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1.0 INTROLDUCTION

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 mot adversely
affect the safety of the plant. Those accidents wvhich conlqd

ﬁotentially be affected by the reload core design are

revieved.

Details of the calculational model used to generate physics
paramneters for this Reload Safety Evaluation are described
in Reference {(1). Accident Evaluation methodolocgies applied
in this report are detailed in Reference {2). These reports
have been previously reviewed {3). The current physics

model reliakbility factors are discussed in section 5 of this

report.

i .
An evaluation, by accident, of the pertinent reaqtor parame-
ters is performed by compatinq!the reload analysis results
Wwith the carrent bounding safety analysis vélues. The
evaluations per formed ian this document employ the current
Technical Specification (4) limitinq safety system setpoints
and operating linits. The burnup dependent power peaking

limits described in section 2.2 are modified ({14) as



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 that:z

1. Cycle 9 operation is terminated after 10,500 {+300,
-500) MWD/MTU.
2. There is adherence to plant operating limitations and

Technical Specifications {4, 14).



2.0 CCEE LESIGN

2e1 Core lescriptiocn

The reactor core consists of 121 fuel assemkbtlies cf 14 X 14
design. 1The core loading pattern, assembly identification,
RECCA bank identificaticn, instrument thimkle I.[., thermo-
couple i.c., and turnable poisco rod configurations for

Cycle 1C are rresented in Figqure 2.1.1.

Thirty=six new Exxcn assemblies enriched to 3.2 wyo U235
will reside with eiqbty-fcur partially depleted Exzxon
assemhlies and one partially derleted Westinghcuse assenmbly.

Table 2.1.1 disfrlays the core breakdown Lty region, enrich-

ment and previocus cycle duty.

The Cycle 10 reload core will employ 36 burnable poison rad
assemblies (EPEA'S) ccnotaining €4 fresh and 352 rartially

depletea pYrex Foiscn rods, and 16 wet annular turnable

Foiscon xrods.
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Table Zz.1.1

Cycle 10 Fuel Characteristics

Numter of
Initial Frevious Number of
Yendcr WyC _D23€ Duty Cycles

W 2.2 1
ENC 3.2 3
ENC J.2 2
ENC 3.2 2
ENC Se 2 2
ENC 3.4 1
ENC 3.2 0

36

36 (FEEL)




Figure 2.1.1
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Decsiqr Chijectives and Cperating limits

. Fower Fating

System fEressure

Core Average Moderator fTemperature (HZE)

1650 MWTH

225C PSIA

547 degrees F

Core Average Moderator Temperature {(HFE) 561 degrees F

Cycle 10 core design is based cn the follcwing design

cbjectives and operating limits.

A-

Nuclear reaking factor limits are as followus:

(1) EC(2)

¥EC(2)
FQ (2)

(11) FC({2)

FQ (2)
FC(Z)

limits fcr all Westinghouse Electric Corp. fuel

< (2.22/,P) * K{2) for P > (.5
< f4.uy) * K{Z) for P < C.5
limits for Exxcn Nuclear Company

(FCT(Ej),sE) * K(Z) for E > 0.5

<
< 4,42 * K({2) for P £ 0.5

(iii) FAH limits for all fuel

fuel ~ . Fef. (14)

FAHN € 1.55¢1 ¢ 0.211-EF)) for exposure <
FAEN € 1.52(1 ¢+ 0.2(1-P)) for exposure >
where P is the fraction of full power at

is operating:

K{2)

ECT (ET)

24000 M®#C/MTU
24000 MHI/MTU

which tte core

is the function-diven in Figure 2.2.1

is the functicn given in Fiqure 2.2.2 = Fef. (14

Ej is the fuel rod exposure for which F( is measured
2 is the core teight 1lccation F( '

The moderatgor temperature coefficient at cperating

conditiors shall be negative.

