain (Ref. 2). The
data used are from five test assemblies of the CE 14x14 fuel design.
The test section characteristics are described in Section 2.0 and
Table 2.1 of -the YAEC-1096P and consist of both unifom and non-uniform
axial power distributions (APD). The data points are listed in Appendix A
of the topical report and again in the supplemental infomation submitted
by letter ,of June.l.,1982 (Ref. 3).

2.2 Correlation Deveidoment and Acolication
Yankee's approach to thbir DNB correlation development was to use the

conditions of the first indication of DNB for each of the experimental
deteminations. The data were used to modify the Combustion Engineering
CE-1 CHF correlation to give the new correlation YAEC-1.

_

The experimental data were predicted with use of the COBRA code and the

new YAEC-1 correlation; and measured-to-predicted CHF ratio values were
~

detemined. Plots (Figures 5.2, 5.3, and 5.4 of YAEC-1296P) were made--

of the measured-to-predicted (M/P) CHF ratios as a function of local
quality, local velocity and system pressure. These plots show no

*

systematic deviation over the ranges of these parameters; and, therefore,
indicate that the influences of these parameters are modeled adequately.

Statistical analysis was performed on the measured-to-predicted CHF

ratio data and detemined that the uniform and non-uniform axial power,

shape data could not be combined into one population. The t test and
F test reject the hypotheses of quality of means and variances at the
5 percent level of significance. Therefore, only the more conservative
data, the non-uniform axial power shape data, were used by the applicant
to develop a DNBR limit. The DNBR limit so derived and proposed by the

'

applicant was 1.17 for Maine Yankee application.

.
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2.3 Staff Evaluation
While several DNB indications were found for each experimental run,
those subsequent to the first indication cannot be unequivocally
independent of tne others. The staff has found that the use of only the
first indication of the DNB data by the licensee is proper.

With regard to the experimental and predicted DNB locations, the li.censee
in response to the staff question (Ref. 4) has submitted the required
information (Ref. 5). The agreement between the experimental and predicted
locations is adequat'e. This is particularly true of the radial location
where DNB was correctly predicted in one of the matrix channels.

. _ ,

With regard to the DNBR, limit development, the- licensee has determined
that the unifo?m and K66-uniform axial power shape data could not be

~

combined into one population and, therefore, the more conservative

non-uniform APD data were used to derive a DNBR limit of 1.17. However,

further statistical analysis performed by the staff shows that the two

.
non-uniform APD data sets are not of the same population. Therefore ,
the DNBR limit should be developed from the more restrictive of the two
data sets, the 1.68 top-peaked set. The DNBR limit derived from this
set has a value of 1.20 which provides 95 percent probability at 95
percent confidence level of not experiencing DNB.- - -

In addition, the significant difference between the performance of YAEC-
,

1 on top-peaked and bottom-peaked axial power shapes, which are the only
non-uniform APD data sets used, admits the possibility that for other
axial shapes the performance may be even worse. The use of a tolerance

'

limit implies that a sample was randomly selected from the population of
interest. If " axial shape" represents a significant component of.

variation, and only two axial shapes were sampled, then the correspondence
of sampled population and population of interest is highly unlikely.
Therefore, the question was raised as to any reason for regarding these

*
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two shapes as extremes or any justIEication for the use'of tolerance
interval for setting the DNSR limit. In response, the licensee stated
that the axial shapes analyzed are definitely extremes because the axial
shapes with peak-to-average value of 1.68 were the normal CE design
reactor shapes.

~ This response does not entirely address the concerns of the staff
question. It is true that the shapes are extreme. However, in the " "

context of limit development, the most extreme case need not necessarily
be of the test assedbly most prone to DNB or the one with the lowest DNB
heat fluxes. Rather, the axial shape has to be extreme in the sense
that the variability about YAEC-1 is extreme. While it is li.kely that
extreme peak-to-average shapes entail extreme variability, this is not

,

necessarily ths case ~c' 3' wever, the staff has further reviewed the datao

and as a matter of engin'eering judgement, has found that the 1.68 top
peaked axial power shapes represents a case of extreme deviation of
YAEC-1 correlation and, therefore, yields a conservative estimate of the
variation around the YAEC-l correlation. Therefore, the DNBR limit of
1.20 derived from the top-peaked data is appropriate.

i

The Naine Yankee reload analysis will be performed using the YAEC-1
-- - correlation and the COBRA IIIC code (Refs. 6 and 7), whereas the

COBRA IV code (Ref. 8) was used in the subchannel local condition
calculations in the development of the YAEC-1 correlation. In general,

.

local conditions calculated by different subchannel codes will be
different. Therefore, a CHF correlation derived using one subchannel
code would be somewhat different from that derived using a different
subchannel code. To reduce the effect of these differences, a CHF
correlation should be used in reactor analysis only with the same sub-.

- channel code, or a more conservative code, as was used in correlation

development. Battelle Pacific Northwest Laboratory has determined that
the differences between the COBRA IIIC and COBRA IV codes are small with-
COBRA IIIC predicting local conditions generally in the conservative

.

.
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direction. Maine Yankee has also" performed a study (RG1. 9) to determine
the adequacy of using COBRA-IIIC as the reload analysis code. The study

' provides a comparison covering four of the five test sections with five
subchannel locations each. In all but one case, YAEC-1/ COBRA-IIIC predicts
lower DNBRs'than YAEC-1/ COBRA-IV. This comparison demonstrates that

operating limits established with YAEC-1/ COBRA-IIIC are generally con-
servative relative to YAEC-1/ COBRA-IV. The uncertainties resulting from
YAEC-1/ COBRA IIIC combination over the YAEC-1/ COBRA IV would be small. -
In addition. .the conseryatism of the Maine Yankee reload analysis by
using the deterministic treatment of uncertainties of design parameters
is large enough to compensate for the small uncertainty in the CHF
calculation using the COBRA IIIC code. Therefore, the proposed use of

, , ,

the YAEC-1 correlation with the COBRA IIIC code is acceptable.
.

The staff has also reviewed the proprietary document (Ref. 4 of the
YAEC-1296P topical report) submitted by the licensee to further support
their approach in the form of the YAEC-1 correlation. This document
gives the mechanistic development of a new CHF correlation dependent,

solely on. local conditions. Though the conclusions from a mechanistic
correlation will not necessarily apply to a wholly empirical correlation
such as YAEC-1, the data presented do show that the predictions of YAEC-

1 when using local conditions are conservative and adequate._ _ _

2.4 Restrictions
' * The following restrictions are imposed to the YAEC-1 application:

(a) The correlation is applicable to only the Maine Yankee Standard
14x14 fuel assemblies with geometric configuration comparable to
the test assemblies.

(b) The correlation is applicable to only the range of operationi
,

comparable with the data source ranges listed in Table 3-2 of the
YAEC-1296P report.

(c) The DNBR limit of 1.20 is applicable to only the analyses using the,

COBRA-IIC or COBRA-IV codes.
.

.
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3.0 Summary

The staff has reviewed the YAEC-1296P topical report with the fol' lowing
conclusions:
(a) The YAEC-1 CHF correlation is acceptable for application to Maine

,

Yankee reload with 14x14 fuel assemblies. '

(b) The minimum DNBR limit for YAEC-1 is 1.20 rather than the 1.17
proposed by Maine Yankee.

,

(c) The use of the limit should be restricted to analyses using the
COBRA-IITC or COBRK-IV codes.4

(d) The application of YAEC-1 correlation is restricted to the operating,
conditions given in Table 3.2 of YAEC-1296P.
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