
9 f412190258 ufSe 
PDR ADOCK 05000305 
P PDR



RELOAD SAFETY EVALUATION

FOR 

KEWAUNEE CYCLE XI

Prepared By 

Reviewed By 

Reviewed By 

Reviewed By

Approved By:

(). f~u~
Nuc Tar Fuel Anglysis Supervisor 

uclea u Cycle Supervisor 

: Z-0 tx 
Licer ing & ystems Superintendent

Plant Operations Review Committee 

Director - Fuel Services

Date: / __ 

Date: //____ 

Date: 

Date: /Z-17 

Date:

:

:



TABLE OF CONTENTS 

1.0 INTRODUCTION.. . . . . . . . . . . .. ......... 1

DESIGN . . . . . . . . . . . . * . . . * .  
Core Description . . . . . . . . . . . . .  

Design Objectives and Operating Limits . .  

Scram Worth Insertion Rate . . . . . . . .  

Shutdown Window. . . . . . . . . . . . . .

3.0 ACCIDENT EVALUATIONS. . . . . . . . . . . . * * * * . .  

3.1 Evaluation of Uncontrolled Rod Withdrawal from 
Subcritical. . . . . .. . . . . . . * . * . . . .  

3.2 Evaluation of Uncontrolled Rod Withdrawal at Power

3.3 Evaluation of Control Rod Misalignment . .  
3.4 Evaluation of Dropped Rod... . . ....  

3.5 Evaluation of Uncontrolled Boron Dilution.  
3.6 Evaluation of Startup of an Inactive Loop.  
3.7 Evaluation of Feedwater System Malfunction 
3.8 Evaluation of Excessive Load Increase. . .  
3.9 Evaluation of Loss of Load.... . . . *..  

3.10 Evaluation of Loss of Normal Feedwater . .  
3.11 Evaluation of Loss of Reactor Coolant Flow 

Pump Trip................  
3.12 Evaluation of Loss of Reactor Coolant Flow 

Locked Rotor. . ...... *.*.* 
3.13 Evaluation of Main Steam Line Rupture.  
3.14 Evaluation of Rod Ejection Accidents . . .  
3.15 Evaluation of Fuel Handling Accident . . .  
3.16 Evaluation of Loss of Coolant Accident . .  
3.17 Power Distribution Control Verification. .  

4.0 TECHNICAL SPECIFICATIONS. . . . . . ......  

5.0 STATISTICS UPDATE . . . . . . ........  

6.0 REFERENCES. . . . . ............

. . ..  

Due to 

. . .  .u .to.

.3 

.3 

.6 
12 
14

16 

19 
21
23 
25 
27 
29 
31 
33 
35 
37

. 38 

40 
. 42 

45 
50 

. 52 

54

.

* * . . 56 

. . . . . 57

. 60

2.0 CORE 
2.1 
2.2 
2.3 
2.4



Table 2.1.1 

Table 2.4.1 

Table 3.0.1 

Table 3.0.2 

Table 3.1.1 

Table 3.2.1 

Table 3.3.1 

Table 3.4.1 

Table 3.5.1 

Table 3.6.1 

Table 3.7.1 

Table 3.8.1 

Table 3.9.1 

Table 3.11.1 

Table 3.12.1

LIST OF TABLES 

Cycle 11 Fuel Characteristics .4

Peaking Factor Sensitivity to 
Shutdown Window. . ......... . . . . . 15 

Kewaunee Nuclear Plant 
List of Safety Analyses....... . . . . .. 17 

Safety Analyses Bounding 
Values . . . . . . . . .. * . * . * * . . . . 18 

Comparison of Parameters for 
Uncontrolled Rod Withdrawal 
from Subcritical . . . . . . . . . . . . . . . 20 

Comparison of Parameters for 
Uncontrolled Rod Withdrawal 
at Power.. ......... . . . . 22 

Comparison of Parameters for 
Control Rod Misalignment .......... . . . 24 

Comparison of Parameters for 
Dropped Rod Accident.................. . . . 26 

Comparison of Parameters for 
Uncontrolled Boron Dilution 
Accident . . *.......................... . . . 28 

Comparison of Parameters for 
Startup of an Inactive Loop . . . . . . . . . .30 

Comparison of Parameters for 
Feedwater System Malfunction . . . . . . . . . 32 

Comparison of Parameters for 
Excessive Load Increase..... ... . . . . . 34 

Comparison of Parameters for Loss 
of Load . . . . . . . . * * . * * *. . . . . . 36 

Comparison of Parameters for Loss 
of Reactor Coolant Flow Due to 
Pump Trip.............................. . . . .39 

Comparison of Parameters for Loss 
of Reactor Coolant Flow Due to 
Locked Rotor. ...... . . . . *.... . . . 41

Table 3.13.1 Comparison of Parameters for Main 
Steam Line Rupture . . . . . . . . . . . . . 43

-ii-



Table 3.14.1 Comparison of Parameters for Rod 
Ejection Accident at HFP BOL . .  

Table 3.14.2 Comparison of Parameters for Rod 
Ejection Accident at HZP BOL . .  

