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Northern States Power Company 
ATTN: Mr. L. 0. Mayer, Manager 

Nuclear Support Services 
414 Nicollet Mall - 8th Floor 
Minneapolis, Minnesota 55401 

Gentlemen: 

Enclosed is a signed original Order for Modification of License, dated 
May 18 1978, issued by the Commission for the Prairie Island Nuclear 
Generating Plant Unit Nos. 1 and 2. This Order amends Facility Operating 
License Nos. DPR-42 and DPR-60 by limiting the total nuclear peaking 
factor (FQ) to 2.24 if accumulator conditions are modified and 2.21 if 
accumulator conditions are not modified. This Order also requires sub
mittal of a corrected ECCS analysis as soon as possible.  

A copy of the Order is being filed with the Office of the Federal 
Register for publication.  

Sincerely, 

-A. Schwencer, Chief 
Operating Reactors Branch #1 
Division of Operating Reactors 

Enclosure: 
Order for Modification 

of License 

cc w/enclosure: 
See next page
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Washington, D.C. 20036 

Sandra S. Gardebring 
Executive Director 
Minnesota Pollution Control Agency 
1935 W. County Road B2 
Roseville, Minnesota 55113 

The Environmental Conservation Library 
Minneapolis Public Library 
300 Nicollet Mall 
Minneapolis, Minnesota 55401 

Bernard M. Cranum 
Bureau of Indian Affairs, DOI 
831 Second Avenue South 
Minneapolis, Minnesota 55402 

Mr. John C. Davidson, Chairman 
Goodhue County Board of Commissioners 
321 West Third Street 
Red Wing, Minnesota 55066 

State Department of Health 
ATTN: Secretary & Executive Officer 
University Campus 
Minneapolis, Minnesota 55440 

Chairman, Public Service Commission 
of Wisconsin 

Hill Farms State Office Building 
Madison, Wisconsin 53702 

Chief, Energy Systems 
Analyses Branch (AW-459) 
Office of Radiation Programs 
U.S. Environmental Protection Agency 
Room 645, East Tower 
401 M Street, SW 
Washington, D.C. 20460

U.S. Environmental Protection 
Agency 

Federal Activities Branch 
Region V Office 
ATTN: EIS COORDINATOR 
230 South Dearborn Street 
Chicago, Illinois 60604 

Mr. F. P. Tierney, Plant Manager 
Prairie Island Nuclear Generating 

Plant 
Northern States Power Company 
Route 2 
Welch, Minnesota 55089 

Joclyn F. Olson, Esquire 
Special Assistant Attorney 

General 
Minnesota Pollution Control 

Agency 
1935 W County Road B2 
Roseville, Minnesota 55113 

Robert L. Nybo, Jr., Chairman 
Minnesota-Wisconsin Boundary 

Area Commission 
619 Second Street 
Hudson, Wisconsin 54016
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

In the Matter of ) 

NORTHERN STATES POWER COMPANY ) Docket Nos. 50-282 
and 50-306 (Prairie Island Nuclear Generating Plant 

Unit Nos. 1 and 2 

ORDER FOR MODIFICATION OF LICENSE 

I.  

The Northern States Power Company (the licensee), is the holder of 

Facility Operating License Nos. DPR-42 and DPR-60 which authorizes 

the operation of the nuclear power reactors known as Prairie Island 

Nuclear Generating Plant Unit Nos. 1 and 2 (the facilities) at steady 

reactor power levels not in excess of 1650 megawatts thermal (rated 

power). The facilities consist of Westinghouse Electric Corporation 

designed pressurized water reactors (PWR) located at the licensee's site 

in Goodhue County, Minnesota.  

II.  

