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SAFLTY EVALUATION CY THE OFFICE OF MUCLEAR REACTOR REGULATION

SUPPORTING OUDER FO2 10DIFICATION OF LICENSE

PELATED TO [RPCR IN WESTINGMOUSE ECCS EVALUATICH 1HIDEL

Introdiction

\lestinghcuse was inforiad on March 21, 197¢ by ane of their licensecs
that an error had bDeen Jiscovered in their ECCS Evaluation lodel. This
error was co on to both the blovic.n and heatup cocdoes. \lestinahouse
deteriinea by enalyses that the fuel rod heat bhalance equation in the
LOCTA 1V & SiTAM VI ccdes was in crrer and that the LOCA &nalyses
previously sulwiitted by their customers were incurrect and predicted
peak clad terneratures (“CT's) which were too 1ou. ‘!!estinchouse
deiernined that only half of the voluietric heast generation due to
matal-vater reaction was used in calculating tne cladding tenperatures,
Thus an unrevinwed safety auestion existed since prelininary estimatos
indicated that svme olants would not meet the Z200°F limit of 10 CFR
50.46 at the calculated vaxinun overall peakino factor linit, Westing-
house notified their custorers and LRC on flarch 23, 1973 while the
utilities notified tRC through the regicnal 0Offices of Inspection and
Enforcenent.

.
Proaptly uper notification by Mestinahouse, the IIRC staff assessed the
immediate safety sionificance of this information., We noted certain
points that indicatas no irwedate action was reguired te assure
safe operation of tie nlants. First, most plants operatz at a peakino
factor sicnificantly belay the naxirun peaking factor used for safety
calculetions., By =akino safety ccanutations at facters hicher than
actugl ougratin: levele, the fecility has a wice range of flexibility,
without the neced for nour to hour recomputations of core status. The
difference between the actuzl peaking factors énd the maxiiue calculatad
peaking factors, for wost plants, would offset the penalty resulting
fron the correction of the error. -Second, for nost reacters tnere are



a number of very plant-specific parameters which bear upon aspects of
th> ECCS performance calculations. Utilities do not generally take
credit for these plant-specific paraneters preferring to provide a
simpler computation which conservatively disregards these individually
small credits. Third, the error in the Westinghouse computations
relates to the zirconium-water reattion heat source. This is an aspect
of Appendix K, which is qgenerally recognized to be very conservative,
Mew experimental data indicate that the methods reuuired by Appendix

K appreciably over estimate the heat source. Thus, while the error

in fact entails a deviation from a specific requirenent of Appendix

K, it does not entail a matter of immediate safely significance.

Westinohouse continued to evaluate the impact of the error on previous
plant snecific LOCA analyses and performed scoping calculations,
sensitivity studies and some plant-specific reanalyses. In addition,
Westinohouse investigated several modifications to the previously approved
methods which if approved by the NRC staff would offset some of the
imnediate impact of the error on Technical Specification 1imits and

on the plants operating flexibility.

On March 29, 1978, Westinchouse and several of their customers met with
menbers of the NRC staff in Bethesda. Westinanouse cescribed in cda2tail
the origin ot the error, expiained now it affected the LOCA anaiyses,
and low the error had been corrected and characterized its affect on
current plant specific analyses. In order to avoid reduction in the
overall peaking factor (FQ), Vestinghouse prese.ted 3 description of
three proposed ECCS-LOCA evaluation model modifications which would
contribute a compensating reduction of PCT. They were characterized

as follows:

1. Revised FLECHT 15 x 15 Heat Transfer Correlation

This new reflood heat transfer correl tion which had been recently
developed and submitted by Jestinchouse in Reference (1) was
proposed as a replacement for the currently approved FLECHT
correlation. To deternine the benefit, the proposed correlation
was incorporated into the LOCTA IV heatup code and was found to
result in improved heat transfer during the reflood portion of

the LOCA.



2. Revised Zircaloy Emissivity

Based on recent EPRI data (Reference 2), Westinghouse proposed to
modify the presently approved equation for Zircaloy c¢ladding
emissivity to a constant va'ue of 0.9. The higher emissivity
(previously below 0.8) provides increased radiative heat transfer
from the hot fuel pin during the steam cooling period of reflood.

3. Post-CHF Heat Transfer

Westinghouse proposed to replace their present post-CHF transition
boiling heat transfer correlation with the Dougall-Rohserow film
boiling correlation (Reference 3) which they stated was included

in Appendix K to 10 CFR Part 50 as an acceptable post-CHF correlation.

