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RELATED TO ERROR IN WESTIl!GH0llSE ECCS EVALUATIOl1 liODEL

Introduction
.

!!estinghouse was informed on flarch 21, 1978 by one of their licensees
that an error had been discovered in their ECCS Evaluation f:odel. This s

error was comon to both the bloitie.in and heatup codes. t!estinahouse
detentined by analyses that the fuel rod heat balance equation in the '

LOCTA IV a SATA!! VI ccdes was in error and that the LOCA analyses
previously subnitted by their customers were incorrect and predicted
peak clad terrieratures (PCT's) which were too lou. !!estinchouse
deter.?.ined that only half of the voluaetric heat generation due to
matal-vater reaction was used in calculating the cladding tenceratures.
T hu e, an unreviewed safety quee.tinn exie.ted since preliminary rMticates
indicated that some olants would not meet the 2200*F limit of 10 CFR
50.46 at the calculated oaxinua overall peaking factor linit. Westing-
house notified their custoners and i3C on liarch 23, 1978 while the
utilities notified i:RC through the regional Offices of Inspection and
Enforcenent.

.

Proaptly upon notification by !!estinnhouse the !!RC staff assessed the
imediate safety sionificance of this infomation. We noted certain
points that indicated no inmedate action was required to assure
safe operation of the plants. First, nost plants operate at a peakinn
factor significantly belou the maxinun peaking factor used for safety
calculations. By v.aking safety ccyutat_ ions at factors hicher than
actual ocerating level 5, the facility has a wice rance of flexibility,
without the need for incur to hour rccomputations of core status. The
difference between the actual peaking factors and the maxii.:un calculated
peaking factnrs, inr most plants, 5:ould offset the penalty resulting
froq the correction of the error. -Second, for r.iost reactors tnere are
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a number of very plant-specific parameters which bear upon aspects of
tha ECCS performance calculations. Utilities do not generally take
credit for these plant-specific paraneters preferring to provide a
simpler conputation which conservatively disregards these individually
small credits. Third, the error in the Westinghouse computations
relates to the zirconium-water reaction heat source. This is an aspect
of Appendix K, which is generally recognized to be very conservative.
New experimental data indicate that the methods required 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 inmediate safety significance.

Westinghouse continued to evaluate the inpact of the error'on previous ~
plant specific LOCA analyses and perforned scoping calculations,
sensitivity studies and some plant-specific reanalyses. In addition, g
Westinghouse investigated several modifications to the previously approved
nethods which if approved by the NRC staff would offset some of the -

innediate inpact of the error on Technical Specification limits and
on the plants operating flexibility.

On 11 arch 29,1978, Vestinahouse and several of their customers net with
members of the !mC staff in Bethesda. Westinghouse cescribed in detail
the origin of the error, explainea now it affected the LOCA analyses,
and how the error had been corrected and characterized its affect on
current plant specific analyses. In order to avoid reduction in the
overall peaking factor (Fg),luation model modifications which wouldUestinghouse presented a description ofthree proposed ECCS-LOCA eva
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 3 tion which had been recently
developed and submitted by Westinghouse in Reference (1) was
proposed as a replacenent 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. .

.
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2. Revised Zircaloy Enissivity

Based on recent EPRI data (Reference 2), Westinghouse proposed to
modify the presently approved equation for Zircaloy cladding
emissivity to a constant value 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-Rohsenow film
boiling correlation (Reference 3) which they stated was included
in Appendix K to 10 CFR Part 50 as an acceptable post-CHF correlation. g

These three model nodifications were classified as generic, applicable to -

all plant analyses. Subsequently, as discussed below, these changes were
rejected by the HRC staf f as providing generic benefit. However, a portion
of the creait proposed by Westinghouse was approved by the NRC staff for

- certain specific plants, which had provided specific calculations with the
new 15 x 15 correlation. During the period March 29 to April 18, 1978,
Westinghour.e provided us with additinnal sensitivity analyses and plant
specific analysis in which they evaluated the effects of some changes to
plant-specific inputs in the LOCA analyses. These were os follows:

1. Assumed Plant Power Level

A reductica of the plant power level assumed *in the SATAH VI
blowdown analyses from 102% of the Engineered Safeguards Design
Power (ESDR) level to 102% of rated power was proposed. Previously,
analyses had been performed at approximately 4.5% over the rated
power. This change was worth aproximately 0.01 in Fg, and is
refered to as AFESDR in Table 1.

2. C0C0 Code Input
"

, A modification to the C0C0 code input (Reference 3) to more
| realistically model the painted containment walls was proposed.

Since the paint on con'tainnent walls provides additional
resistance to heat loss into the walls, the C0C0 code calculates
an increase in containaent back pressure, which results in a

.
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benefit to the calculated peak cladding temperature of 0 to 40*F,
during the reflooding transient. The magnitude of the benefit is
dependent on the type of plant and the heat transfer properties
of the paint, and results in up to 0.03 benefit in F , and isQ

referred to as AFCP in Table 1.

