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1.0 INTEODUCTION

The Kewaunee Nuclear Power Plant will be shutdown in March 

1984 for the the Cycle 9-10 refueling. Startup of Cycle 10 

is forecast for May, 1984.  

This report presents an evaluation of the Cycle 10 reload 

and demonstrates that the core reload will not adversely 

affect the safety of the plant. Those accidents which could 

potentially be affected by the reload core design are 

reviewed.  

Details of the calculational model used to generate physics 

parameters for this Reload Safety Evaluation are described 

in Reference (1). Accident Evaluation methodologies applied 

in this report are detailed in Reference (2). These reports 

have been previously reviewed (3). The current physics 

model reliability factors are discussed in section 5 of this 

report.  

An evaluation, by accident, of the pertinent reactor parame

ters is performed by comparing the reload analysis results 

with the current bounding safety analysis values. The 

evaluations performed in this document employ the current 

Technical Specification (4) limiting safety system setpoints 

and operating limits. The burnup dependent power peaking 

limits described in section 2.2 are modified (14) as
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described in section 4.0 of this report.

It has been concluded that the Cycle 10 design is more 

conservative than results of previously docketed accident 

analyses. This conclusion is based on the assumptions thati 

1. Cycle 9 operation is terminated after 10,500 (+300, 

-500) MWD/NTU.  

2. There is adherence to plant operating limitations and 

Technical Specifications (4, 14).
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2.C COCFE LESIGV

2.1 Core Lescription 

The reactor core consists of 121 fuel assemblies cf 14 X 14 

design. The core loading pattern, assembly identification, 

RCCA bank identificaticn, instrument thimble I.E., thermo

couple I.E, and burnable poiscv rod configurations for 

Cycle 1C are presented in Fiqure 2.1.1.  

Thirty-six new Exxcn assemblies enriched to 3.2 w/o U235 

will reside with eiqhty-fcur partially depleted Exxon 

assemblies and one partially depleted Westinghcuse assembly.  

Table 2.1.1 displays the core breakdown by region, enrich

ment and previous cycle duty.  

The Cycle 10 reload core will enploy 36 burnable poison rod 

assemblies (EPBA'S) containing E4 fresh and 352 partially 

depleted pyrex roiscn rods, and 16 wet annular turnable 

poison rcds.
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Cable 2. 1. 1 
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Figure 2.1.1
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2.2 Design Chiectives and Cperating Limits 

Eower Eating 1650 MWIB 

System Eressure 2250 PSIA 

Core Average Moderator Temperature (HZE) 547 degrees F 

Core Average Moderator Temperature (HFF) 561 degrees F 

Cycle 10 core desiqn is based cn the follcwing design 

chiectives and operating limits.  

A. Nuclear peaking factor limits are as follows: 

(i) 1C(Z) limits fcr all kestinghouse Electric Corp. fuel 

ICIZ) 5 (2.22/P) * K(Z) for P > 0.5 
EQ(2) 5 (4.44) * K(2) for P 5 0.5 

(ii) FC(Z) limits for Exxon Nuclear Company fuel - ef. (14) 

EQ(2) 5 (FQ'I(EI)/E) * K(Z) for F > 0.5 
FQLZ) 5 4.42 * F((2) for P 5 0.5 

(iii) Ea limits for all fuel 

FAHN 5 1.5511 + 0.2(1-F)) for exposure 5 24000 MWD/MIU 
IEBN 5 1.52(1 + 0.211-P)) for exposure > 24000 vWD/N TIU 

khere P is the fraction of full power at which the core 

is operating: 

K(2) is the function given in figure 2.2.1 
fCT(Ei) is the functicn given in Figure 2.2.2 - Fef. (14) 
Ej is the fuel rod exposure for which PC is measured 
2 is the core teiqbt lccation FC 

B. The moderator temperature coefficient at cerating 

conditions shall be negative.  

C. With the most reactive rod stuck out of the core, the 

remaining control rods shall te able tc shut dcwn the

-6-



reactor ty a sufficient reactivity margin: 

1.C % at BCC 

2.C % at EOC 

E. The fuel loadinq pattern stall be capable cf generating 

approximately 1C,OCC MWDI/MIU.  

E. The pcaer dependent rcd insertion limits (PDII) are 

presented in Figure 2.2.3. These limits are those 

currently specified in Feference 4.  

F. The indicated axial flux difference shall be maintained 

within a ± 5% band about the target axial flux differ

ence atove 90% power. Figure 2.2.4 slows the axial flux 

difference limits as a function of ccre power. These 

limits ate currently specified in Beference 4.  

G. A refuelinq boron ccncentration of 2100 ppm will be 

sufficient to maintain the reactor sutcritical by 10% 

Ak/k in the cold condition with all rods inserted and 

will maintain the ccre subcritical with all rods out of 

the core.  

H. Fuel duty durinq this fuel cycle will assure reak fuel 

rod butnups less than those maximum burnups recommended 

ty the respective fuel vendors.
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FIGURE 2.2.2
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Figure 2.2.3

Hi ' : _ _: w_ wo _ _ _ 

HI -'L _ _ _ w :t -:. ......... :I w ... .._ .. .. .. .. .  

