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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
In the Matter of ;
CONSOLIDATED EDISON COMPANY OF NEW YORK, INC. % Docket No. 50-247
) .

(Indian Point Nuclear Generating Unit No. 2
ORDER FOR MODIFICATION‘OF LICENSE

I.
The Consolidated Edison Company of New York, Inc. {the licensee), is
the'holdef of Facility Operating License No. DPR-26 which authorizes
the operation of the nucleaf power reactor known as Iﬁdian Point Nuclear
Generéting Unit No. 2 (the facility) at steady reactor power 1eve]s.not
in excess of 2758 megawatts thermal (rated power). The facility consists
of a Westinghouse Electric Corporation designed pressurized reactor (PWR)\

located at the licensee's site in Westchester County, New York.
II.

In accordance with the requirements of the Commission's ECCS Acceptance
Criteria 10 CFR 50.46, the licensee submitted on January 28, 1977 an
ECCS evaluation for proposed operation using fuel manufactured by the

Westinghouse Electric Corporation. This evaluation included 1imits on the

peaking factor. The ECCS evaluation submitted by the licensee was based

upon an'ECCS eVa?uatiqn developed by the Westinghouse Electric Corpqration

" (Westinghouse), the designer of the Nuclear Steam Supply System for this
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facility, The Westinghouse ECCS Evaluation Model -had been pﬁevious1y
found to conform to the requirements of the Commission's ECCS Acceptance
Criteria, 10 CFR Part 50.46 and Appendix K. The evaluation indicated
that with the peaking factor 1fmited as set forth in the evaluation, and
with other 1imits set forth in the faci1ity's Technical Specifications,
the ECCS cooling performance for the faci1ify would conform with the
criteria contained in 10 CFR 50.46(b) which govern calculated peak clad
temperature,‘maximum cladding oxidation, maximum hydrogen generation,

coolable geometry and long-term cooling.

~ On March 23, 1978 Westinghouse informed the Nuclear Regulatory Commission
(NRC) that an error had been discovered in fhe fuel rod heat balance
equation involving the inéorrect use of only half of the volumetric heat
generation due to metal-water reaction in calculating the cladding
temperature. Thus, the'LOCA.anaiyses previously submitted to the
Commission by licensees of Westinghouse reactors were in error. The staff
promptly determined that no immediate action was required to assure safe

operation of these plants.

The error identified would result in an increase in calculated peak clad
temperature, which, for some plants, could result in calcu1ated_tempera?
tures in excess of é200°Fbuh1éss the allowable heakihg factor was reduced
somewhat. Neétihghouse identified é’number of other areas in the approved
model which Westinghouse indicated bontafned suffiéient conservatism to

offset the calcu1atédvin¢rease in peak clad temperature resulting from the
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correction of the error noted above. Four of thése areas were generic,
applicable to all plants, and a number of others were plant specific.

As out]iﬁed in the attached SER, the staff concurs that_some of these
modifications would be appropriate to offset to somé extent the penalty
resulting from correction of the error. The attached_SER sets forth the

value for each modification applicable to each facility.

Revised computer calculations correcting the error, noted above, and
incorporating the modifications described in the SER héve not been run
for each plant. However, ihe varidus parametric studies that have been
made for various aspécts'of the apbrbved'model over the course pf timé
provide a reasonable basis for concluding that when final revised cal-
culations for the facility are submitted using the revised and corfected
model, they wi]]vdemonstrate that with the peaking factors set forth in
the SER operation will confonn to the criteria of 10 CFR 50.46(b). Such
‘revised calculations fu11y conforming to 10 CFR 50.46 are to be provided

for the facility as soon as possible.

As.discussed in this Order and in the}SER,'operafion of the Indian Point
Unit No. 2 facility at the peaking factdr 1jmit‘specif1ed in this Order,
will assure that the ECCS will conform to the performance requirements of
10 CFR  50.46(b). Aécording]y, this 1imit provides reaéonab}e assurancé

‘that the public health and safety will not be endangered. Upon notification
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by the NRC staff, the licensee committed to'provide a feeva1uation of

ECCS performance as promptly as practicable and to limit operation to achieve
a peaking factor not exceeding the va1ﬁe specified herein. The commitments
were confirmed by the licensee's letter 6f April 17, 1978. The staff believes
that the licensee's action, under the circumstances, is appropriate and that

this action should be confirmed by NRC Order.
Iv.