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

remaining control rods shall te atle tc shut dcwn the




Ee

reactor by a sufficient reactivity margin:

1.C % at BCC

2.C % at ECC

The fuel loading pattern shkall be capable cf generating

approximately 1C,C0CC MWD,MTU.

The poser dependent rcd insertion limits (PDII) are
rresented in Figqure 2.2.3. These limits are those

currently specified in Feference 4.

The indicated axial flux difference stall be maintained
within a ¢+ 5% band abtout the target axial flux differ-
ence atove 90% power. Figure 2.2.4 stkcws thke axial flux
difference limits as a function of ccre péwer. These

limits are currently specified in Ekeference 4.

A refueling boron ccncenfration of 2100 ppm will ke
sufficient to maintain the reactor sukcritical 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.

Fuel duty during this fuel cycle will assure feak fuel
rod burtnups less than those maximum burnups recommendecd

ty the respective fuel vendors.
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TOTAL PEAKING FACTOR Fg

KEWAUNEE Fg VERSUS ROD EXPOSURE
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Figure 2.2.4
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2.3 Scram Worth Insertion Rate

The most limiting scram curve is tkat cuarve wvhich represents
the slovest trip reactivity insertion rate normalized to the
minimum shutdown margin. The Cycle 10 minimumr shutdown

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

It is concluded that the minimur trip reactivity insertion

rate for Cycle 10 is comservative 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 tte

results of the safety analysis due to trip reactivity

assumptions.

-12-



2.4 Shutdown Window

An evaluation of the full power eguilibrium peaking factor
variation at BOC 10 versus ECC 9 burnup is presented in

Table 2.4.1. The values have the conservatisms agplied in

accordance with references 1 and 9.

The EOC 9 shutdown burnup will not significantly affect the
Cycle 10 peaking factors if refueling shutdown of Cycle

occurs within the burnup window.

-13-



Table 2.4.1

. Feaking Factor at Actual Eeginning of Cycle Burnug
Cycle 1€
BOC 10 (+3(0 ECC9) 1.534

BECC 10 (Nominal EOC9) 1.529

BCC 10 (=50C ECC 9) 1.518

-1l=
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3.0 ACCILCENT EVALUATICNS

Tatle 3.0.1 fpresents the la&est safety analyses performed
for the accidents shich are evaluated in Sections 3.1
throuqh 3.16 of this regport. 1te bcunding values derived
fron these analyses are shown in Table 3.C.2 and will be

applied in the Cycle 10 accident evaluations.

- 1€



Takle Z.0.1

Kewmaunee Nuclear Power Elant

list cf Safety Analyses

o e S i e s e

Uncontrclled RCCA %ithdrawval Fgrcn a
subcritical Ccndition

Unccntrclled RCCA withdrawal at Fower
Control RKod CrOF

ECC Assembly Misaliqgnment

CVCS Malfurction

Startup cof an Inactive FC Icop

Excessive Eeat Eemoval Lue to %
System Malfunctioas

Excessive Lcad Increase Incident
Loss of keactor Coclant Flow
Locked Fotor Accident
Loss of External Electrical Load.
Loss cf Ncimal Feedsater
Fuel Handling Accidents

i
Fupture of a Steam Fipe

Rupture of CR Drive Mechanisnm Bcusing

RC System Eipe Rupture (ICCR)
Westinqhouse

?2irc - bdater Addendurm
Clad Boop Stress Aédendum

RC Systen Eire Rupture (LCCR) Exxcn

- 16=

Current Analysis

2778 (Cycle 4-RSE)

2,78 (Cycle #4-RSE)

1727771
127771
1,727,171
1727771

1727771

1727771

(AM7-ESAR)
(Ar7-FSAR)
{A¥7-FSAF)
{AM7-FSAR)

{Ar7=-FSAR)

{AM7-FSAFR)

3/73 (WCRE-8903)

2,78 (Cycle 4~RSE)

1,27/71
8/31/73
1727771

n/13,7%3

{AMT7=-FSAR)

{AM33=-F5AF)

(AMT=-FSAF)

{AM28~FSAF)

2,78 {Cycle 4-RSE)

12710776

12,1479
1/8/80

{AMUO0-FSAK)

1,79 (XN=NF=-T7S=1)

Fef._ No.