________ ~ ~ ~ ~ .. ...... : ..... :: ... LuI.....i.I 

.................. ... ...... ..  

-- p ... . . .. .. .. ... . .. .  

... ............... ..... !.... ............ ....  

fF: w- 77_-7.

G___ .. ... ... : 7:-7 
...........................  

.4....-....... . ... ........ ... ... ... ...  .... ..... :. .c ~ ~ ;O .... .....+~IU ... .  

7---_ -_--_7-'-..........I....i... : __ f:_ __ _ 
......... . ....  

... .... .. J, -9n 
"I'~~~. ...... ...:4t ~ _ _ _ 0 

........ .... ... ... ..  

40I

-10-

IC)

z "o 
oUU 

I-

vAJ

7m



Figure 2.2.4PERCENT OF RATED 
THERMAL POWER

100 

'90

3.10. b.I I.a.LINE

60

50

40

30

-30 -20 -10 0 10 20 30

INDICATED AXIAL FLUX DIFFERENCE

Target Band on Indicated Flux Difference 
As a Function of Operating Power Level (Typical)

-11-

TARGET 
BAND



2.3 Scram Worth Insertion Rate

The most limiting scram curve is that curve which represents 

the slowest trip reactivity insertion rate normalized to the 

minimum shutdown margin. The Cycle 10 minimum shutdown 

margin is 2.06% at end of cycle hot full power conditions.  

It is concluded that the minimum trip reactivity insertion 

rate for Cycle 10 is conservative with respect to the 

bounding value.  

Thus, for accidents in which credit is taken for a reactor 

trip, the proposed reload core will not adversely affect tbe 

results of the safety analysis due to trip reactivity 

assumptions.
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2.4 Shutdown Window

An evaluation of the full power equilibrium peakinq factor 

variation at BOC 10 versus CC 9 burnup is presented in 

Table 2.4.1. The values have the conservatisms applied in 

accordance with references 1 and 9.  

The EOC 9 shutdown burnup will not siqnificantly affect the 

Cycle 10 peaking factors if refueling shutdown of Cycle 9 

occurs within the burnup window.

-13-



Table 2.4.1 

Feaking Factor at Actual Eeqinning of Cycle Burnur

gdle i0

BOC 10 1+3C0 ECC9) 

BOC 10 INominal EOC9) 

BCC 10 (-500 ICC 9)

1.534 

1.529 

1.519

Limit

1.55 

1.55 

1.55

2.145 

2. 138 

2.125
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3.0 ACCIEENT EVALUATICNS

Tatle 3.0.1 presents the latest safety analyses performed 

for the accidents abich are evaluated in Sections 3.1 

through 3.16 of this report. The bounding values derived 

frog these analyses are shown in Table 3.C..2 and will be 

applied in the Cycle 10 accident evaluations.
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Tatle 3.0.1 

Kevaunee Nuclear Power Plant 

List cf Safety Analyses

Accidert 

Uncontrclled RCCA Vithdrawal From a 

Sutcritical Condition 

Unccntrclled RCCA Uithdrawal at Fover 

Control Rod Drop 

ECC Assembly M.isaliqnmEnt 

CVCS Malfunction 

Startup of an Inactive FC loop 

Excessive beat Removal Cue to FU 

System Malfunctions 

Excessive Lcad Increase Incident 

Loss of Feactor Coolant Flow 

Locked Fotor Accident 

Loss of External Electrical Load 

LcsE of Nctual Feeduater 

Fuel Handlinq Accidents 

Rupture of a Steam Pipe 

Rupture of CF Drive Mechanism Bcusing 

RC System Fipe Bupture (ICCA) 
Westinqbouse 

2irc - hater Addendum 
Clad Hoop Stress Addendum 

BC SystEn Lipe Bupture (LOCA) Exxon

current Analysis 

2/78 (Cycle 4-BSE) 

2/78 (Cycle 4-BSE) 

1/27/71 (AM7-FSAB) 

1/27/71 (AP7-FSAE) 

1/27/71 (AM7-FSAE) 

1/27/71 4AM7-TSAR) 

1/27/71 (AM7-PSAE) 

1/27/71 (AM7-ESAE) 

3/73 jwCPE-8903) 

2/78 (Cycle 4-RSE) 

1/27/71 (AM7-FSAR) 

8/31/73 (AM33-FSAF) 

1/27/71 (AM7-FSAF) 

4/13/73 (AM28-FSAF) 

2/78 (Cycle 4-BSE) 

12/10/76 (AS40-ESAE) 

12/14/,79 
1/8/80 

1/79 (XN-NF-79-1)

Bef. No0.  