These three model modifications were classified as generic, applicable to
all plant analyses. Subsequently, as discussed below, these changes were
rejected by the MRC stafi as providing generic benefit. However, a portion
of the creuit proposed by Westinghouse was approved by the MRC staff for
certain specific plants, which ha¢ proviced specific calculaticns with the
new 15 x 15 correlation. Durina the period March 29 to April 18, 1978,
Westinghouse nrovided us with additional sencitivity analvses and plant
specific analysis in which they evaluated the effects of some changes to
plant-specific inputs in the LOCA analyses. These werc .3 follows:

1. Assumed Plant Power Leve)

A reductin.a of the plant power level assumed*in the SATAN VI
blowdown analyses from 102% of the Engineered Safequards Design
Power (ESDR) level to 102% of rated power was pronosed. Previcusly,
analyses had been performed at approximately 4.5% over the rated
power. This change was worth aproximately 0.C1 in Fo, and is
refered to as AFESpR in Table 1.

2. COCO Code Input

A modification to the COCO code input (Reference 3) to more
realistically model the painted containment walls was proposed.
Since the paint on containment walls provides additional
resistance to heatf loss into the walls, the COCO code calculates
an increase in containnent back pressure, which results in a



benefit to the calculated peak cladding temperature of 0 to 40°F,
during the reflooding transient. The magnitude of the henefit is
dependent on the typc of plant and the heat transfer properties
of the paint, and results in up to 0.03 benefit in Fg, and is
referre. to as 4Fcp in Table 1.

Initial Fuel Pellet Temperature

A modification of the initial fuel pellet temperature from the
design basis to the actual as-built pellet temperatures was
proposcd. In the present LOCA calculations, Westinghouse has
assumed margins in the initial pellet temperature. The margin
available is piant-specific and ranges from 28°F to 55°F. Use
of the actual pellet temperature rather than the assumed value
results in a reduction in pellet temperature (stored enerqy) at .
the end of blowdown, as calculated by the SATAN code, of approx-
imately 1/3 of the initial pellet temperature marain. \lesting-
house has provided sensitivity analyses which indicate that a
37°F reduction in fuel pellet temperature at end of blowdown

is worth approximately 0.1 in FQ. This is referred to as 4Fpy
in Table 1.

Accumutlator Water Yolume Consideration

Westinghouse has evaluated the effect on ECCS performance of
reducing the accumulator water volume, and has determined that
for tiose plants for which the downcomer is refilled b:zfore the
accumulators are enptied, there is a benefit in PCT. The

sensitivity studies have indicated that this benefit in 7 is
plant-specific. This is referred to as 4Fpcy in Table 1.

Steam Generator Tube Plugaing Consideration

In previous analyses, Westinahouse has ascumed values of steam
generator tube pluguing which were greater than the actual plant-
specific degree of plugging. Sensitivity analyses subriitted in
Referaence 4 were used to evaluate the benefit available by
realistically representing the plant-specific data. For the
plants affected, the benefit in PCT ranged from 7 to 66°F which
was conservatively worth from 0.007 to 0.66 in Fg. This is

referred to as AFgg in Table 1.



Discussion and Evaluaticn

The information provided by Westinghouse was separated into two categories;
the generic evaluation mode) modifications and the plant-specific sensitivity
studies and reanalyses. The NRC staff reviewed the peaking factor linits
proposed by Westinghouse to verify their conservatism.

The metal-water reaction heat generation error in the Westinghouse ECCS
evaluation model was evaluated by us to determine an appropriate interim
penalty. Westinghouse provided two preliminary separate effects calcula-
tions which indicated that a maximum penalty of from 0.14 to 0.17 was
appropriate to corpensate for the model error. The staff conservatively
rcunded this penalty up to 0.20.(Reference 5)

Westinghouse also proposed several compensating ceneric chanaes in their \
evaluation model to offset any necessary reductions in peaking factor due
to the error. These changes were assessed by us as follows:(Reference 5)

1. Mo credit would be given at this time for the changes in the
post-CHF heat transfer correlation and new Zircaloy emissivity
data.

2. Fartial credit (70%) wouid be given at this tine for the use of
the new 15 x 15 FLECHT correlation only for plants which had
provided a specific calculaticn demonstrating that such credit
was appropriate.

Based on this review we developed recommended interim peaking factor
limits for all the operating plants and decided that any other plant-
specific interin factors (benefits) not related to the generic review
should be considered separately. In addition, the staff reviewed plant-
specific reznalyses for DC Cook Unit Mos. 1 and 2, Zicen Unit Nos. 1 and 2
and Turkey Point Unit No. 3 which had corrected the error in metal-water
reaction. In these analyses the Dougall-Rohsenow and Zircaloy emissivity
credits were not consicered, while the new 15 x 15 FLECHT correlaticn wes
included. Ve concluded that these rearalyses could serve as a basis for
conservatively determining interim peaxing factor limits for these plants.