In accordance with the requirements of the Commission's ECCS Acceptance 

Criteria 10 CFR 50.46, the licensees submitted on January 20, 1977 an 

ECCS evaluation for proposed operation using 14 X 14 fuel manufactured by 

the Westinghouse Electric Corporation. This evaluation included limits on 

the peaking factor. The ECCS performance evaluation submitted by the licen

see was based upon an ECCS evaluation developed by the Westinghouse Electric 

Corporation, (Westinghouse), the designer of the Nuclear Steam Supply System
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for these facilities. The Westinghouse ECCS Evaluation Model had been 

previously 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 limited as set forth in the 

evaluation, and with other limits set forth in the facilities' Technical 

Specifications, the ECCS cooling performance for the facilities would 

conform with the criteria contained in 10 CFR 50.46(b) which govern cal

culated 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 the fuel rod heat balance 

equation involving the incorrect use of only half of the volumetric heat 

generation due to metal-water reaction in calculating the cladding 

temperature. Thus, the LOCA analyses 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 calculated tempera

tures in excess of 2200°F unless the allowable peaking factor was reduced 

somewhat. Westinghouse identified a number of other areas in the approved 

model which Westinghouse indicated contained sufficient conservatism to 

offset the calculated increase in peak clad temperature resulting from the
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correction of the error noted above. Four of these areas were generic, 

applicable to all plants, and a number of others were plant specific.  

As outlined in the attached SER, the staff concurs that some of these 

modifications would be appropriate to offset to some 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 have not been run 

for each plant. However, the various parametric studies that have been 

made for various aspects of the approved model over the course of time 

provide a reasonable basis for concluding that when final revised cal

culations for the facilities are submitted using the revised and corrected 

model, they will demonstrate that with the peaking factors set forth in 

the SER 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 facilities as soon as possible.  

As discussed in this Order and in the SER, operation of the Prairie Island 

facilities at the peaking factor limit specified in this Order, will assure 

that the ECCS will conform to the performance requirements of 10 CFR 

50.46(b). Accordingly, such limits provide reasonable assurance that the 

public health and safety will not be endangered. Upon notification by the
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NRC staff, the licensee committed to provide a reevaluation of ECCS 

performance as promptly as practicable and to limit operation to achieve 

a peaking factor not exceeding the value specified herein. These commit

ments were confirmed by the licensee's letter of April 10, 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 Public Document Room at 1717 H Street, 

Washington, D. C. 20555, and are being placed in the Commission's local 

public document room at the Environmental Conservation Library, Minneapolis 

Public Library, 300 Nicollet Mall, Minneapolis, Minnesota 55401.  

(1) Letter from Westinghouse to NRC dated April 7, 1978.  

(2) Letter from Northern States Power Company, to the Director, Nuclear 

Reactor Regulation, dated April 10, 1978.  

Accordingly, pursuant to the Atomic Energy 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 Nos. DPR-42 and DPR-60 are hereby 

amended by adding the following new provisions:
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(1) As soon as possible, the licensee shall submit a reevaluation of 

ECCS cooling performance calculated in accordance with the Westing

house Evaluation Model, approved by the NRC staff and corrected for 

the errors described herein.  

(2) Until further authorization by the Commission, the Technical 

Specification limit for total nuclear peaking factor (FQ) for 

these facilities shall be limited to maximum allowable 2.24 if the 

accumulator conditions are modified as specified in the licensee's 

letter dated April 10, 1978 or to 2.21 if the accumulator conditions 

are not so modified.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Vi: tor rSt ljofr, i rec to r 
Division of Ope1t g Reactors 
Office of Nuclear Reactor Regulation 

Dated at Bethesda, Maryland 
this 18th day of May 1978.
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•,k- ((0 NUCLEAfR REGULATCIY COMMISSION 
k - rit, '. ' WASHINGTON, D. C. 20555 

