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DOCKET NO.: 50-305 
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REVIEW STATUS: Complete 

Pursuant to the requirements of the Commission's regulations, 
10 CFR 50.46, the applicant submitted an evaluation of the Kewaunee 
Nuclear Power Plant, ECC performance on July 8, 1975 as part of 
Amendment Number 35 to the FSAR. The analyses were based upon the 
Westinghouse evaluation model, which the NRC staff has reviewed and 
concluded in Reference 1 to be in conformance with 10 CFR Part 50, 
Appendix K.  

The Reactor Safety Branch has reviewed the ECCS analyses submitted 
by the applicant to-show conformance with 10 CFR 50.46 and has 
concluded that the proposed operation of the reactor is acceptable, 
contingent upon the modifications noted in the enclosed SER supplement.  

The review of the long term cooling and boron precipitation has found 
that the simultaneous injections to the cold legs and to the reactor 
vessel will assure low boric acid concentration in the reactor vessel.  

The NRC staff has reviewed the instrumentation and piping diagrams 
and-found that the ECC system can be operated in the manner complying 
with single failure criterion.  

In addition, the attached draft SER addresses the areas of Power 
Distribution Control and Monitoring and Fuel Rod Bowing. The staff
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hds concluded that the Kewaunee design has sufficient margin to cover the uncertainties and penalties imposed by the staff in consideration of the incomplete information on fuel rod bowing effects on local power spikes.  
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Darrell G. Eisenhut, Assistant Director 
for Operational Technology 
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1.0 Introduction 

The applicant submitted an evaluation of the ECCS performance 

on September 4, 1974 (small break LOCA) and July 8, 1975 (major 

reactor coolant system pipe ruptures) pursuant to the requirements 

of the Commission's regulations, 10 CFR 50.46. The analyses sub

mitted were based on the approved Westinghouse ECCS evaluation 

model.  

The staff has reviewed the ECCS performance evaluation and 

concluded that the proposed operation of the reactor is 

acceptable, contingent upon the completion of the modifications 

noted in Section 3.0 of this Draft Safety Evaluation Report.
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2.0 Conclusions 

Based on our review, the staff concludes that: 

1) The LOCA analyses that were performed are wholly in 

accordance with the requirements of Appendix K to 10 CFR 50.  

2) The ECCS cooling performance conforms to the peak clad 

temperature and maximum oxidation and hydrogen generation 

criteria of 10 CFR 50.46.  

3) ECCS cooling performance will be adequate despite any 

postulated failure of a single active component.  

4) Adequate systems are available to provide long term 

cooling to the reactor vessel.  

5) The Kewaunee design has sufficient margin to cover the rod 

bow power spike penalty without requiring modification 

to the proposed Technical Specification limits on total 

peaking factor.
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3.0 Discussion 

3.1 ECCS Analyses 

The applicants' submittal of a large break LOCA analysis 

was limited to a spectrum of three guillotine breaks, 

which were specific for the Kewaunee Nuclear Power Plant. To 

supplement the analysis of the three breaks, the applicant 

referenced WCAP 8356, "Westinghouse ECCS-Plant Sensitivity 

Studies," and WCAP-8472, "Westinghouse ECCS Evaluation Model

Supplementary Information," Which demonstrated that the 

guillotine breaks are the worst cases for this plant type.  

The analyses submitted identified the worst break size as the 

double-ended cold leg guillotine break with a Moody multiplyer 

of 0.4. The calculated peak clad temperature was 22000 F, which 

is at the acceptable limit as specified in 10 CFR 50.46 (b). In 

addition, the maximum local metal/water reaction of 8.09% 

and the total core wide metal/water reaction of less than 

0.3% were below the allowable limits of 17% and 1%, respectively.  

The analyses were performed based on an assumed total peaking 

factor of 2.15 at 102% of rated NSSS power level of 1650-MWt, with 

a peak linear power density of 13.5 Kw/ft.
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The small break analysis which was submitted in Amendment 35 

to the FSAR on September 4, 1974 included a three break 

spectrum and referenced WCAP-8356, a generic Westinghouse topical 

report which documented additional break analyses. The small 

break analysis, which identified the 4-inch pipe break as the 

limiting small break with a peak clad temperature of 1731 0 F, 

demonstrates that the small break LOCA is not limitinq.  

3.2 ECCS Containment Pressure Evaluation 

The.ECCS containment pressure calculations for Kewaunee were 

done using the Westinghouse ECCS evaluation model. The NRC 

staff has reviewed Westinghouse's model and found it acceptable 

for ECCS evaluation. The staff required, however, that 

justification of the plant-dependent input parameters used 

in the analysis be submitted for our review of each plant.  