For most of the operating plants our qeneric review resulted in a lower
allowable peaking factor than We~tinohouse had proposed. However, in
one case, Westinahouse had proposed more limiting peaking factors in
orcer to prevent clad temperatures at the rupture node from exceeding
2200°F. Me concluded that it would be properly conservative to use

the minimun of these values.






We requested the licensees to confirm by letter that they have adopted
the above interim LOCA analyses, interim peaking factor limits and
administrative procedures by April 10, 1976, if their reactors were
operating, and by April 17, 1978, if the reactors were not operating.

Conclusion

We conclude that when final revised calculations for the facility are
submitted using the revised and corrected model, they will demonstrate
that with the peaking factors set forth herein, operation will conform
to the criteria of 10 CFR 50.46(b). Such revised calculations fully
conforming to 10 CFR 50.46 are to be provided for the facility as soon
as possible.

As discussed herein, the peaking factor limits specified in the particular
Orders or Exemptions issued for the affected facilities, with operating
surveillance requirements, as applicable, specified in Orders or Exemptions
for particular plants, will assure that the ECCS will conform to the perfor-
mance requirements of 10 CFR 50.46(b). Accordingly, limits on calculate !
peak claa temperature, maximum cladding oxidation, maximum hydrogen genur:-
tion, coolable geometry and long term cooling provide reasonable assurance
that the public health and safety will not be endangered.

Date: "+ _ember 20, 1978
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TABLE ) PCT | F, aFr 18F2r0 | 8FrLecnt Feer | Fse FQ,min [ 8FgsDR aFcp |afpr | aFgg | aFacy Fq LMY
Fq Amalysis o 090
2 Loop
Pt, Beach | 2025 | 2.32 A6 | -2 - 2.28 12,32 2.28 .0 - - ,029 - 2.2
Pt. Beach 2 2025 | 2.32 L6 -2 - 2.28 12,32 2.28 .0} - - 066 - 2,
Ginna 1972 1 2.32 26 |02 - 2.3212.32 2.32 - - - ,053 - 2,32
VYewaunee 2172 12.25 03 |-.2 .05 2.13)2.25 2,13 M .02 B - - 2.16
Prairie Island 1/2 2187 | 2.32 L1 [-.2 .05 2.1812.26 2.18 0 W02 - - 03 2,24(+)
3 Loop
North Anna 2181 | 2.32 02 -2 - 2.1412.32 2.4 - - - - - 2. e
Beaver Valley 2081 12.32 o195 =l - 2.27 | 2.32 2.21 - - .036 - - 2.3
Farley 1991 }2.32 24 (-2 - 2.3212.%2 2.3 .01 005! - - - 2.32
Surry 1 2177 {1.85 02 | -2 .08 1.73 | 1.84 1.73 - 03 }.025] .023 - 1.8
Surry 2 : 2177 11.85 02 | -.2 .06 1.73 1 1.0 1.73 - .03 |.025) .02) - 1.8]
Turkey Point 3 2019* 1.90 4 {0 -.0] 2.01 2,05 2.00 - - - .020 - 2.03
Turkey Point 4 2195 | 2.05 00 |-.2 .05 1.90 | 1.91 1.90 - - - .0l - 1.91
4 Loop
Indian Point 2 2006 |2.32 d1 -2 - 2,231 2.3 2.23 0 - - - - 2.28
Indian Point 3 2125 |2.32 07 | -2 .06 2.2512.19 2.19 .01 - .03 - - 2.3
Trojan 1975 1 2.32 .26 [ -.2 - 2,321 2.32 2.32 .01 - 037 - - 2.32
Salem 1 135 12,32 06 -2 - 2.1812.32 2.8 .01 - .024 - - 2.
Zion 1/2 Pluges 2.07 - 0 -.03 2.04 - 2.01 - - - - - 2.04(e)
Cook 1 Zi61*1 1,90 03 |0 -.03 1.%0 ] 1.98 1.90 - - - - - 1.50
Cook 2 2190%1 2,10 .01 |o 0 2.1 2.1 {0 0 ‘o 0 2.
1 . )
fFy - Credit in Fy for PCT margin to 2200°F Mimit.
Firg, - Metal Water Reaction penalty on Fy.
FeLecure Credit in FQ for improvements to 15x15 FLECHT Correlation. L
fpcr - Staff estimated Fy based on 2200°F PCT limit. .
: Fsg - Westinghouse proposed Fy based on stored energy sensitivity studies. !
*Denotes reanalysis at Fq old value errar corrected.
**Denotes resnalyses at '0 old value, error corrected, accunulator Vol. Change of 100 't’. accumylator pressure of €

{¢) These limits are applicable assuming licensee modifies accumulator conditions as appropriate. 1f not, Prairie

Island 172 fg*2.21, en 172 Fy=1.9
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