Table 3.14.3 Comparison of Parameters for Rod 
Ejection Accident at HFP EOL . .  

Table 3.14.4 Comparison of Parameters for Rod 
Ejection Accident at HZP EOL . .  

Table 3.15.1 Comparison of Parameters for Fuel 
Handling Accident . . ......  

Table 3.16.1 Comparison of Parameters for Loss 
of Coolant Accident . . . . . . .  

Table 5.0.1 Reliability Factors.. ......  

Table 5.0.2 FQN Reliability Factors . ....

. . . 46 

. . . 47 

. . . 48 

. . . 49 

.

* * * * * 51 

53 

58 

59

-iii-



Figure 2.1.1 

Figure 2.2.1 

Figure 2.2.2 

Figure 2.2.3 

Figure 2.2.4 

Figure 2.3.1 

Figure 3.13.1 

Figure 3.17.1

LIST OF FIGURES 

Cycle 11 Loading Pattern 

Hot Channel Factor Normalized 
Operating Envelope 

FQT Versus Fuel Rod Exposure .  

Control Bank Insertion Limits . .  

Target Band on Indicated Flux 
Difference . . . . . . . . . . . . .  

Scram Worth Versus Time . ......  

Variation of Reactivity with 
Core Temperature at 1000 PSIA . .  

Maximum FQ Versus Axial Height, Power 
Distribution Control Verification .

.. 5 

8 

.. 9 

10 

11 

.. . 13 

.. 

. . 44 

.. 

. 55

-iv-



1.0 INTRODUCTION

The Kewaunee Nuclear Power Plant will be shutdown in Febru

ary 1985 for the Cycle 10-11 refueling. Startup of Cycle 11 

is forecast for April 1985.  

This report presents an evaluation of the Cycle 11 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.
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It has been concluded that the Cycle 11 design is more 

conservative than results of previously docketed accident 

analyses. This conclusion is based on the assumptions that: 

1. Cycle 10 operation is terminated after 10,000 (+200, 

-250) MWD/MTU.  

2. There is adherence to plant operating limitations and 

Technical Specification (4).

-2-



2.0 CORE DESIGN

2.1 Core Description 

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

design. The core loading pattern, assembly identification, 

RCCA bank identification, instrument thimble I.D., thermo

couple I.D., and burnable poison rod configurations for 

Cycle 11 are presented in Figure 2.1.1.  

Thirty-six new Exxon assemblies enriched to 3.4 w/o U235 

will reside with eighty-four partially depleted Exxon 

assemblies and one partially depleted Westinghouse assembly.  

Table 2.1.1 displays the core breakdown by region, enrich

ment and previous cycle duty.  

The Cycle 11 reload core will employ 32 burnable poison rod 

assemblies (BPRA'S) containing 128 fresh and 272 partially 

depleted pyrex poison rods.
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Table 2.1.1 

Cycle 11 Fuel Characteristics

Number of 
Initial Previous 
Vendor W/O U235 

W 2.2 

ENC 3.2 

ENC 3.2 

ENC 3.4 

ENC 3.2 

ENC 3.4

Number of 
Duty Cycles 

1 

3 

2 

2 

1 

0

Assemblies 

1 

12 

8 

36 

28 

36(Feed)

-4-

Region 

1 

7 

10 

11 

12 

13



Figure 2.1.1 
Cycle 11 Loading Pattern
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2.2 Des.ijn Objectives and operating Limits

Power Eating 1650 MW'IH 

System Pressure-, 2250 PSIA 

Core Average Moderator Temperature (HZP) 547 degrees F 

Core Average Moderator Temperature (HFP) 561 dlegrees F 

Cycle 11 core design is baseO on the following design objectives 

and operating limits.  

A. Nuclear peaking factor limits arc as follows: 

(i) FQ (Z) limits for all Westin-ghouse 3lectric Corp. fuel 

i'Q(Z) 5 (2.22/P) * K(Z) for P > 0.5 

Q (Z) < (4.4 4) * K(Z) for P 0.5 

(ii) F0 (Z limits for Exxon Nuclear Company fuel 

FQ (Z) S (FQT (Ej)/P) * K(Z) for P > 0.5 

F (Z) 4.42 * K(Z) for P 0.5 

(ii4) FAP limits for all fuel 

FtAIN 5 1.55(1 + 0.2(1-P)) for exposure S 24000 MWiD/MIU 

FAHiN < 1.52(1 + 0.2(1-P)) for exposure > 24000 -MWD/MTTU 

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

is operating: 

Y(Z) is the function given in Figure 2.2.1 

FQT(Ej) is the function given in Figure 2.2.2 

E- is the fuel rod exposure for which FQ- is measured 

Z is the core height location FQ 

B. The moderator temperature coefficient at operating conditions 

shall be negative.  

C. With the m :iost reactive rod stuck out of the core, the remain

ing control rods shall be able to shut down the -

- 6 -



reactor by a s ufficient reactivity margin: 

1.0 % at DOC 

2.0 ? at EOC 

D. The fuel loading pattern shall be capable of gjnerating 

approximately 11,000 MWD/MTU.  