SAFETY EVALUATION BY THE OFFICE OF H!UCLEAR REACTOR REGULATION 

SUPPORTING ORDER FOPS WODIFICATIOMJ OF LICENSE 

RELATED TO ERROR IN WEKSTIN!GHOUSE ECCS EVALUATION MODEL 

Introduction 

Westinghouse was informed on March 21, 1978 by one of their licensees.  
that an error had benn discovered in their ECCS Evaluation Model. 1This 
error was common to both the blowdown and heatup codes. Westinqhousf.ý 
determined by analyses that the fuel rod heat balance equation in the 
LOCTA IV & SATAU VI codes was in error and that the LOCA analyses 
previously submitted hy their customers were incorrect and predicted 
peak clad temperatures (PCI's) which were too low. Westinghouse 
determined that only half of the voluumetric heat generation due to 
metal -water reaction was used in calculating the cladding temperatures.  
Thus an unreviewed safetyv question nxisted since orel iminary es1imat.s 
indicated that some plants would not meet the 220 0AF linit of l0 CFR 

50.46 at the calculated mIaxir•.m overall peaking factor limit. Westiny
house notified their custoners and [,RC on March 23, 1978 while the 
utilities notified PIC through the regional Offices of Inspection anc 
Enforcement.  

Promptly upon notification by .,estinqhouse, the NRC staff assessed the 
immediate safety significance of this information. We noted certain 
points that indicated no i!,1n1edate action was required to assure 
safe operation of the plants. First, nost plants operat'2 at a peakirg 
factor significantly below the maximun peak ing factor mtsed for safeq'.! 
calculations. Bvy makting safety computations At factors hipher than 
actual operating levels, the facility has a wide range of flexibility..', 
without the need for nour to hour reconputations of core status. The 
difference between th• actual peaking factors and the maximuo calculeted 
peaking factors, for viost plants, would offset the penalty resul tinot 
fron the correction of the error. Second, for most reactors there aeie
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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 parameters preferring to provide a 

simpler computation which conservatively disregards these individually 

small credits. Third, the error in the Uestinghouse 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 requirement 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 

immediate impact of the error on Technical Splecifications limits and 

on the plants operating flexibility.  

On M4arch 29, 1978 V!estinghouse and several of their customers met with 

members of the NRC staff in jethesda. 1W1estinqhouse described in det•il 

the origin of the error, explained how it affected the LOCA anrwiyseC, 

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 (FQ), Westinghouse 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 correlation v.hich had been recently 

developed and submitted by Westinghouse in Reference (1) was 

proposed as a replacement for the currently approved FLECHT 

correlation. To deter�ine the benefit, the proposed correlation 
corre atio .To deer 

I 

was incorporated into the LOCTA IV heatun 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.  

These three model modifications were classified as generic, applicable to 

all plant analyses. Subsequently, as discussed below, these changes were 

rejected by the NRC staff as providing generic benefit. However, a portion 

of the credit 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, 
Westinghouse provided us with additional -ensitivity analyses, and nlant.  

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 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 FQ, and is 
refered to as AFESDR 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 containment 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 FQ, and is 

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 intial pellet temperature. The margin 

available is plant-specific and ranges from 28°F to 550 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 blowdo,,in, as calculated by the SATAN code, of approx

imately 1/3 of the initial pellet temperature marqin. Westing

house has proviced 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 AFpI 

in Table 1.  

4. Accumulator WF.ater Volumc Consideration 

Westinghouse has evaluated the effect on ECCS performance of 

reducing the accumulator water volume, and has determined that 

for those plants for which the dovncomer is refilled before tile 

accumulators are emptied, there is a benefit in PCT. The 

sensitivity stodies have indicated that this'benefit in FQ is 
plant-specific. This is referred to aS AFACV in Table 1.  

5. Steam Generator Tube Plugging Consideration 

In previous analyses, Westinghouse has assumed values of steam 

generator tube plugging which were. greater than the actual plant

specific deqree of plugging. 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 ranqed from 7 to 66°F which 

was conservatively worth from 0.007 to 0.66 in FQ. This is 

referred to asAFSG in Table 1.
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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 limits 
proposed by Westinghouse to verify their conservatism.  

The metal-water reaction heat generation error in the Westinghouse ECCS 

evalOation 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 conservatively 
rounded this penalty up to 0.20.(Reference 5) 

Westinghouse also proposed 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 
data.  