This information was submitted for Kewaunee by letter dated 

December 2, 1974. Wisconsin Public Service Corporation has 

re-evaluated the containment net-free volume, the passive 

heat sinks, and oppration of the containment heat removal 

systems with regard to the conservatism for ECCS analysis.  

This evaluation was based on measurements within the containment 

and from as-built drawings to which a margin was added. The 

containment heat removal systems were assumed to operate at 

their maximum capacities and minimum operational values for 

the spray water and service water temperatures were assumed.
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We have concluded that the plant-dependent information used for 

the ECCS containment pressure analysis for the Kewaunee plant 

is reasonably conservative and therefore the calculated 

containment pressures are in accordance with Appendix K to 

10 CFR Part 50 of the Commission's regulations.  

3.3 Singif, Failure Criterion 

Appendix K to 10 CFR Part 50 of the Commission's regulations 

requires that the combination of ECCS subsystems to be assumed 

operative shall be those available after the most damaging 

single failure of ECCS equipment has occurred. The worst single 

failure which would minimize the ECC available to cool the 

core and provide maximum containment cooling was identified 

by Westinghouse as the loss of a low pressure ECCS pump; 

As stated in reference 3, the staff concluded that the 

application of the single failure criterion was to be 

confirmed during subsequent plant reviews. A review of the 

Kewaunee Nuclear Power Plant piping and instrumentation diagrams 

indicated that the inadvertent actuation of specific motor 

operated valves could effect the appropriate single failure 

assumption. The staff identified the following motor 

operated valves which did not satisfy the single failure criterion:
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COMPONENT FUNCTION 

Accumulator isolation valves 

Cold leg injection valves

FAILURE MODE 

Inadvertent closing of 

these valves would stop 

accumulator flow.  

Inadvertent closing of 

these valves would limit 

flow to cold legs.

Isolation valve for cold leg 

loops 

Isolation valve for the boric 

acid storage tank

Inadvertent cipsing Lf

this valve would stop 

flow to the cold legs.  

Inadvertent closing of 

this valve would stop 

flow from the Boric 

Acid tanks.

MOV# 

8800 A&B

8801 A&B

8806 A 

8809 C
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The staff has reviewed the consequences of the failures of the 

above valves and has evaluated the applicants' proposals for 

modification. The applicant has proposed that during power 

operation AC power will be disconnected for valves 8800 A&B, 

8801 A&B, 8806 A and 8809 C by racking out of the breaker at the 

motor control center with the valves locked in their open 

position. Necessity for this action is explained in the above 

table. The staff has concluded that the applicant's proposals 

are acceptable for complying with the single failure criterion.  

3.4 Long Term Boron Concentration Build-Up 

The licensee has submitted the procedures he proposes to 

implement during a post-LOCA long term cooling period in 

order to prevent excessive concentration of boric acid in the 

reactor vessel.  

According to these procedures boric acid is injected simultaneously 

into the cold leg by the HPSI system (SI pumps) and into the 

reactor vessel (upper plenum) by the LPSI system (RHR pumps).  

The suction for the safety injection (SI) pumps is provided by the 

residual heat removal (RHR) pumps.  

The NRC staff has reviewed the proposed procedures and 

concluded that the simultaneous injection to the cold legs and 

to the reactor vessel will assure low boric acid concentration.

-J
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3.5 Submerged Valves 

The applicant has submitted an analysis which shows that 

following a. LOCA the maximum water level in the containment will 

be at 7.88 ft. above the 592 ft. elevation of the floor. The 

applicant has identified eight motor operated valves and eight 

air-operated valves which will be submerged post-LOCA. Those 

valves whose motor operators are located below the flooded 

elevation are listed below: 

MOV# Description 

8702 A&B residual heat removal system suction valve from reactor 

coolant loop 1A and loop B.  

8701 A&B residual heat removal system suction valve which 

is in series with 8702 A&B.  

8800. A Accumulator isolation valve.  

8803 B low head safety injection isolation valve.  

BT-2A&2B Steam generator blowdown isolation valves for 

generator A.  

AOV# 

RC-534 drain valve from reactor coolant drain pump suction 

header.  

LD-301 the excess letdown control valve, 

LD-302 the excess letdown flow path selector valves.

the letdown orifice isolation Valves.LD-4A, 4B, 4C
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AOV# Description 

CVC-11 the charging line isolation valve 

PR-40 the pressurizer relief tank drain isolation 

valve.  