E. The power dependent rod insertion limits (PDIL) are presented 

in Figure 2.2.3. These lIimits are those currently specified 

in ie-ftorence 4.  

Th( aicat axial flux difference shall j( maintained 

within at 5% band about the target axial flux difference 

above 90n power. Figure .2.4 shows the axial flux differ

once lim it5 as a function of core power.. Thcse limits are 

currenty specified in Reference 4..  

G. A refueling horon concentration of 2100 ppm will be suffi

cient to maintain the reactor subcritical by 10; Ak/k in the 

cold condition with all rods inserted anId -will maintain th 

core suncritical with all rods out of the core.  

i. Fuel Juty during this fuel cycle will assure peak fuel rod 

hurnups less than those maximum hurnups recommended by the 

resnectLve fuel vendors.

-7-
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Figure 2.2.1
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Figure 2.2.2

KEWAUNEE FQ VERSUS ROD EXPOSURE
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Figure 2.2.3
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Figure 2.2.4
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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 11 minimum shutdown 

margin is 2.37% at end of cycle hot full power conditions.  

Figure 2.3.1 compares the Cycle 11 minimum scram insertion 

curve to the current bounding safety analysis curve.  

It is concluded that the minimum trip reactivity insertion 

rate for Cycle 11 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 the results of the safety analysis due to 

trip reactivity assumptions.

-12-



Figure 2.3.1 
Scram Worth Versus Time
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2.4 Shutdown Window

An evaluation of the full power equilibrium peaking factor 

variation at BOC 11 versus EOC 10 burnup is presented in 

Table 2.4.1. The values shown have conservatisms applied in 

accordance with references 1 and 9.  

It is concluded that if refueling shutdown of Cycle 10 

occurs within the burnup window the Cycle 11 peaking factors 

will not be significantly affected and will not exceed their 

limiting values.

-14-



Table 2.4.1 

Peaking Factor at Actual Beginning of Cycle Burnup

FAH FQ

Cycle 11 Limi t Cycle 11

BOC 11 (+200 EOC 10) 

BOC 11 (Nominal EOC 10) 

BOC 11 (-250 EOC 10)

Limit

1.510 

1.505 

1.499

1.55 

1.55 

1.55

2.161 

2.148 

2.134

2.21 

2.21 

2.21
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3.0 ACCIDENT EVALUATIONS 

Table 3.0.1 presents the latest safety analyses performed 

for the accidents which are evaluated in Sections 3.1 

through 3.16 of this report. The bounding values derived 

from these analyses are shown in Table 3.0.2 and will be 

applied in the Cycle 11 accident evaluations.
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Table 3.0.1 

Kewaunee Nuclear Power Plant 

List of Safety Analyses

Accident 

Uncontrolled RCCA Withdrawal From a 
Subcritical Condition 

Uncontrolled RCCA Withdrawal at Power 

Control Rod Drop 

RCC Assembly Misalignment 

CVCS Malfunction 

Startup of an Inactive RC Loop 

Excessive Heat Removal Due to FW 
System Malfunctions 

O Excessive Load Increase Incident 

Loss of Reactor Coolant Flow 

Locked Rotor Accident 

Loss of External Electrical Load 

Loss of Normal Feedwater 

Fuel Handling Accidents 

Rupture of a Steam Pipe 

Rupture of CR Drive Mechanism Housing 

RC System Pipe Rupture (LOCA) 
Westinghouse 

Zirc - Water Addendum 
Clad Hoop Stress Addendum 

RC System Pipe Rupture (LOCA) Exxon

Current Analysis 

2/78 (Cycle 4-RSE) 

2/78 (Cycle 4-RSE) 

1/27/71 (AM7-FSAR) 

1/27/71 (AM7-FSAR) 

1/27/71 (AM7-FSAR) 

1/27/71 (AM7-FSAR) 

1/27/71 (AM7-FSAR) 

1/27/71 (AM7-FSAR) 

3/73 (WCAP-8903) 

2/78 (Cycle 4-RSE) 

1/27/71 (AM7-FSAR) 

8/31/73 (AM33-FSAR) 

1/27/71 (AM7-FSAR) 

4/13/73 (AM28-FSAR) 

2/78 (Cycle 4-RSE) 

12/10/76 (AM40-FSAR) 

12/14/79 
1/8/80 

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

Ref. No.  

7 

7 

6 

6 

6 

6 

6 

6 

8 

7 

6 

6 

6 

6 

7 

6 

10 
11 

12
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Table 3. 0. 2 

Safety Analyses Bounding

Paramete r 

Mlodlerator Temp. Corefficient 

DopIer Co Efticient 

Differential Boron Worth 

Delayed Neutron Fraction 

Prompt Neutron Litetime 

Shutdown a 

Differential Rod Worth of 
2 Banks Moving 

Ejected Rod Cases 

HFP, BOL 
1 eff 
R od Worth 
FQ

HF P, EOL 
13e f I 
Rood Worth 
F Q 

IIZP, BOL 
fief f 
Rol Worth 
Fr) 