2. Partial credit (70O") would be given at this time for t-he 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 plaait

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 tios. 1 and 2, Zion Unit N'os. 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 Zircaloy emissivity 

credits were not considered, while thme-new 15 x 15 FLECHT correlation w:;as 

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 than Westinghouse had proposed. However, in 

one case, Westinghouse had proposed miore 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 

limit contained in the right hand column of Table 1. In those cases 

where the limit in Table 1 is 2.32, this represents no change from the 

Technical Specifications limit. 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 requiring no additional justification from the plants with 

an interim limit of 2.31.  

For the reactors with an interim limit 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 limit 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 

Specifications. -
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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, 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 550.46(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 require-lents of 
10 CFR §50.46(b). Accordingly, limits on calculated peak clad temperature., 
maximum cladding oxidation, maximum hydrogen generation, coolable qcoi;letry 
and long term cooling provide reasonable assurance that the public health 
and safety will not be endangered.

Date: May 18, 1978
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TABLE I AFO AFFLEPCTl FpC T FSE FQMINIAFESDR AFcp &FPT AFSG V 

FQ Analysis O D 
'6 

.n ,029 2,32 2 Loop2 i .1 

Pt. Beach 1 2025 2.32 .16 -.2 2.28 2.32 2.28 .01 : 066 2,32 

Pt. Beach 2 2.28 2.32 2.28 . ,053 2,32 

Ginna 1972 2.32 26 -.2 2.32 2.32 02.32 - -.0 2,21 

Kewaunee 2172 2.25 :03 -.2 .05 2.13 2.25 2,13 02 -03 
2,16 

Prairie Island 1/2 2 32 01 1.05 2.18 2,26 2.18 .0 2 

3 __ oop 21872_ 
2.14 

North Anna 2181 2.32 .02 -.2 - 2.14 2.32 2.27 - 5.06- - 2.314 

Beaver Valley 2041 2.32 .15 -. 2 
-27 2.3 2.27 - 2..0 32 

Farley 991 2.32 .24 -. 2 2.32 2.32 2.32 .01 00 - - 2.32 
SFrry 1 2177 1.85 .02 -. 2 73 1.84 1.73 - .03 .025 .023 - 1.81 
Surry 2 17 1.85_2 .06 1.73 1. 13- .03 .025 .023 - 1.81 

Turkey Point2 3 201 1.90 .14 0 -03 2.01 2.05 2.01 - - 020 2.03 

Turkey Point 4 219Y 2.05 .00 -. 2 -:05 1.90 1.91 1. .g .01 - 1.91 

4 Loop 22 

Indian Point 2 2086 2.32 .11 -. 2 - 2.23 2.23 2.23 .01 -

Indian Point 3 2125 2.32 .07 -. 2 .06 5 19 2.19 .01 - .03 - - 2.23 

n19752.32 .26 -.2 - 2.32 2.32 2.32 .01 - .037 - - 2.32 
Trojan 1135 12.32 .06 -. 2 - 2,191 2.32 2.18 .01 - .024 - 2.21 

Salem 1 2.045 2.2 .6 . 2.04(+) 

zion 1/2 109**l2.07 - 0 -. 03 2,04 _ .04 - -" 2.04(o 

Cook 2 2 0 .01 .1 0 
I 

L 

FT - Credit in FQ for PCT margin to 2200SF limit.  

FzrO2  - Metal Water Reaction penalty on FQ.  

FFLECHT- Credit in FQ for improvements to 15xl5 FLECHT Correlation.  

FPCT - Staff estimated FQ based on 2200°F PCT limit.  

FSE - Westinghouse proposed FQ based on stored energy ! ensitivity studies.  

*Denotes reanalysis at FQ old value error corrected.  

"-**enotes reanalyses at F0 old value, error corrected, accumulator Vol. Change of 100 ft 3 , accumulator pressure of 650 psia 

(+) These limits are dpplicable assuming licensee modifies accumulator conditions as appropriate. If not, Prairie 

Island 1/2 FQ= 2 . 2 1, Zion 1/2 F,1.9