Copies of the Safety Evaluation and the following documents are available
for inspection at the Commission's PUb]ic Document Room at 1717 H Street,
Washington, D. C. 20555, and are being placed in the'Commisﬁion's 1o§a1
public document room at the Hendrick Hudson Free Library, 31 Albany Post

Road, Montrose, New York.
(1) Letter from Westinghouse to NRC dated April 17, 1978.

- (2) Letter from Consolidated Edison Compahyof New York, to Mr. A. Schwencer,

Operating Reactors Branch #1; dated April 17, 1978.

Accordingly, pursuant to the Atomit Enefgy_Act of 1954, as amended, and
the Commission's Rules and Regulations in 10 CFR Parts 2 and 50, IT IS
ORDERED THAT Facility Operating License No. DPR-26 is hereby amended by -~

adding the following new_pro#isions:



(1) As soon as possible, the 11censee shall subm1t a reevaluat1on of
ECCS cooling performance calculated in accordance with the Nest1ng-
house Evaluation Model, approved by the NRC staff and corrected for

the errors described herein.

(2) Until further authorization by the Commission, the Technical
' Spétification 1imit for total nuclear peaking factor (FQ) for

3 the facility shall be limited to 2.24.

FOR THE NUCLEAR REGULATORY COMMISSION

Division of Operating Reactors
Office of Muclear Reactor Regulation

Dated at Bethesda, Maryland
this 27th day of April 1978.
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NUCLEAR REGULATORY COMMISSION
WASHIRGTON, D. C. 20555

SAFCTY EVALUATIOW BY THL OFFICE OF HUCLEAR REACTOR REGULATION

SUPPORTIIG CRRER FOR FOSIFICATION OF LICENSE

RELATEC T2 ERPGR TN WESTINGHOUSE ECCS EVALUATICH 1HODEL

Introduction

Vestinghouse was inforued on March 21, 1978 by one of their licensees
that an error had been discovered in their ECCS Evaluation Model. This
error was couaon to both the blowdown and heatup codes. VUestinghouse
determined by analyses that the fuel rod heat balance equation in the
LOCTA IV & SATa VI cedes.was in crror-and that the LCCA enalyses
previously suimitied by their customers were incorrect and predicted
peak clad temneratures (FCT's) which were too low. l‘estinghouse
determined that only half of the volumetric heat generation due to
metal-water reaction was used in calculatineg the cladding temperatures.
Thirs an unreviewed safety cuoestion existed since prelimirary estimates
indicated that some nlants would not meet the 2200°F limit of 10 CFR
50.40 at the calculated wmaxinua overall peakina fector 1imit, Westing-
house notified their customars and LRC on Harch 23, 1978 while the
utilities netified N2C through the reaional Offices of Insnpection and
Enforcerient. ?

Precantly upon notification by Vestinanouse, the [RC staff assessea the
jrmadiate safety significance of this information. We noted certain
points that indicated no inwedate action wes reguired te assure |

safe operation of tie nlants. First, most plants orerate at a peaking
factor sicnificantly below the maxiuvs peaking faector used for safety
calculations. By =alinn safety comnutations .at factors hicher than
actual operating levels, the fecility has a wide ranae of flexibility,
viithout the nees for hour to hour reccmputations cf core status., The
difference betueen the actual reaking factors and the maximum calculated
peakine factors, for wmost plants, weuld offset the penalty resulting
fron the correction of tie error. Second, for most reactors there are

—
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a number of very plant-specific parameters which bear upon aspects of
the ECCS performance calculations. Utilities do not generally take
credit for these plant-specific paramneters preferring to provide a
simpler computation which conservatively disregards these individually
small credits. Third, the error in the VNestinghouse computations
relates to the zirconium-water reattion 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 regquirement of Appendix

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

Westinghouse continued to evaluate the impact of the error on previous
plant specific LOCA analyses and performed scoping calculations,
sensitivity studies and some plant-specific reanalyses. In addition,
Westinghouse 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 Splecifications Timits and

on the plants operating flexibility.