ZLP ,EFOL 

fBef f 
Rodi Worth 
F Q

-18-

Va lu es

Lower 
Bound 

-40.0 

-2.32 

-11.2 

.0050 

20 

1.0

N/A

.0055 
N / A 
N/A 

.0050 
N/A 
N/A 

.0055 
N/A 
N/A 

.0050 
N/A 
N/A

U p per 
Bound 

0.0 ( 

-1.0 ) 

N/A 

.0071 

N/A 

2.0

82

N /A 
.30 
5..03 

N/A 
.42 
5. 1 

N / A 
.92 
13.0 

N/A 
.92 
13.0

Units 

pcm/
0 

pcm/o F 

pcm/ppn

p sec 

%p

pcm/sec

Ap

%Ap

%Ap



3.1 Evaluation of Uncontrolled Rod Withdrawal from Subcritical

An uncontrolled addition of reactivity due to uncontrolled 

withdrawal of a Rod Cluster Control Assembly (RCCA) results in a 

power excursion.  

The most important parameters are the reactivity insertion rate 

and the doppler coefficient. A maximum reactivity insertion rate 

produces a more severe transient while a minimum (absolute value) 

doppler coefficient maximizes the nuclear power peak. Of lesser 

concern are the moderator coefficient and delayed neutron frac

tion which are chosen to maximize the peak heat flux.  

Table 3.1.1 presents a comparison of Cycle 11 physics parameters 

to the current safety analysis values for the Uncontrolled Rod 

Withdrawal from a Subcritical Condition.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded 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 11 reload core design, 

therefore, will not adversely affect the safe operation of the 

Kewaunee Plant.

-19-



Table 3. 1. 1

1jncontrolC(I Ead 'iithdrawal From SU PcritiCai

Reload Safety, 
Fvaluatiofl ValuesParametec

A) JM ude>to r T em p 
Coef fiCLenft 

B) Dopplcer Temp.  
CoeffIicien t 

C) Difrni~lWorth 
of- Two [Moviniq 91anks 

D) 13crai Wouth vs.  
Ti mo 

.)Delayed Nulutron.  
Fr ac tion

4.2

-1.7

. 046 (

Clurrfl t 
Saf ejA.,.jj S

1O0.0

- 1-..*1

. 116

See Section 2.3

* 006 16 * 7010

u ri its

pcm/ 0 ?m 

pcm/OFf

$/sec

.00616



3.2 Evaluation of Uncontrolled Rod Withdrawal at Power 

An uncontrolled control rod bank withdrawal at power results in a 

gradual increase 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 reactor coolant 

temperature and pressure.  

The minimum absolute value of the doppler and moderator coeffi

cients serves to maximize peak neutron power, while the delayed 

neutron fraction is chosen to maximize peak heat flux.  

Table 3.2.1 presents a comparison of the Cycle 11 physics parame

ters to the current safety analysis values for the Uncontrolled 

Rod Withdrawal at Power Accident.  

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 BOC Startup 

Physics Test measurements will demonstrate that the moderator 

coefficient will be negative at operating conditions.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded by those used in the current 

safety analysis, an uncontrolled rod withdrawal at power accident 

will be less severe than the transient in the current analysis.  

The implementation of the Cycle 11 reload core design, therefore, 

will not adversely affect the safe operation of the Kewaunee 

Plant.

-21-



Table 3.2. 1

Uncontolled hod 0ithdrawal at Power

a ram e ter
Reload Safety 

Evaluation Values
Current 

Safety Analjysis

A) Modorator Temp.  
Coe, :ficieIt 

L) Doppler Temp.  
Coe' ficient 

C) Differential T3od 
Worth of Two 
Moving Banks 

D) FAHN 

E) Scram Worth vs, 

'r i 'n ( 

F) Del A yed Neutron 
Fraction

4* 2*

-1.1

-0 4 h 

1.51

See Section 2.3

.00616

Mode-rator Temerature Coefticient will be verified negative 

at Startup Tewnting.
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3.3 Evaluation of Control Rod Misalignment

The static misalignment of an RCCA from its bank position 

does not cause a system transient, however; it does cause an 

adverse power distribution which is analyzed to show that 

core DNBR limits are not exceeded.  

The limiting core parameter is the peak FAH in the worst 

case misalignment of Bank D fully inserted with one of its 

RCCAs fully withdrawn at full power.  

Table 3.3.1 presents a comparison of the Cycle 11 FAHN 

versus the current safety analysis FAHN limit for the 

Misaligned Rod Accident.  

Since the pertinent parameter from the proposed Cycle 11 

reload core is conservatively bounded by that used in the 

current safety analysis, a control rod misalignment accident 

will be less severe than the transient in the current 

analysis. The implementation of the Cycle 11 reload core 

design, therefore, will not adversely affect the safe 

operation of the Kewaunee Plant.

-23-



Table 3. 3. 1 

Control Rod Misaliqnment Accideit

Parameter

A) FAHN

Reload Safety 
Evaluation Value

1.87

current 
-a fgg An!i

1.. 92
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3.4 Evaluation of Dropped Rod

The release of a full length control rod, or control rod 

bank by the gripper coils while the reactor is at power, 

causes the reactor to become subcritical and produces a 

mismatch between core power and turbine demand. The drop

ping of any control rod bank will produce a negative neutron 

flux rate trip with no resulting decrease in thermal 

margins. Dropping of a single RCCA may or may not result in 

a negative rate trip, and therefore the radial power distri

bution must be considered.  