3. Initial Fuel Pellet Temperature

A modification of the initial fuel pellet temperature from the
design basis to the actual as-built pellet temperatures was-

proposed. In the present LOCA calculations, Westinghouse has
assumed margins in the initial pellet temperature. The margin
available is plant-specific and ranges from 28'F to SS*F. Use
of the actual pellet temperature rather than the assuaed value
results in a reduction in pellet temperature (stored energy) at g

the end of blowdown, as calculated by the SATAf1 code, of approx-
inately 1/3 of the initial pellet temperature margin. Ifesting- -

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 AFPT
in Table 1.

4. Accumulator "ater Volume Consideration

Westinghouse has evaluated the effect on ECCS perfornance of
reducing the accumulator water volume, and has determined that
for tieose pl~ ants for which the downcomer is refilled before the
accumulators are emptied, there is a benefit in PCT. The
sensitivity studies have indicated that this benefit'in FQ is
pl ant-speci fic. This is referred to as AFACy in Table 1.

5. Steam Generator Tube Plugoing Consideration
.

In previous analyses, Westinghouse has assumed values of steam
generator tube plugging which were. greater than the cctual plant-
specific degree of plugging. . Sensitivity analyses subaitted in
Reference 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 asAFSG in Table 1.

,
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Discussion and Evaluaticn

The information provided by Westinghouse was separated into two categories;
the generic evaluation model modificatio'ns and the plant-specific sensitivity
studies and reanalyses. The NRC staff reviewed the peaking factor liuits
proposed by Westinghouse to veritt their conservatism. .

The netal-water reaction heat generation error in the Westinghouse ECCS
evaluation nodel was evaluated by us to determine an appropriate interim
penal ty. Westinghouse provided two preliminary separate ef fects calcula-
tions which indicated that a maximum penalty of from 0.14 to 0.17 was
appropriate to conpensate for the model error. The staff, conservatively
rounded this penalty up to 0.20.(Reference 5)

Westinghouse also proposed several ca1pensating generic changes in their s

evaluation model to offset any necessary reductions in peaking factor due
~

to the erro.r. These changes were assessed by us as follows:(Reference 5)

1. No credit would be given at this time for the changes in the
post-CHF heat transfer correlation and new Zircaloy emissivity
data.

2. Partial credit (70%) would be given at this time 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 reanalyses for DC Cook Unit Hos.1 and 2, Zion Unit Nos.1 and 2
and Turkey Point Unit No. 3 which had corrected the error in netal-water
reaction. In these analyses the Dougall-Rohsenow and Zircaloy emissivity
credits were not consicered, while the new 15 x 15 FLECHT correlation was
included. He concluded that these rearalyses could serve as a basis for
conservatively determining interim peaking factor limits for these plants.

For most of 'the operating plants our generic review resulted in a lower
allowable peaking factor than Weitinghouse had proposed. However, in
one case, Westinghouse had proposed more limiting peaking factors in
order to prevent clad temperatures at the rupture node from exceeding
2200*F. He concluded that it would be properly conservative to use
the minimum of these values.

.
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Based on plant-specific sensitivity studies, performed by Westinghouse,
the licensees have submitted requests for interim plant-specific benefits.
We reviewed these sensitivity studies and recommended that appro-
priate credits be accepted. The results of these analyses are shown
in Table 1. ,.

We inforned each licensee by telephone on April 3,1978, that they should
administrative 1y reduce the plant's peaking factor limit from the limit
contained in the Technical Specifications to the interim peaking factor
limit contained in the right hand column of Table 1. In those cases
where the limit in Tabie 1 is 2.32, this represents no change fran the
Technical Specifications limit. The peaking factor limit.of 2.32 is |

|
generally supported and approved for Westinghouse reactors enploying
constant axial of fset control operating procedures (Reference 6).

$
For the reactors having an interim peaking factor limit of 2.31, we
requested no further justification of the limit. This is because the ,

generic analysis supporting the limit of 2.32 anproaches the limit only
at beginning of the first cycle. Since the affected reactors have
operated past this point, it is clear that the maximum attainable peaking
factor'will be less than 2.32. While this margin has not been quantified,
we are convinced it is substantially greater than the 0.01 for
which we are requiring no additional justification from tne plants witn
an interim limit of 2.31.

For the reactors with on interim limit less than 2.31 we requested that
the licensee furnish administrative 1y imposed procedures to replace Technical,

Specifications either: .

1. To provide a plant specific constant axial offset control analysis of
18 cases of load following which would ensure that the interim limit
would not be exceeded in normal operation of the power. plant, or, at
its option, if such analysis were unobtainable, inappropriate or
insuf ficient,

.

2. To institute procedures for axial power distribution monitoring of
the interin limit using a systen designed for this purpose. If such
systems do not exist manual procedures could be used as indicated in
our Standard Technical Specifications 3/4 2.6 and ancillary
Specifications. -

i
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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, ifmits on calculated
peak claa temperature, maximum cladding oxidation, maximum hydrogen genere.-
tion, coolable geometry and long term cooling provide reasonable assurance
that the public health and safety will not be endangered.