On March 29, 1978, Vestinghouse and several of their customers met with
members of the NRC staff in Bethesda. Westinahouse described in detail
the origin of the error, expiained how it affected the LOCA anaiyses,
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 (Fp), Westinchouse presented a 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 cerrelation which had been recently
developed and submitted by Westinahouse in Reference (1) was
proposed as a replacement for the currently approved FLECHT
correlation. To determine the benefit, the proposed correlation
was incorporatef into the LOCTA IV heatup code and was found to
result in improved heat transfer during the reflood portion of

the LOCA. ' o



2. Revised Zircaloy Emissivity

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 . - [

Hestinghouse 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.

These three model modifications were classified as generic, applicable to
all plant analyses. Subsequently, as discussed below, these changes were
rejected by the MRC staff as providing generic benefit. However, a portion -
of the credit proposed by Westinghouse was approved by the MRC staff for
certain specific plants, which had provided specific calculations with the
new 15 x 15 correlation. Durina the period March 29 to April 18, 1978,
Westinghouse provided us with additional sensitivity analysec< and plant
specific analysis in which they evaluated the effects of some changes to
plant-specific inputs in the LOCA analyses. These were as follows:

1. Assumed Plant Power Level

A reduction of the plant power level assumed in the SATAN VI
blowdown analyses from 102% of the Engineered Safeguards Desian
Power {ESDR} level to 102% of rated power was pronosed. 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 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 heat loss into the walls, the COCO code calculates
- an increase in containuent back pressure, which results in a

s e v
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benefit to the cafcu1ated 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 FQ,~and is
referred to as AFcp 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
proposed. In the present LOCA calculations, Westinghouse has
assumed margins in the intial pellet temperature. The margin
available is plant-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 energy) at

~ the end of bleowdown, as calculated by the SATAN code, of approx-

imately 1/3 of the initial pellet temperature margin. Westing-
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 aFpy

in Table 1.

Accumulator Vater Yolume Consideration

Westinghouse has evaluated the effect on ECCS performance of

reducing the accunulator water volume, and has determined that
for those plants for which the downcomer is refilled bzfore the
accunulators are emptied, there is a benefit in PCT. The

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

Stear Generator Tubé Plugaing Consideration

In previous analyses, Westinghouse has assuried values of steam
generator tube plucging which were greater than the actual plant-
specific degree of pluaging. Sensitivity analyses submitted 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 asafFgg in Table 1.

AR T



Discussion and Evaluation

~ The information provided by Westinghouse was separated into two categories;
the generic evaluation model modifications and the plant-specific sensitivity
studies and reanalyses. The NRC staff reviewed the peaking factor lTimits
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 compensate for ‘the model error. The staff_conservative1y
- rounded this penalty up to 0.20.{Reference 5)

Westinghouée also pronosed several compensating generic changes 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. No credit would be given at this time for the changes in the
post-CHF heat transfer correlation and new Zircaloy emissivity

2. Partial credit (70%) would be given at this time for ine use of
the new 15 x 15 FLECHT correlation only for plants which had
provided a specific calculation 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 MNes. 1 and 2, Zion Unit Nos. 1 and 2
and Turkey Point Unit Ho. 3 which had corrected the error in metal-water
reaction. - In these analyses the Dougall-Rohsenow and Zircaley emissivity
credits were not considered, while the-new 15 x 15 FLECHT correlaticn was
included.  We concluded that these reanalyses 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 tian Westinghouse had proposed. liowever, in
one case, Westinghcuse had proposed more limiting peaking factors in
order to prevent clad temperatures at the rupture node from exceeding
2200°F. \We 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 informed each licensee by telephone on April 3, 1978, that they should
administratively reduce the plant's peaking factor limit from the limit
contained in the Technical Specifications to the interim peaking factor
1imit contained in the right hand column of Table 1. In those cases
where the 1imit in Table 1 is 2.32, this represents no change from the
 Technical Specifications 1imit. The peaking factor limit of 2.32 is

- generally supported and approved for Westinghouse reactors employing
constant axial offset 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 approaches 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 reguiring no additional justification:-from the plants with
an interim limit of 2.31.