7 

7 

6 

6 

6 

6 

6 

6 

8 

7 

6 

6 

6 

6 

7 

6 

12 
13 

11
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Table 3.0.2 

Safety Analyses Bounding

Lower 
Par a ire ter Bound 

Moderatcr lemperature Coefficient -40.0 

Doppler Coefficient -2.32 

Differential Eoron Worth -11.2 

Delayed Neutron Fraction .0050 

Prompt Neutron Lifetime 20 

Shutdown Marqin 1.0 

Differential Bod Worth of 
2 Banks Mcaicq N/A 

Ejected Roc Cases 

HFE, ECI 
fEff .0055 
Fod Worth N/A 
PC N/A 

BFF, ECL 
feff .0050 
Fod Worth N/A 
EC N/A 

HZE, BCI 
feff .0055 
Fod Worth N/A 
FC N/A

BZEECL 
Bef f 
Fod Worth 
PC

.0050 
N/A 
N/A

-17-

Values

Upper 
Bound 

0.0 

-1.0 

N/A 

.0071 

N/ A 

2.0 

E2

Units 

pcatOF 

pcM/OF 

pcm/ppm 

rcm, sec

N/A 
.30 

5.03 

N/A 
.42 
5.1 

N/A 
.92 
13.0 

N/A 
.92 
13.0



3.1 Evaluation of Uncctrolled Eod withdrawal from Subcritical 

An uncntroclled addition of reactivity due to uncontrolled 

withdrawal of a Rod Cluster Control Assemtly (ECCA) results in a 

power excursicn.  

The most inportant parameters are the reactivity insertion rate 

and the doppler coefficient. A maximum reactivity inserticn rate 

produces a mcre severe transient while a minimus absolute value) 

doppler coefficient maximizes the nuclear power peak. Of lesser 

concern are the moderator coefficient and delayed neutron frac

tion which are chosen tc maximize the peak heat flux.  

Table 3. 1. 1 presents a compariscn of Cycle 10 physics parameters 

to the current safety analysis values for the Uncontrolled Bod 

withdrawal from a Subcritical Condition.  

Since the pertinent parameters from the proposed Cycle 10 reload 

core are conservatively tounded by those used in the current 

safety analysis, an uncontrolled rod withdrawal from subcritical 

accident will be less severe than the transient in the current 

analysis. The implementation of the Cycle 10 reload core design, 

therefore, will not adversely affect the safe operation of the 

Kewaunee Plant.

-18-



lable 3. 1. 1

Uncontrolled Sod Withdrawal From Subcritical

Parameter
Feload Safety 

Evaluation Values
Current 

Safety Analysis

A) Moderator Temp.  
Coefficient 

B) Doppler Temp.  
Coefficient 

C) Lifferential Worth 
cf Iwo tcvinq Banks 

D) Scram Worth vs.  
lime 

E) Lelayed Neutron 
Fraction

2. 1

-1.8

27.7

See Section 2.3

.00633

-19-

Units

5

10.0

-1.0

E2.0

Pow/OFM 

p~s/OFf 

PC!O/sec

.0071



3.2 Evaluation of Unccotrolled Rod Withdrawal at Power 

An uncentrclled contrc rod bank withdrawal at power results in a 

gradual iicrease in core power followed by an increase in core heat 

flux. The resulting mismatch between core power and steam generator 

heat load results in an increase in reactcr ccclant temperature and 

pressure.  

The minious absolute value ct the doppler and acderator coefficients 

serves tc saximize peak neutron power, while the delayed neutron 

fraction is chosen to maximize peak beat flux.  

Table 3.2.1 presents a comparison of the Cycle 10 physics parameters 

to the current safety analysis values for the Uncontrolled nod 

withdrawal at Power Accident.  

The application of the reliability factor to the scderator coeffi

cient calculated at HZP, no xencn core conditices results in a 

sliqhtly pcsitive value. It is anticipated that ECC Startup Physics 

Test measurements will demonstrate that the moderator coefficient 

will be negative at operatinq ccnditions.  

Since the pertinent parameters from the proposed Cycle 10 reload 

core are conservatively bounded by those used in the current safety 

analysis, an uncontrolled rod withdrawal at power accident will tE 

less severe than the transient in the current analysis. The imple

mentation cf the Cycle 10 reload core design, therefore, will not 

adversely affect the safe operation of the Kewaunee Plant.

-20-



Tatle 3.2.1 

Uncontrolled Bcd Withdrawal at Fouer

Pa rawjer
Feload Safety 

Eva1ajtion Values
Current 

SafetyAnalysis

A) Mcderator Temp.  
Coefficient 

B) DcpplEr Temp.  
Coefficient 

C) Diiferential Pod 
Wcrtb Cf Two 
Movinq Eanks 

D) FABN 

E) Scram Worth vs.  
Time 

F) UElayed Neutrcn 
Fracticn

2. 1*

-1.30

27.7 

1. E3

See Section 2.3

. 00633

Moderator Temperature Coefficient will te verified negative 
at Startup lestinq.

-21-

Units

0.0

-1.0

e2.0

F3/0 Fm 

rcE/sec::5

1.55

0.0071



3.3 Evaluation of Control Fod risalignment

The static misalignment of an ECCA from its tank position does not 

cause a system transient, however; it does cause an adverse power 

distribution which is analyzed to show that core EtEE limits are not 

exceeded.  