Date: :+. ember 20, 1978

.

* -

, - -



_ _ . . . . . _ ._ . -_ . - _ _ _ . . _ _ - - - _ - _ - _ - _ . _ - - . -_ _ - . -_,_

f I

*1

-
.

,

q
-

.- .

.Peferences

i 1. R. S. Doucall, 11. ft. Rchsenow, " Film Boiling on the Inside of
Vertical Tubes with Upward Flow of the Fluid at Lou Qualities",
MIT Report 9079-26, Septenber 1963.

I

I 2. EPRI Report HP-525, "High Temperature Properties of Zircaloy-
Oxygen Alloy", llarch 1977.

3. WCAP-9220. "!!estinghouse ECCS Evaluation flodel, February 1978
Version", February 1978.

| 4. IlCAP-8985 " Perturbation Technique For Calculatin? ECCS Cooling
Perforinance", February 1977.-

j 5. Heraorandun: P,osztoczy to Eisenhut and P.oss, "lletal-!!ater Reaction
j Heat Generation Error in llestinghouse ECCS Evaluation flodel Computer

Progran," April 7, 1978.;

*6. T. tiorita, et al., " Power Distribution Control and load Followinn
Procedures," WCAP-8385 (Proprietary) and l| CAP-8403 (Non-Proprietary), .

Septenber 1974.
P

'
.

$

!

I

*

.

5

.

.

|

I

I

t

|
.

I

{
-

;

- .... -. - -- , - - . - - . . . . - . . . _ - . . - - . . _ _ . , . _ - . _ _ - _ - . .



_ _.

... . . . . -- . . - -

.
- *

.

.

~

.
~

. , ,

172LE 1 PCT Fn AFy Afar 07 aFFLECHT FPCT FSE F , MIN aFESDR aFCP AFry AF g AFACV IQ LIMIT-Q $OF OEDFg Analysis.

2 Loop

Pt. Beach 1 2025 2.32 .16 .2 2.28 2.32 2.28 .01 029 2.32- - - -

Pt. Beach 2 2025 2.32 .16 .2 2.28 2.32 2.28 .01 066 2.32- - - .
Ginna 1972 2.32 .26 .2 2.32 2.32 2.32 053 2,32- - - - -

rewaunee 2112 2.25 .03 .2 .05 2.13 2.25 2.13 .01 .02 2.16- - -

Prairie Island 1/2 2187 2.32 .01 .2 05 2.18 2.26 2.18 01 02 03 2.24(+)- -

3 L oc_p,

iNorth Anna 21111 2.32 .02 .2 2.14 2.32 2.14 2.14
- -- - - - -

Beaver Val. ley 204) 2.32 .15 .2 2.21 2.32 2.27 .036 2.31- - - - -
Farley 1991 2.32 .24 .2 2.32 2.32 2.32 .01 .005 2.32 i

- - - -

Surry 1 2117 1.85 .02 .2 .05 1.73 1.84 1.73 .03 .025 .023 1.01- -
Surry 2 2177 1.85 .02 .2 .06 1.73 1.114 1.73 .03 .025 .023 1.81- -

Turkey Point 3 2019* 1.90 .14 0 .03 2.01 2.05 2.01 2.03
.

'.020- - - -Turkey Point 4 2195 2.05 .00 .2 05 1.90 1.91 1.90
~

,

.01 1.91- - - -
.

4 Loop
.

Indian Point 2 2006 2.32 .11 .2 - 2.23 2.23 2.23 .01 2.24- - - -

Indian Point 3 2125 2.32 .07 .2 .06 2.25 2.19 2.19 .01 .03 2.23- - -Trojan 1975 2.32 .26 .2 - 2.32 2.32 2.32 .01 .037 2.32- - -
Salen 1 2135 2.32 .06 .2 - 2.10 2.32 2.18 .01 .024 2.21- - -

Zion I/2 ? lc9 * * 2.07 0 .03 2.04 - 2.04-
2.0M+)- - - - -

Cook 1 2161* 1.90 .03 0 .03 1.90 1.98 1.90 1.93- - , - - -
Cook 2 2190* 2.10 .01 0 0 2.11 2.11 0 0 0 0 2.11- -

| * i

Fy - Credit in Fq for PCT margin to 22000F limit.

Far02 - Metal Water Reaction penalty on Fg.
6

FFLECHT- Credit in Fq for fmprovements to 15:15 FLECHT Correlation. ?
e-

FPCT - Staff estimated Fg based on 22000F PCT limit.i
.

/ .

'FE - Westinghouse proposed Fq based on stored energy sensitivity studies. #
S -

.

*0enotes reanalysts at Fq old value errnr corrected. '

e

3** Denotes reanalyses at Fg old value, error corrected, accunciator Vol. Change of 100 ft , accumulator pressure of 650 psia
.

. . - _ . . ,

' (+) These Ilmits are app 1tcable assuming Itcensee modiftes accumulator conditions as appropriate, if not. Prairle -

Island 1/2 Fg=2.21 Zicn 1/2 Fg=1.9 |,

o
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