A comparison of the Cycle 11 FAHN to the current safety 

analysis FAHN limit for the Dropped Rod Accident is present

ed in Table 3.4.1..  

Since the pertinent parameter from the proposed Cycle 11 

reload core is conservatively bounded by that used in the 

current safety analysis, a dropped rod accident will be less 

severe than the transient in the current analysis. The 

implementation of the Cycle 11 reload core design, there

fore, will not adversely affect the safe operation of the 

Kewaunee Plant.
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Table 3. 4. 1

Droppod Pod Accident

Parameter 

A) F.AHN

Reload Safety 
Evaluation Value 

1.62

Curreit 
Safety Anal y sis 

1.92
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3.5 Evaluation of Uncontrolled Boron Dilution

The malfunction of the Chemical and Volume Control System (CVCS) is 

assumed to deliver unborated water to the reactor coolant system.  

Although the boron dilution rate and shutdown margin are the key 

parameters in this event, additional parameters are evaluated for the 

manual reactor control case. In this case core thermal limits are 

approached and the transient is terminated by a reactor trip on 

over-temperature AT.  

Table 3.5.1 presents a comparison of Cycle 11 physics analysis results 

to the current safety analysis values for the Uncontrolled Boron 

Dilution Accident for refueling and full power 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 BOC Startup Physics Test 

measurements will demonstrate that the moderator coefficient will be 

negative at operating conditions.  

Since the pertinent parameters from the proposed Cycle 11 reload core 

are conservatively bounded by those used in the current safety analy

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

the transient in the current analysis. The implementation of the 

Cycle 11 reload core design, therefore, will not adversely affect the 

safe operation of the Kewaunee Plant.
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Table 3. 5. 1 

!ncontrolled Boron Dilution Accident

Parame te r
Reload Satety 

Evaluation Values
Current 

Safe ty AnalIysis units

i) Refuelina Conditions 

A) Shutdown margin 
(ARI) 

ii) At-Power Conditions

A) Moderator Temp.  
Coeff icient 

!) )oppler Temp.  
Coefficient

10.3 10. 0

0.0

-1.1

C) TReactivity insertion .0023 
Fate by Boron

n) Shutdow-n Margin

F) F;AHIN

2.37 

1.51

-1.0

.U024

Ap

pc/Oym 

pcm/oy f

$/sec

1 .00 

1.55

Moderator Temperature Coefticient will be veritied negative at 

startup testing.
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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 loop 

hot leg) into the core which causes a rapid reactivity insertion 

and subsequent core power increase.  

The moderator temperature coefficient is chosen to maximize the 

reactivity effect of the cold water injection. Doppler tempera

ture coefficient is chosen conservatively low (absolute value) to 

maximize the nuclear power rise. The power distribution (FAH) is 

used to evaluate the core thermal limit acceptability.  

Table 3.6.1 presents a comparison of the Cycle 11 physics calcu

lation results to the current safety analysis values for the 

Startup of an Inactive Loop Accident.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded by those used in the current 

safety analysis, the startup of an inactive loop accident will be 

less severe than the transient in the current analysis. The 

implementation of the Cycle 11 reload core design, therefore, 

will not adversely affect the safe operation of the Kewaunee 

Plant.
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Table 3. 6. 1 

Startup ot an Inactive Loop Accidenl

Parameter 

A) Aoderator Temp.  
Coefficient

Reload Safety 
Evaluation Values 

-38.2

Cur re it 
SafetjAnalYsiS

8) Doppler 
Coef ficien t

C) F-AHN

Units

-1.5

pc7:m/o 17 M

-1..0

1.51

pcm/o Ff

< 1.55
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3.7 Evaluation of Feedwater 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 RCS temperature and an attendant 

increase in core power level due to negative reactivity 

coefficients and/or control system action.  

Minimum and maximum moderator coefficients are evaluated to 

simulate both BOL and EOL conditions. The doppler reactivi

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

maximize the nuclear power peak.  

A comparison of Cycle 11 physics calculation 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 11 

reload core are conservatively bounded 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 11 reload core design, 

therefore, will not adversely affect the safe operation of 

the Kewaunee Plant.
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Table 3. 7. 1 

'Feedwater System Malfunction Accident

Reload Safety 
Evaluation ValuesParameter

A) Moderator Temp.  
Co o-f f i ciI'. t 

B) Doppler Temp.  
Coef ficien t

C) IAHN

D) Moderator Temp.  
Coef ficient 

(ma ximum)

-1.5

1. 51

-34.6

Current 
Safety Analysis Units

O. 0 

-1.0

pci/o Fm 

pcm/OFf

1.55

> -40.0 pcm/o Fm
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3.8 Evaluation of Excessive Load Increase

An excessive load increase causes a rapid increase in steam 

generator steam flow. The resulting mismatch between core 

heat generation and secondary side load demand results in a 

decrease in reactor coolant temperature which causes a core 

power increase due to negative moderator 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 3.8.1 presents a comparison of Cycle 11 physics 

results to the current safety analysis values for the 

Excessive Load Increase Accident.  