The limitinq core parameter is the peak FAB in the worst case 

misalignment of Bank E fully inserted with one cf its FCCAs fully 

withdrawn at full power.  

Table 3.3.1 presents a ccmparison of the Cycle 10 FAHN versus the 

current safety analysis FAHN limit for the misaligned Bod Accident.  

Since the pertinent parameter from the proposed Cycle 10 reload core 

is conservatively tounded by that used in the current safety analy

sis, a control rod misalignment accident will te less severe than 

the transient in the current analysis. The implementation of the 

Cycle 10 reload core desiqn, therefore, will not adversely affect 

the safe cperation of the Kewaunee Plant.

-22-



Tatle 3.3.1

Ccntrol Bad Misalignment Accident

Feload Safety 
Evaluation Va.lue

1.*90

Current 
Saf et~y Analysis

1.92

- 23-

,R~gXaste r

A) FtHN



I

3.4 Evaluation of Lropped Bod

The release cf a full length ccntrol rod, or ccntrcl rod bank by the 

qri-Pper coils while the reactor is at power, causes 
the reactor to 

become subcritical and produces a mismatch between core power and 

turbine demand. The dropping of any control rod tank will produce a 

neqative neutron flux rate trip with no resulting 
decrease in 

thernal marqins. Dropping of a single 5CCA may or may not result in 

a neqative rate trip, and therefcre the radial Fouet distribution 

must be considered.  

A comparison of the Cycle 10 FABE to the current safety analysis 

F8HN limit for the Eropped Bod Accident is presented in Tatle 3.4.1.  

Since the pertinent parameter from the proposed Cycle 10 reload core 

is conservatively tounded ty that used in the current safety analy

sis, a dropped rod accident will be less severe than the transient 

in the current analysis. The implementation of the Cycle 10 reload 

core desiq, therefore, till not adversely affect the safe operation 

of the Kewaunee Plant.

-24-



'latle 3.4.1

rropped Rod Accident

Parameter

A) F8hN

Eeload Safety 
Evaluation Value

1.71

Current 
Safejv Analyis

1.92
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3.5 Evaluation of Uncontrolled Boron Dilution

IhE malfuncticn of the Chemical and Volume Ccntrcl System (CVCS) is 

assumed to deliver unborated water to the reactor coolant system.  

Althouqh the baron diluticn rate and shutdown margin are the key 

parameters in this event, additional parameters are evaluated for the 

manual reactcr control case. In this case core thermal liuits are 

approached and the transient is terminated by a reactor trip on 

over-temperature AT.  

lable 3.5.1 presents a comparison of Cycle 10 physics analysis results 

to the current safety analysis values for the Unccatrolled Ecron 

Dilution Accident for refuelinq and full ycwer core conditions.  

The application of the reliability factor to the moderator coefficient 

calculated at HZP, no xenon core conditions results in a slightly 

positive value. It is anticipated that BCC Startup Physics Test 

measurenents will demonstrate that the moderatcr coefficient will be 

negative at operatinq conditions.  

Since the pertinent parameters from the proposed Cycle 10 reload core 

are conservatively bounded ty those used in the current safety analy

sis, an uncontrolled borcn dilution accident will be less severe than 

the transient in the current analysis. The implementation of the 

Cycle 10 reload core design, therefore, will nct adversely affect the 

safe operaticn of the Reaunee 11ant.
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Table 3.5.1 

Unccntrolled Borc Dilution Accident

Parameter
Beload Safety 

Evalmation Values
Current 

Safety Analysis Units

i) Befueling Conditions 

A) Sbutdown Hargin 12.0 
(ARI) 

ii) At-Power Conditions 

A) Moderator Teap. 2.1* 
Coefficient 

E) Eoppler Temp. -1.3 
Coefficient 

C) Feactivity Insertion 1.39 
Bate ty Boron 

1) Shutdown Marqin 2.06 

E) FABN 1.53

10.0

5 0. C

-1.0 

1.60 

1.0 

1.55

NAp 

PCafoFM 

pca/oFf 

rcm/sec 

%Ap

* Moderator Temperature Coefficient will be verified negative at 
startup testinq.
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3.6 Evaluation of Startup of an Inactive Loop

The startup of an idle reactor coolant pump in an operating 

plant would result in the injection of cold water (from the 

idle icop hot leq) into the core which causes a rapid 

reactivity insertion and subsequent core Fcwer increase.  

The moderator temperature coefficient is chosen to maximize 

the reactivity effect of the cold water injection. toppler 

temperature coefficient is chosen conservatively low (abso

lute value) to maximize the nuclear power rise. The power 

distributicn (FAH) is used to evaluate the core thermal 

limit acceptability.  

Table 3.6.1 presents a comparison of Cycle 10 physics 

calculation results to the current safety analysis values 

for the Startup of an Inactive loop Accident.  