) o ()} o)} (o)} ~

o N e )}

()}

12
13

11



Takle 3.0.2

Safety Analyses Bounding Values

Parameter

e e

Lower
Bound

Moderatcr 1lemperature Coefficient =40.0

Doppler Coefficient
Differential Eorom Worth
Delayed Neustron Fraction
Prompt Neutron Lifetime
Shutdown Margin

Differential Fod wWorth of
2 Banks Mcving

Ejected Rcc Cases

BFE, ECL
feff
Fod Worth
FC

HFE, ECL
feff
Fod Xorth
EC

HZE, BCI
feff
fod Worth
EC

HZE,ECL
Ecff

Fod Worth
EC

-2.32
-11.2
-0050
20

N/A

-0055
N/A
N/A

.0050
N/A
N/A

.0055
N/A
N/A

<0050
N/A
N/A

-17=-

Upper
Bound

0.0
=-1.0
N/A
«-0071
N/ 2

2.0

N/A
-« 30
5.03

N/A
5.1

K/A
« 92
13.0

N/ 2
«92
13.0

Units
pcm/9F
FCcrn/0F

ECnm/ppm

H S€C

%Ap

Fcm/sec

FAg

L 7.¥+

7.

) ¥.Y-



3.1 Fvaluation of Umccrtrolled Fod Sithdrawal from Sukcritical

An uncontrclled addition of reactivity due to uncontrolled

withdrawal of a Rod Cluster Contrcl Assemkly (RCCA) results in a

PCWEr €XCUILsSicn.

The mcst imnportant parameters are the reactivity insertion rate
and the doppler coefficient. A maximum reactivity inserticn rate
prcduces a ECre SeVereE€ transient while a minimus {absolute value)
doprler coefficient maximizes the nuclear power peak. Of lesser
concern are the moderator ccefficient and delayed neutron frac-

tion which are chosen tc maximize tbhe peak heat flux.

Table 3.1.1 rresents a coppariscn of Cycle 10 fhysics fparaceters
toc the current safety analysis values for the Uncocntrolled Sod

Withdrawal from a Subcritical Ccndition.

Since the pertinent parameters fron the prcpcsed Cycle 10 reload
core are conservatively tcunded ky those used in the currernt
safety analysis, an unccntrolled rod withdrawal from subcritical
accident will te less seﬁere ttan.the trarsient in the current
analysis. 1Tbe implementation of the Cyclé 16 reload core design,
therefore, will not adverse19 éffect the safé opéiation of the

Kewaunee Flant.

-18=



a)

B)

C)

D)

E)

Table 3. 1.1

Uncontrolled Fod Withdrawal Fron

Feload Safety
Paragetexr Evaluation_ Values

Subcritical

Current

Safety_ Analysis

R e et s et e ¢

Moderatcr Tenmp.
Coefficient <o 1 - <

Corrler Tenrpe
Coefficient -1.8

A

Cifferential Worth

cf Twc kEcving Banks 27.7 <
Scram Wcrth vs.

Time See Secticn 2.3

Lelayed Neutroa
Fraction -00633

1A

- 19=

10.C

-1.0

€2.0

-0071

Units

pCcm/9Fnm

pcn/OFf

Fcm/sec



3.2 Evaluation of Unccntrcllec¢ Rod withdrawal at Fower

An unccntrolled contrcl rod bank sithdrawal at power results in a
gradual increase in core€ [fower focllowed ky an increase in ccre heat
flux. 1The resulting mismatch Letween core power and steam generator

heat load results in an increase in reactcr ccclant temperature and

FLIESSUL €.

The minimum aksclute value cf the doppler and mcderxator coefficients
serves tc mnaximize peak neutron power, while the delayed neutron

fraction is chosen to maximize peak heat flux.