For the reactors with an interim 1imit less than 2.31 we requested that
the licensee furnish administratively 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
insufficient, : '

"2. To institute procedures for axial power distribution monitoring of

the interim 1limit using a system 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 L

Specifications.



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, 1978, 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 issued for the affected facilities, with operating surveillance
requirements, as applicable, specified in Orders for particular plants,
will assure that the ECCS will conform to the performance requirements of
10 CFR §50.46(b). Accordingly, limits on calculated peak clad temperature,
maximum cladding oxication, maximum hydrogen generation, coolable geometry
and long term cooling provide reasonable assurance that the public health
and safety will not be endangered. '

Date: April 27, 1978
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TABLE 1 PCT | F AFy 1aFzr0 AFFLECHJ F Fsg | F AF AFcp |AFpT | AF AFpcy | Fg LIMIT
fohealysts  [oF | ofo T 2 pcT Q,MIN|FESOR 56 v |fa
2 Loop '
Pt. Beach 1 2005 12.32 | .16 |-.2 - l2.2812.32 | 228 | o0 | - { - },02 . 2,32
Pt. Beach 2 2025 12.32 L6 -2 - 2.28§2.32 2.28 .01 - - ,066 - 2,32
Ginna - 1972 12.32 26 -2 - 2.3212.32 2.32 - - - 053 Y 2,32
Kewaunee 2172 1 2.2% 03 1-.2 . .05 2.1312.25 2.13 01} .02 - - - 2.16
Prairie Island 1/2 2187 12.32 .01 -2 .05 2,18 12,26 2.18 ,0 .02 - - .03 2,24(+)
3 toop ‘
North Anna 2181 12.32 020 4-.2 - 2.1412.32 1 2.4 | - - - - - 2.4
Beaver Valley 204} 2.}2 ) A5 -2 - 2.2712.32 2.27 - - .036 - - 2.31
Farley ] 1997 {2.32 24 -2 - 2.3212.32 2.32 0l 0051 - - - 2.32
" Surry 1 {2177 1.85 02 -2 .06 1.73 ) 1.84 1.73 - .03 L0251 .023 - 1.81
Surry 2 2177 11.85 02 [ -.2 .06 1.73 1 1.84 1.73 - .03 {.,025; .023 - 1.81
Turkey Point 3 2019*1,90 14 10 -.03 2.01 1 2.05 2.0 - } - - .020 - 2.03
Turkey Point 4 2145 {2.05 .00 }-.2 .05 1.90 1 1.9} 1.90 - - - 01 - 1.9}
4 Lbog
Indian Point 2~ | 2086 {2.32 | .11 {-.2 - laaslaz b2 {0 |-} - - - 2.2
Indian Point 3 2125 12.32 07 | -.2, .06 2.25%12.19 Z2.19 .01 - .03 - - - 2.23
Trojan 41975 12.32 .26 -2 - 2.3212.32 2.32 0 - L037 - - 2.32
Salem 1 - S 12135 12.32 06 §-.2 - 2.18) 2.32 2.18 .01 - 024 - - 2.21
. Zion 1/2 Cobwgrzior L - o .03 {2.04] - | 2,08 | - - |- - - 2.06(+)
" Cook 1 2161%1.90 ,03_‘ 0 -.03 1.901¢ 1.98 1.90 - - - - - 1.90
Cook 2 . 2190* 2,10 L0 {0 . 0 2.1 - 2.11 |0 0 ] 0 0 2.
Fr - Credit in FQ for PCT margin to 2200°F Hmit.

zrdz - Metal Water Redct1on penalty on FQ
FELECHT" Credit 1n Fq for 1mprovements to 15x15 FLECHT Correlation.
FPCT - Staff estimated Fq based on 22000F PCT Timit.
'Fsg ~ Westinghouse proposed fFq based on stored energy sens{tivity studies.

*Denotes reanalysis at FQ old value error corrected.

**Denotes reanalyses at FQ old value, error corrected, accumu1ator Vol. -Change of 100 ft3. accumu\ator pressure of 650 psia

" (+) These limits are applicable assuming licensee mod! fies accumulator conditions as appropriate. If not, Prairie

Is\and 172 FQ'Z 21, Iien 1/2 F0—1 9