Since the pertinent parameters from the proposed Cycle 10 

reload core are ccnservatively tounded by those used in thc 

current safety analysis, the startup of an inactive loop 

accident will be less severe than the transient in the 

current analysis. The inplementation of the Cycle 10 reload 

core design, therefore, will nct adversely affect the safe 

operation of the Kevaunee Plant.
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Table 3.6. 1 

Startup of an Inactive Loop Accident

Parameter 

A) Moderatcr lemp.  
Coefficient 

B) Doppler 
Coefficient 

C) PhHN

Feload Safety 
Evaluation Values 

-36.8

-1.7 

1.53

Current 
Safet IAImalYsis 

-40.0 

-1.0

1.55

-29-
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3.7 Evaluaticn of Feeduater System Malfunction 

The malfunction of the feedwater system such 
that the 

feedwater temperature is decreased or the flow is increased 

causes a decrease in the ECS temperature and an attendant 

increase in core power level due to negative reactivity 

coefficients and/or contrcl system action.  

Minimum and maximum moderator ccefficients are 
evaluated tc 

simulate both BCL and ECI conditions. The doppler reactivi

ty coefficient is chosen at a minimum (absolute) value to 

maximize the nuclear power peak.  

A ccmpariscn of Cycle 1C physics calculaticn results to the 

current safety analysis values for the Feedwater System 

Malfunction Accident is presented in Table 3.7.1.  

Since the pertinent parameters from the proposed Cycle 10 

reload core are conservatively tcunded by those used in the 

current safety analysis, a feedwater system malfunction 
will 

be less severe than the transient in the current analysis.  

The implementation of the Cycle 10 reload core design, 

therefore, %ill not adversely affect the safe operation of 

the Kewaunee Plant.
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Table 3.7.1 

Feedwater System Ealfunction hccident

Par a ne ter
Beload Safety 

Evaluation Values
Current 

Safety Analy s Units

A) foderatcr Iemp.  
Coefficient 

B) Doppler Temp.  
Coefficient

C) FAHN

D) Moderatcr Temp.  
Coefficient 

(maximum)

-2.2 

-1.3

0.0

-1.0

1.53

-32.4

PCs, 0 Ff

1.55

:? -40.0 pca/OFM

-3 1-



3.8 Evaluation of Excessive Lcad Increase

An excessive Icad increase causes a rapid increase in steam 

qeneratcr steam flow. The resulting mismatch tetween core 

heat generation and secondary side load demand results in a 

decrease in reactor coolant temperature which causes a core 

power increase due to neqative mcderator feedback and/or 

control system action.  

This event results in a similar transient as that described 

for the feedwater system malfunction and is therefore 

sensitive to the same parameters.  

Table 3.E.1 presents a comparison of Cycle 10 physics 

results to the current safety analysis values fcr the 

Excessive Load Increase Accident.  

Since the pertinent parameters from the proposed Cycle 10 

reload core are conservatively bounded by those used in the 

current safety analysis, an excessive load increase accident 

will be less severe than the transient in the current 

analysis. The implementation cf the Cycle 10 relcad core 

design, therefore, will not adversely affect tie safe 

operaticn of the Kesaunee Plant.
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Table 3.8.1

Excessive Lcad Increase Accident

Parane ter
Feload Safety 

Evaluation Values
Current 

Safe tYAnaly is Units

A) Moderatcx lemp.  
Coefficient 
fLirimum) 

B) Voderator Temp.  
Coefficient 
(maximum) 

C) Doppler Temp.  
Coefficient

L) FAHN

-2.2

-32. 4 

-1.3

0.0

) -40.0 

5-1.0

1. 3
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3.9 Evaluation of loss of load

A loss of load is encountered through a turbine trip or complete 

loss of external electric load. Io provide a ccnservative assess

ment of this event, no credit is taken for direct turbine/reactor 

trip, steam bypass, or pressurizer pressure control, and tie result 

is a rapid rise in steam generator shell side pressure and reactor 

coolant system temperature.  

A minimum soderator temperature coefficient maximizes the power 

transient and heatup prior to reactor trip while the large (nega

tive) dcppler coefficient retards the power coast down following 

reactor trip. The power distribution (FAIB) and scram reactivity are 

evaluated to ensure thermal marqins are maintained by the reactor 

protection system.  

A compariscn of Cycle 1C physics parameters to the current safety 

analysis values for the loss of load Accident is presented in Table 

3.9.1.  

Since the pertinent parameters from the proposed Cycle 10 reload 

core are ccnservatively bounded by those used in the current safety 

analysis, a Icss of load accident will be less severe than the 

transient in the current analysis. The implemertation of the Cycle 

10 reload core design, therefore, will not adversely affect the safe 

operation cf the Keuaunee Plant.
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Paraneter

Tatle 3.9.1 

LcsE of Load Accident 

Feload Safety 
Evaluation Values

Current 
Safety-Analysis Units

A). Moderatcr lemp.  
Coefficient 

B) Doppler Temp.  
Coefficient 

C) PAHN 

D) Scram Wcrth 
Versus lime

-1.8

1 .E3

See Section 2.3
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3.10 Evaluation of Loss of Ncrmal Feedwater

A ccmplete loss of normal feeduater is assumed to cccur due to 

pump failures or valve malfunctions. An additional conservatism 

is applied by assuming the reactor coolant puzFs are tripped, 

further degradinq the heat transfer capability cf the steaE 

qenerators.. When analyzed in this manner, the accident corres

ponds to a loss of offsite power.  