Table 3.2.1 presents a compariscn of the Cycle 10 rhysics rarameters
tc the current safety analysis values for the Uncaontrolled %od

Wwithdrawal at Fower Accident.

The application of tkhe reliabtility factcr tc.the gcderator cceffi-
cient calculated at HZEF, D¢ xencn core conditicns results in a
slightly pcsitive value. It is anticipatéd that ECC Startup Physics
Test measurepents will demonstrate that the hoderator coefficient

will be negative at operating ccnditions.

Since the pertinent parameters from the profosed Cycle 10 reload
core are ccnservatively bounded by those used in the current safety
analysis, an unccntrolled rod withdrawal at power accident will te
less sever€ than the tramsient in'tbe current analysis. The imple-
meptaticn cf the Cycle 10 reload core'design, ttetefore, will nct

adversely affect the safe operation of the Kewaune€e€ Flant.

-20=
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A)

B)

C)

L)

F)

Moderator Temperature

at

Tabtle 3.2.1

Uncontrclled Bcd Withdrawal at Fower

Parameter

Mcderator 1Tenr.
Coefficient

Dcrrpler Temp.
Coefficient

Cifferential Rcd
Wcrcth Cf Tso
Moving Eanks
FAHN

Scrap Hcrth vs.
Time

CLelayed Neutrcn
Fracticn

Startur Testinge.

BReload Safety

Current
Safety Apnalysis

Fvalyation Values

Zo 1%

-1.30

27.7

1. 53

See Section 2.3

.C0O

633

-2 1=

IA

IA

IA

A

Coefficient will te

-1.0

0.0071%

UOnits

ECcm/9Fm

pcm/OFf

fcm/sec

verified negative




3.3 Evaluatiocn of Control Fod tfisalignment

The static misalignment cf an RCCA from its tank position does not
cause a system transient, however; it does cause an adverse powuer

distrituticn which is analyzed to show that core ENEF limits are not

exceeded.

The limiting core parameter is the fpeak FAH in the sorst case
misalignment of Bank [ fully inserted with cne cf its ECCAs fully

withdrawn at full fFoveér.

Table 3.3.1 presents a ccmpariscn of the Cycle 1C FAHN versus the

current safety analysis FAHN limit for the Hisaligned fod Mccident.

Since the pertinent parameter from the ptopoSed Cycle 10 reload core
is conservatively tounded by that used in the current safety analy-
sis, a contrcl rod misalignment accident will te less severe thanmn
the transient in the current analysis. The implementation of the
Cycle 10 reload core desiga, tterefore, will nct adversely affect

the safe cgeration ofbtbe Kewaunee Plant.



Takle 3.3.1

. Ccntrol Fod Misalignment Accident
Feload Safety Current
Parameterx Evaluaticn Value Safety Apalysis
A) FAHN 1.90 < 1.52



3.4 Evaluation of Cropped ERcocd

The release cf a full length ccntrol rod, cor cecatrcl rcd bénk by the
qrirrer coils while the reactor is at power, caus€s the reactor to
become subcritical and prcduces a mismatch between core pcwer and
turbine demand. The drcrping of anmy control rod tank will prcduce a
neqative neutron flux rate trir with no resulting decrease in
therral margins. Drogpring of a single §CCA may or may not result in

a neqative rate trip, and therefcre the radial power distributicn

myst be ccnsidered.

A compariscn of the Cycle 10 FAHK to the cutrent safety amalysis

FAHK limit for the Lropred ERod Accident is presented in Tatle 3. 4. 1.

Since the pertinent parameter from the proposed Cycle 10 reload core
is conservatively tounded Lty that used in the current safety analy-
sis, a dropped rod accident will bte less severe than the tranmnsient
in the current analysis. The ieplementation of the Cycle 10 relocad

core desiqgn, therefore, %ill nct adversely affect the safe operation

of the Kewaunee Flante.