Since the pertinent parameters from the proposed Cycle 11 

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 of the Cycle 11 reload core 

design, therefore, will not adversely affect the safe 

operation of the Kewaunee Plant.
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Table 3..8.1

Excessive Load Increase Accident

Parameter

A) ^ioderator Temp.  
Coefticient 

(min n i u 

B) Moderator Temp.  
Coef fi cien t 

( maxi mnui) 

C) Dopplcr Temp.  
Coefficient 

D) FAIN

Peload Safety 
Evaluation Values

Current 
Saf ety Analysis Units

0.0

-34.6

-1.0-1.1 

1.51

pcm/OFm 

pcm/o Fm 

pcm/o Ff

1.5
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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. To provide a conservative 

assessment of this event, no credit is taken for direct 

turbine/reactor trip, steam bypass, or pressurizer pressure 

control, and the result is a rapid rise in steam generator shell 

side pressure and reactor coolant system temperature.  

A minimum moderator temperature coefficient maximizes the power 

transient and heatup prior to reactor trip while the large 

(negative) doppler coefficient retards the power coast down 

following reactor trip. The power distribution (FAH) and scram 

reactivity are evaluated to ensure thermal margins are maintained 

by the reactor protection system.  

A comparison of Cycle 11 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 11 reload 

core are conservatively bounded by those used in the current 

safety analysis, a loss of load accident will be less severe than 

the transient in the current analysis. The implementation of the 

Cycle 11 reload core design, therefore, will not adversely affect 

the safe operation of the Kewaunee Plant.
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rable 3.9- 1

Loss of Lod( Accident

Reload Safety 
Evaluation ValuesP)aaLete I-

A) Moderatou Temp.  
Coeff icient 

B) Doppler Temp.  
Coefficient 

C) .FAHN 

D) Scram Worth 
Versus Time

-1.5

1. 50 

1.. 51

Current 
SafetYAnaly.is Units

0.0

-2.32 

1.55

PCM/0 Fm 

pcm/ 0 Ff

See Section 2. 3
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3.10 Evaluation of Loss of Normal Feedwater

A complete loss of normal feedwater is assumed to occur due to 

pump failures or valve malfunctions. An additional conservatism 

is applied by assuming the reactor coolant pumps are tripped, 

further degrading the heat transfer capability of the steam 

generators. 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 feedwater additions 

and natural circulation RCS flow, have been shown not to produce 

any adverse core conditions.  

The Loss of Feedwater Transient is not sensitive to core physics 

parameters and therefore no comparisons will be made for the 

Reload Safety Evaluation.
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3.11 Evaluation of Loss of Reactor Coolant Flow Due to Pump Trip 

The simultaneous loss of power to both reactor coolant pumps 

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

effect of reduced coolant flow is a rapid increase in core 

coolant temperature. The reactor is tripped by one of several 

diverse and redundant signals before thermal hydraulic conditions 

approach those which could result in fuel damage.  

The doppler temperature coefficient is compared to the most 

negative value since this results in the slowest neutron flux 

decay after trip. The moderator temperature coefficient is least 

negative to cause a larger power rise prior to the trip. Trip 

reactivity and FAH are evaluated to ensure core thermal margin.  

Table 3.11.1 presents a comparison of Cycle 11 calculated physics 

parameters to the current safety analysis values for the Loss of 

Reactor Coolant Flow Due to Pump Trip Accident.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded 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 implementation of the Cycle 11 reload core design, 

therefore, will not adversely affect the safe operation of the 

Kewaunee Plant.
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Paramet 

A) MIode 
Coef

Table 3.11-1 

Luss; of Reactor Coolant Flow Due to Pump Trip 

Reload Safety Current 
-or Evaluation Values Safe ty Ana lysigs Units 

rator Temp.  
ticient -1.5 0.0 pcn/OFm

B) Doppler Temp.  
Coef ficien t 

C) FAHN 

D) Scram Worth 
Versus Time

-1. 5 

1.51

-2. 32 

1.55

pcm/opf

See Section 2.3
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3.12 Evaluation of Loss of Reactor Coolant Flow Due to Locked 

Rotor 

This accident is an instantaneous seizure of the rotor of a 

single reactor coolant pump resulting in a rapid flow reduction 

in the affected loop. The sudden decrease in flow results in DNB 

in some fuel rods.  

The minimum (absolute value) moderator temperature coefficient 

results in the least reduction of core power during the initial 

transient. The large negative doppler temperature coefficient 

causes a slower neutron flux decay following the trip as does the 

large delayed neutron fraction.  

Table 3.12.1 presents a comparison of Cycle 11 physics parameters 

to the current safety analysis values for the Locked Rotor 

Accident.  