The short term effects of the transient are covered by the loss 

of Flow Evaluation (sec. 3.11) , while the long term effects, 

driven by decay heat, and assuming auxiliary feeduater additions 

and natural circulatica ECS flow, have teen shown not to produce 

any adverse core ccnditices.  

The Loss of Feedwater Irarsient is not sensitive to core physics 

parameters and therefore no comparisons will be made for the 

Relcad safety Evaluation.
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3.11 Evaluation of Loss cf Beactor Coolant Flow Due to Pump Trip 

The simultaneous loss of power to both reactor ccclant pumps 

results in a loss of drivinq head and a flow coast down. The 

effect of reduced coolant flcw is a rapid increase in core 

coolant temperature. The reactcr is tripped by cne of several 

diverse and redundant siqnals before thermal hydraulic conditions 

approach those which could result in fuel damage.  

The doppler temperature coefficient is compared tc the most 

neqative value since this results in the slowest neutron flux 

decay after trip. The moderator temperature coefficient is least 

neqative tc cause a larger power rise prior to the trip. Trip 

reactivity and FAB are evaluated to ensure core thermal margin.  

Table 3.11.1 presents a comparison of Cycle 10 calculational 

physics parameters to the current safety analysis values fcr the 

Loss of Reactor Coclant Flow Due to Pump Trip Accident.  

Since tLe pertinent parameters from the proposed Cycle 10 reload 

core are conservatively tcunded by those used in the current 

safety analysis, a loss of reactor coolant flow due to pump trip 

accident will be less severe than the transient in the current 

analysis. The implementaticn of the Cycle 10 relcad core design, 

therefore, will not adversely affect the safe creration of the 

Kewaunee Plant.
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Table 3.11.1 

Loss of Reactor Coolant Flow Due to Pump Trip

Reload Safety 
EvaluationValues

Cur rent 
Safety Analysis Units

A) Hoderator Temp.  
Coef ficient 

B) Doppler Temp.  
Coefficient

C) FAHN

D) Scram Worth 
Versus Time

- 2. 2 

-1. 8

1.53

pcm/O Fm 

Pcm/OFf

See Section 2.3
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3 .12 Evaluation of Loss of Reactor Coolant Flow Due to 

Lccked Ector 

This accident is an instantaneous seizure of the rotor of a 

sinqle reactor coolant pump resulting in a rapid flow 

reducticn in the affected loop. The sudden decrease in flcw 

results in DNB in some fuel rods.  

The minimum labsolute value) moderator temperature coeffi

cient results in the least reduction of core pcwer during 

the initial transient'. The large negative doppler tempera

ture coefficient causes a slower neutron flux decay follow

inq the trip as does the large delayed neutrcn fraction.  

Table 3.12.1 presents a ccmrarison of Cycle 10 physics 

parameters tc the current safety analysis values for the 

Locked Fotor Accident.  

Since the pertinent parameters from the propcsed Cycle 10 

relcad core are conservatively bounded by those used in the 

current safety analysis, a locked rotor accident will be 

less severe than the transient in the current aralysis. Tte 

implementation of the Cycle 10 reload core design, there

fore, will nct adversely affect the safe operation of the 

Kewaunee Flant.
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Table 3.12.1

Loss of Beactor Coolant Flow Due to Locked Rotor

aRanmetEt
Feload Safety 

Evaluation Values
Current 

Safety Analysis Units

A) Moderatcr Temp.  
Coefficient 

B) Doppler Temp.  
Coefficient 

C) Eelayed Neutron 
Fracticr 

D) Percent Pins > 
Limitinq FAHN 
(LNEF=1.3)

E) Scram Wcrth 
Versus line See Section 2.3
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-1.8

0.0

-2.32

0.00633
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3.13 Evaludtion of Main Steam line Eupture 

The rupture of a main steam line inside containment at the 

exit of the steam qenerator causes an unccotrclled steam 

release and a reduction in primary system temperature and 

pressure. The negative moderator coefficient produces a 

positive reactivity insertion and a potential return to 

criticality after thetrip.  

Shutdown marqin and reactivity insertion from the ccoldoun 

are evaluated against thcse used in the accident analysis.  

The minimus Cycle 10 shutdown marqin is compared to that 

assumed in the safety analysis in Table 3. 13. 1. Figure 

3.13.1 compares the Cycle 10 keff versus soderator tempera

ture at ICCO psia to the current safety analysis limiting 

cooldown reactivity curve.  