Motor operated valves 8702 A&B and 8701 A&B do not have 

a post-LOCA function and are only employed for normal shutdown 

heat removal. Motor-operated valve 8800A, the accumulator 

isolation valve, is required to be functional following a 

LOCA. This valve is normally open, and also receives a 

confirmatory S. I. signal to open in the event of a LOCA.  

As noted in Section 3.3, power has also been removed by 

racking out of the breaker at the motor control center 

(valve locked in open position). Since the accumulator 

blowdown is completed within the first few minutes after a 

LOCA, well before the motor operator could become submerged, 

the applicant submitted that subsequent flooding would have 

no adverse effects on the operation of the system. Valve 

8803 B, the low head safety injection isolation valve, 

is normally closed during operation, and upon receipt of a 

safety injection signal will open during the initial phase 

following safety injection actuation. Since valve 8803 B will 

have completed its opening cycle before the water level 

reaches the motor operator, and since a redundant valve, 8803A, 

located above the maximum flood level, is available, the staff 

concluded that subsequent flooding would have no adverse affect

on plant safety.
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BT-2A is a steam generator blowdown isolation valve which 

is normally open during normal operation, and upon receipt 

of a safety injection signal will close during the initial 

phase following safety injections actuation. Since valve BT-2A 

will have completed its closing cycle before the water level 

reaches the motor operator, and since there is a redundant 

valve in series outside containment, the staff concluded 

that subsequent flooding would have no adverse affect on 

plant safety. Air-operated valves RC-543, LD-301, LD-302, 

LD-4A, LD-4B, LD-4C, CVC-11, and PR-40 will be submerged post 

LOCA, but have no effect upon the ECCS performance.  

3.6 Power Distribution Control and Monitoring 

The Kewaunee LOCA analysis performed with the Westinghouse 

March, 1975 ECCS evaluation model resulted in an allowable 

peaking factor x power fraction (FQ-fP) upper envelop of 2.15.  

This limit is considerably lower than the F value of 2.32 

justified generically (Reference 4) for the constant axial 

offset control (CA0C) mode of operation. However, the staff 

has approved (Reference 5) the methodology and use of plant 

specific CA&C ainalyses to justify wider delta flux monitoring 

bands than the +5% or lower peaking factors than the 2.32 

which are supported by the Westinghouse generic analysis.
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In his letter of January 22, 1976 the licensee has provided the 

results of a plant specificCAOC analysis for his 40 assembly 

reload for cycle 2. The results for an approprilate spectrum 

of load following maneuvers are reported, including variation 

of depletion mode, power level of the maneuver, and degree 

of control of the flux difference during the maneuver. The 

results show that CA0C procedures and monitoring will maintain 

the F QVP lower than the required 2.15 (with appropriate axial 

shaping above the core centerline). In fact, there is in excess of 

10% margin between the maximum predicted F *P points at all 

axial elevations except 11.5 ft, where the margin is 3.5%. The 

staff is confident that the measures described are adequate 

to ensure that normal operation of the reactor will not produce 

power distributions more severe than those used as a basis for 

the LOCA analysis. The staff worked with the licensee on 

the Technical Specifications he submitted on December 30, 1975 

to produce with the licensee's agreement, the proposed 

Technical Specifications. These Specifications contain all 

provisions necessary to implement the power distribution 

requirements described above.
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3.7 Fuel Rod Bowing 

The licensee has addressed fuel rod bowing in letters dated 

February 10 and 20, 1976, in which he states his position 

that no additional peaking factor penalty'-needs rto.be imposed 

to account for power spikes from fuel rod bowing, as suggested 

by Westinghouse in their topical report on fuel rod bowing 

(Reference 6). The staff has this report under review. Until 

our review is completed, or if our finding is unfavorable, 

there is sufficient margin to accommodate the maximum power 

spike;penalties from fuel rod bowing in Kewaunee. As 

described under rower Distribution Control and Monitoring, Section 3.6, 

there is at least a 10% margin between predicted maximum 

FQe4 peaking factors and the limit set by the LOCA analysis, 

except at a core height of 11.5 feet. The 10% margin is larger 

than the maximum predicted fuel rod bowing penalty of 4.25% for 

the 14x14 fuel used in Kewaunee. At the 11.5 foot, axial 

elevation, the maximum bowing penalty is 1%, and the margin 

between the maximum predicted FQ KP and the peaking factor 

limit is 3.'5%. Potential power spikes from fuel rod bowing 

therefore can be accomodated without violation of the pewer 

distribution limits assumed for the LOCA anlaysis.
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