Since the pertinent parameters from the proposed Cycle 11 reload 

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 analysis. The implementation of the 

Cycle 11 reload core design, therefore, will not adversely affect 

the safe operation of the Kewaunee Plant.
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Table 3. 12. 1

Loss of Peactor Coolant Flow Due to Locked [otor

Peload Safety 
Evaluation ValuesParameter

A) Moderator nemp.  
Coef F:icien t 

b) Dopplur Temp.  
Coefficient 

C) Delayed Neutron 
Fraction 

D) Percent Pin-; > 
Limiting FAHN

E) Scram Wort
Versus Time

-1.5

-1.5

0..00616

20.6

CuLrent 
Safety Analysis

0.0

-2.32

See Section 2.3
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3.13 Evaluation of Main Steam Line Rupture

The rupture of a main steam line inside containment at the exit 

of the steam generator causes an uncontrolled 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 the trip.  

Shutdown margin at the initiation of the cooldown and reactivity 

insertion and peak rod power (FAH) during the cooldown are 

evaluated for this event.  

Table 3.13.1 presents a comparison of Cycle 11 calculated physics 

parameters to the current safety analysis values for the main 

steam line rupture accident. Figure 3.13.1 compares core Keff 

during the cooldown to the current bounding safety analysis 

curve.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded 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 implemen

tation of the Cycle 11 reload core design, therefore, will not 

adversely affect the safe operation of the Kewaunee Plant.
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Table 3. 13. 1

M!Ain Steam Line Rupture Accident

Pa ra n e t e r

A) Shutdown Margin 

3) FAH

Reload Safety 
Fvaluation Value

2.37

5. 7

Current 
safetyAnalysis Unit

2.00 LAp

8.3

- 4.3 3-



Steam Break

VRRIRTION OF RERCTIVITYP WITH CORE TEMPERRTURE 
RT 1000 PSIR FOR THE END OF LIFE RODDED 
CORE WITH ONE ROD STUCK (ZERO POWER)

FIOURE 3.13.1

350.00 400.00 
CORE RVERRGE

450.00 500.00 
TEMPERRTURE (DEG
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3.14 Evaluation of Rod Ejection Accidents

The ejected rod accident is defined as a failure of a control rod 

drive pressure housing followed by the ejection of a RCCA by the 

reactor coolant system pressure.  

Tables 3.14.1 thru 3.14.4 present the comparison of Cycle 11 

calculated physics parameters to the current safety analysis 

values for the Rod Ejection Accident at zero and full power, BOL 

and EOL core conditions.  

The application of the reliability factor to the moderator 

coefficient calculated at HZP, BOL, no xenon core conditions 

results in a slightly positive value. It is anticipated that BOC 

Startup Physics Test measurements will demonstrate that the 

moderator coefficient will be negative at operating conditions.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded by those used in the current 

safety analysis, a rod ejection accident will be less severe than 

the transient in the current analysis. The implementation of the 

Cycle 11 reload core design, therefore, will not adversely affect 

the safe operation of the Kewaunee Plant.
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Parametel.  

A) moderator Temp.  
Coefii cient 

B) Delayed Neutron 
Eracti on 

C) Ejected Fod 
Worth 

D) Dopplecr Temp.  
Coefficient 

E) Prompt Neutron 
Lifeti me 

F) FQN 

G) Scram worth 
Versus Time

Table 3. 14. 1 

Rod Ejection Accidents 

HFP, DOL 

Reload Safety 
Evaluation Values 

-1.5 5 

0.00f16 .>

e0.08 

-1.1

29.0 

2.32

Current 
Safety. Ana;lsis Units 

0.0 pcm/ Fm 

0.00550

0.0 O 

-1.0 

20. G 

5.03

i, A p~ 

pcm/oFf 

psec

see Section 2.3

0
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Table 3.14.2

Rod Ejection Accidents 

HZP, BOL

Reload Safety 
Evaluation Values

Current 
Safety Analysis Units

A) Moderator Temp.  
Coefficient 

3) Delayed Neutron 
Fraction 

C) Ejected Bod 
Wo rt h 

D) Doppler Temp.  
Coefficient 

E) Prompt Neutron 
Lifetime 

F) ?QN 

G) Scram Worth 
Versus Time

4. 2*

0.00616

0.41

-1.1

29.0

4.73

See Section 2.3

* Moderator Temperature Coefficient will be verified negative at 
Startup Testing.
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0.0 pcm/o Fm

0.00550

0.91

- 1. 0

5% p

pcm/o Ff 

pJsec20.0 

1 1 .



Parameter 

A) MIoderator Temp.  
Coefficient 

B) Delayed Neutron 
Fraction 

C) Ejected YBod 
o rt h 

D) Doppler Temp.  
Coef ficient 

F.) Prompt Neutron 
Lifetime 

F) FQN  

G) Scram Worth 
Versus Time

Table 3.14.3 

Rod Ejection Accidents 

HFP, EOL 

Reload Safety 
Evaluation Values 

-1..1< 

0.00543 

0.11 

-1.2 

31.9 

2.74 <

Currefnt 
Safety AnalySis Units 

0.0 pcm/oFM 

0.. 00500

0.42 

-1:.  