Since the pertinent parameters from the proposed Cycle 10 

reload core are conservatively tounded by those used in the 

current safety analysis, a main steam line rupture accident 

will be less severe than the transient in the current 

analysis. The implementation of the Cycle 10 reload core 

desiqn, therefore, will not adversely affect the safe 

operation of the Kewaunee Plant.
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Table 3.13.1 

Main Steam Line Rupture Accident

Parameter 

A) Shutdcwr Marqin

Beload Safety 
Evaluation Value

2.06

Current 
SafetvAnalvsis Unit 

2.0 TAp
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3.14 Evaluation of Bod Election Accidents

The elected rod accident is defined as a failure cf a 

ccntrol rod drive pressure housinq followed by the ejection 

of a BCCA ty the reactor coolant system pressure.  

Tables 3.14.1 tbru 3.14.4 present the compariscn of Cycle 10 

calculated physics parameters to the current safety analysis 

values for the Bod Ejection Accident at zero and full power, 

EC1 and ECI core conditions.  

The application of the reliability factor to the scderator 

coefficient calculated at H2E, ECI, no xenon core conditions 

results in a sliqhtly pcsitive value. It is anticipated 

that BCC Startup Physics Test measurements will demonstrate 

that the acderator coefficient will be negative at operating 

conditions.  

Since the pertinent parameters from the proposed Cycle 10 

reload core are conservatively bounded by those used in the 

current safety analysis, a rod election accident will be 

less severe than the transient in the current analysis. The 

implementation of the Cycle 10 reload core design, there

fore, will not adversely affect tte safe operation of the 

Kewaunee Plant.
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Tatle 3.14.1 

Pod Ejection Accidents 

HFP, EOL

Pardieter 

A) Moderatcr leap.  
Coefficient 

B) Delayed Neutron 
Iraction 

C) Elected Bcd 
horth 

D) roppler Temp.  
Coefficient 

E) Prompt heutrcn 
lifetime 

F) FCN 

G) Scras Wcrth 
versus line

Feload Safety 
Ewaluation Values

-2.2 

0. C063

0.09

- 1. 3

29.3 

2.39

Current 
Safety Analysis Units

0. C

2 0.0055

0.30 

- 1.  

20.0 

5.03

See Section 2.3
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Table 3.14.2

Eod Election Accidents 

HZE, 201

parande tcr

A) Moderator emp.  
Coefficient 

B) Delayed Neutron 
Fraction 

C) Elected Bcd 
Wcrth 

D) Loppler lemp.  
Coefficient 

E) Prompt heutron 
lifetime 

F) FCN

G) Scran Wcrth 
Versus lime

Beload Safety 
Evaluation Values

2. 1* 

0.0063

0.53

-1.3 

29.3

5.55

2

Current 
SafetY AnalYsis

0. C

0.0055

0.91

-1.0

20.0 

11.2

See Section 2.3

M Moderatcr lemperature Coefficient will be verified negative at 
Startup Testinq.
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Parameter 

Moderatcr Temp.  
Coefficient 

Delayed Neutron 
Fraction 

Elected Rod 
%crth 

Coppler Temp.  
Coefficient 

Prompt heutron 
lifetimE 

FCN 

Scrar Wcrth 
Versus line

Table 3.14.3 

Bod Ejecticn Accidents 

HFE, E01 

Reload Safety 
Evaluation Values

- 13.i 

0.0053 

0.12 

-1. 4E 

32.1 

2.81 

See Section 2.3

) 

)

Current 
Safety_Analysis Units 

0.C pcm/OFm 

0.0050 

0.42 WAp 

-1.0 pcm/OFf 

20.0 psec 

5.1
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.para ir et4E r 

!ModEratcE lemp.  
Coefficient 

Lelayed Neutron 
Fr action 

Elected Fcd 
Ti0r t h 

Loppler lemp.  
Coefficiervt 

P'rompt heutrcn 
lif EtiMiE 

FCN 

Scrar Wcith 
Versus line

IabIle 3.14.4 

Bod Ejecticfl Accidents 

HZE, ECI 

Reload Safety 
jyalua~tioDValu!jes 

0.0053 

0.63 

32.1 

7.24 

See Section 2.3

Cur rent 
Safety _Anasis Units 

0 .C pID,0FOM 

0-.0050 

0.92 1A 

- 1 .Cpcm/lOFf 

20.0 psec 

13.0
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3.15 Evaluation of Fuel Handling Accident 

This accident is the sudden release of the gaseous fission 

products held within the fuel cladding of one fuel assembly.  

The fracticn of fission gas released is based on a ccnserva

tive assumption of high power in the fuel rods during their 

last six weeks of operation.  

The maximum FC expected during this period is evaluated 

within the restrictions of the power distribution control 

procedures.  

Table 3.15.1 presents a ccmpariscn of the Cycle 10 FCN, 

calculated at end of Cycle 10 less 2.0 GWD/MTU, to the 

current safety analysis FCV limit for the Fuel Eandling 

Accident.  

Since the pertinent parameter from the prcposed Cycle 10 

reload core is conservatively bounded by that used in the 

current safety analysis, a fuel handling accident will be 

less severe than the accident in the current analysis. The 

implementation of the Cycle 10 reload core design, there

fore, will not adversely affect the safe operation of the 

Kewaunee Plant.
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Tatle 3.1E.1

Fuel Handling Accident

Paraeter

A) FQN

Feload Safety 
Evaluation Values

1.S6

Current 
SafetyAnalysis

2.53
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3.16 Evaluation of Loss cf Ccolant Accident 

The Loss c Ccclant Accident is defined as the rupture of 

the reactor coolant systez piping or any line connected to 

the system, up to and including a double-ended guillotine 

rupture of the larqest pipe.  

The principal parameters which affect the results cf LOCA 

analysis are the fuel stcred energy, fuel rod internal 

pressures, and decay beat. These parameters are affected by 

the relcad desiqn dependent parameters shown in Table 

3. 16. 1.  

The initial conditions for the LOCA analyses are assured 

through limits on fuel design, fuel rod burnup, and power 

distribution control strategies.  

Table 3.16.1 presents the comparison of Cycle 10 physics 

calculation results to the current safety analysis values 

for the Loss of Coolant Accident.  

Since the pertinent parameters from the proposed Cycle 10 

reload core are conservatively bounded by those used in the 

current safety analysis, a lcss of coolant accident will be 

less severe than the transient in the current analysis. The 

implementation of the Cycle 10 reload ccre design, there

fore, will not adversely affect the safe operation of the 

Kewaunee Plant.
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lable 3. 16. 1 

loss cf Ccolant Accident

Paranueter

A) Scras Wcrth 
Versus lime

B) FQ

Feload Safety 
Evaluation Values 

See Section 2.3 

See Section 3.17

Curtent 
Safety Anal ysi



3.17 Power Distribution Control Verification

The total peaking factor FQT relates the maximum lccal power 

density tc the core average power density. The FC9 is 

determined by both the radial and axial power distributions.  

The radial power distritution is relatively fixed by the 

core loading pattern design. The axial power distribution 

is controlled by the procedures defined in Section 2.2 of 

this report 19).  

Following these procedures, FQT(Z) are determined by calcu

laticns performed at full power, equilibrium core condi

tions, at exposures ranging from ECC to ECC. Ccnservative 

factors which account for potential power distribution 

variaticns allowed by the power distribution control proce

dures, manufacturing tolerances, and measurement uncertain

ties are applied to the calculated FQI(2).  

Fiqure 3.17.1 compares the calculated FQT(Z), including 

uncertainty factors, to the FCI(Z) limits. These results 

demcnstrate that the power distributions expected during 

Cycle 10 operation will act preclude full power operation 

under the rower distribution control specifications current

ly applied (10).
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4.0 TECHNICAL SPECIFICATIONS

Figure 3. 10-6 of the Kewaunee Nuclear Power Plant Technical 

Specifications specifies the total peaking factor for fuel 

manufactured by Exxon Nuclear Corporation as a function of 

fuel rod exposure to 37.0 GWD/ML. Some fuel rods manufac

tured by Exxon Nuclear Company will exceed 37.0 GWD/MT 

during Cycle 10.  

Proposed Amendment 56 to the Kewaunee Nuclear Power Plant 

Technical Specifications, submitted to the NRC on December 

14, 1983 provided the justification for extending the 

exposure function to 43.0 GWD/1L. This change has been 

previously reviewed and accepted for other facilities by the 

NRC. Approval is expected prior to the time that exposures 

on Exxon fuel exceed 37.0 GWD/MT.  

No other revisions or additions to the Kewaunee Nuclear 

Power Plant Technical Specifications are required due to the 

implementation of the Cycle 10 reload design.
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5.0 STATISIICS UPDATE

In an effort to provide ccntinuinq assurance of the model 

applicability, Cycle e measurements and calculations were 

addEd tc the statistics data base prior to model applica

tions to the Cycle 10 Reload Analysis. The reliability and 

bias factors applicable to Cycle 10 analyses are presented 

in Tables 5.0.1 and 5.0.2.
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Table E.C.1 

Beliability Factors

ParamEter 

FQN 

Rcd Ucrth 

Moderator 
Temperature 
Coefficient 

roppler 
Ccefficient 

Eoron Worth 

Delayed Neutron 
ParasEters

Beliability factor 

See Table 5.0.2 

17.0% 

7.43 ECE/oF

1o00 

5- 0% 

3.0O1

Bias 

C 

C 

-2.13 FCM/of 

0 

0

0
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Table 5.0.2 

FQN Feliability Factcrs 

C9e_ LeveI Node RF (1) 

1 (Ectto) 0.091 15.57 

2 0.044 7.82 

3 C.034 6.33 

4 0.028 5.48 

5 C.034 6.37 

6 C.038 6.96 

7 0.038 7.00 

E 0.037 6.85 

9 0.032 6.C5 

iC 0.031 5.95 

11 0.030 5.74 

12 0.029 5.63 

13 0.024 4.87 

14 0.025 5.09 

15 0.023 4.C 

16 0.023 4.80 

17 C.021 4.50 

1e C.021 4.53 

19 0.025 4.98 

2C 0.023 4.79 

21 0.042 7.52 

22 0.035 6.46 

23 0.087 15.02 

24 (!2cF) 0.077 13.36
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