20.0 

5. 1

A p 

pcm/oFf 

psec

See Section 2.3

-48-



Table 3.14.4

Eod Ejection Accidents 

IZP, EOL

Parameter

A) Moderator Temp.  
Coefficient 

B) Delayed Neutron 
Fraction 

C) Ejected Pod 
R or t k 

D) Doppler Temp.  
Coefficient 

E) Prompt Neutron 
Lifetime 

') FQN 

E) 2cram Worthl 
Versus Time

Reload Safety 
Evaluation Values

Current 
Safetv Analvsis Units

0.0-10.5

0.00543

<0.70

-1.2

31.9

pcm/OFm

0. 0500

%AP

pcm/oFt

pISec20.0 

13.0Z.3

See Section 2.3
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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 

fraction of fission gas released is based on a conservative 

assumption of high power in the fuel rods during their last six 

weeks of operation.  

The maximum FQ expected during this period is evaluated within 

the restrictions of the power distribution control procedures.  

Table 3.15.1 presents a comparison of the Cycle 11 FQN, calculat

ed at end of Cycle 11 less 2.0 GWD/MTU, to the current safety 

analysis FQN limit for the Fuel Handling Accident.  

Since the pertinent parameter from the proposed Cycle 11 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 11 reload core design, therefore, will not adversely affect 

the safe operation of the Kewaunee Plant.
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Table 3. 15. 1

Fuel Handling Accident

Parameter

A) FQN

Reload Safety 
Evaluation Values

1.95

Curren t 
Safet Analyvsis 

2.53
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3.16 Evaluation of Loss of Coolant Accident

The Loss of Coolant Accident is defined as the rupture of the 

reactor coolant system piping or any line connected to the 

system, up to and including a double-ended guillotine rupture of 

the largest pipe.  

The principal parameters which affect the results of LOCA analy

sis are the fuel stored energy, fuel rod internal pressures, and 

decay heat. These parameters are affected by the reload design 

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 11 physics calcula

tion results to the current safety analysis values for the Loss 

of Coolant Accident.  

Since the pertinent parameters from the proposed Cycle 11 reload 

core are conservatively bounded by those used in the current 

safety analysis, a loss of coolant accident will be less severe 

than the transient in the current analysis. The implementation 

of the Cycle 11 reload core design, therefore, will not adversely 

affect the safe operation of the Kewaunee Plant.
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Parameter 

A) Scram Worth 
Versus Time 

B) FQ 

C) FAH

Table 3. 16. 1 

Loss of Coolant Accident 

Reload Safety Current 
Fvalution Values Safety Analysis 

See Section 2.3 

See Section 3.17 

1.51 5 1.55
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3.17 Power Distribution Control Verification

The total peaking factor FQT relates the maximum local power 

density to the core average power density. The FQT is determined 

by both the radial and axial power distributions. The radial 

power distribution 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 (9).  

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

performed at full power, equilibrium core conditions, at expo

sures ranging from BOC to EOC. Conservative factors which 

account for potential power distribution variations allowed by 

the power distribution control procedures, manufacturing toler

ances, and measurement uncertainties are applied to the calculat

ed FQT(Z).  

Figure 3.17.1 compares the calculated FQT(Z), including uncer

tainty factors, to the FQT(Z) limits. These results demonstrate 

that the power distributions expected during Cycle 11 operation 

will not preclude full power operation under the power distribu

tion control specifications currently applied (4).

-54-



MRX (FQ * P REL )OS RXIRL 
CORE HEIGHT CYCLE 11 

S3D 84278.1029

24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 

RXIRL POINT

0 
0 

D1

~11 

(0 

CD



4.0 TECHNICAL SPECIFICATIONS

No Technical Specification changes are required as a result 

of this reload.
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5.0 STATISTICS UPDATE 

In an eftort to provide continuing assurance of the model 

applicability, Cycle 9 measurements and calculations were 

added to the statistics data base prior to model applica

tions to the Cycle 11 Reload Analysis. The reliability and 

bias factors applicable to Cycle 11 analyses are presented 

in Tables 5.0.1 and 5.0.2.
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Pa ram eter 

F* A A.  

Pod Worth 

Moerat or 
Temnera ture 
Coefficient 

Coefficie nt 

Boron Worth 

Delay ed Neutron 
Parameters

Table 5. 0. 1 

Reli.iility Factors 

ReliabilitL Fctor 

See Table 5.0.2 

7.78 PCM/OF 

10.0 

5. 0%.; 

3.0%

3ias 

0 

0 

-0.47 iPCM/ 0 F 

0
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Table 5.0.2 

FQN Reliability Factors

Core Level 

1 (Bottom) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 (Top)

Node 

0.087 

0.046 

0.022 

0.026 

0.023 

0.022 

0.020 

0.020 

0.018 

0.022 

0.021 

0.021 

0.023 

0.020 

0.019 

0.019 

0.020 

0.022 

0.025 

0.023 

0.041 

0.033 

0.086 

0.076 
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RF (%) 

14.89 

8.17 

4.59 

5.18 

4.78 

4.59 

4.33 

4.42 

4.17

4.66 

4.50 

4.52 

4.41 

4.33 

4.21 

4.26 

4.32 

4.56 

5.04 

4.79 

7.46 

6.12 

14.80 

13.15
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