- 24~




Takle 3.4.1

‘ Lropped Rod Accident
Feload Safety Current
Parameter Evaluation Value Safety Analysis
A) FARN 1.71 < 1.92

-25-



3.5 Evaluation of

The malfuncticn of

assunmed tc deliver

Although the Lkoron

parameters in this

Unccntrolled Borcn Dilution

the Chemical and Volume Ccntrcl System (CVCS) 1is

unborated water to the reactor coolant systen.

diluticn rate and shutdown margin are the key

event, additional parameters are evaluated for the

manual reactcr control casea. In this case core thermal linits are

approacked and the

transient is terminated by a reactor trigp on

over~temperature AT.

Taktle 3.5.1 rresents a comparison of Cycle 10 physics analysis results

to the current safety analysis values for the Uuccntrolled Ecron

Dilutior Bccident for refueling and full fpcwer core conditions.

The aprlication of

calculated at HZP,

the reliability factor to the moderator coefficient

no xenon core conditions results in a slightly

positive value. It is anticipated that BCC Startug Physics Test

measuregents will demonstrate that the moderatcr ccefficient will be

negative at orerating conditions.

Since the pertinent parameters from the proposed Cycle 10 relcad core

are conservatively

tounded ty thcse used in the current safety analy-

sis, an uncontrolled bkorcn dilution accident will te less severe than

the transient in the current analysis. The implementation of the

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

safe operatico of the Kewaunee Elant.

-26=




Table 3.5. 1

Uncentrolled Borcn Dilution Accident

Eeloadﬁéafety

PSS -5 P A L4

A)

3)

E)

C)

L)

E)

Shutdcwn Margin 12.0
{ARI)

A . e S e e et W SR e Pl

Moderatcr Tenp. 2o 1#
Coefficient
[oppler Temp. -1.3

Coefficient

Feactivity Imsertion 1.39
Rate ty Boron

Shutdown Margin 2.06

FABM 1.53

¥valgation Values

v

IA

iA

A

v

A

Current
Safety Analysis Units

10.0 %Ap
0.C ECm/9Fm
-1.0 FCm/OFE
1.60 pcm/sec
1.0 %Ap
1. 55

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

i

The startup of an idle reactor ccclamt pump in an oper at ing
rlant would result in the injection of ccld water (from the
idle lcop Lot leg) into the core which causes a rapid

reactivity insertion ané sukbksequent core [cwer increase€.

The moderator temperature coefficient is chosen to maximize
the reactivity effect of the cold water injection. Tofppler
temperaturé coefficient is chosen ccnservatively low (abso-
lute value) to maximize the nuclear pover rise. The powver

distributicn (FPAH) is used to evaluate the core thermal

limit acceptatility.

Table 3.6.1 presents a compariscn of Cycle 10 physics
calculatiorn results to the current safety analysis values

for the Startup of an Inactive lIoop Accident.

Since the pertinent parameters from the prcposed Cycle 10
relcad core are conservatively tounded Lty those used in the
current safety analysis, the startup of an inactive loop
accident will Le less severe ttanm the transiert in the
current analysis. The irplementation of the Cycle 10 relocad
core desiqn, therefore, will nct adversely affect the safe

operation cf the Kewaunee Plant.
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Table 3.6.1

‘ : Startup of an Inactive Loop Accident
Feload Safety Current
Paramecter Fvaluation Values Safety Analysis Units
A) Moderatcr Temp. -36.8 2 -40.0 pcr/O9Fm
Coefficient
B) Coprpler -1.7 < -1.0 pcr/OFf
Coefficiert
C) FAHN 1.53 < 1.5



3.7 Evaluaticn of Feedwater System Malfunction

The malfuncticn of the feedwater system such that the
feedwater temperature 1is decreased or the flow is increased
causes a decrease in the BCS temperature and an attendant
increase in core pover level due to negative reactivity

coefficients and/or ccntrcl systes action.

pininum and maximum moderator ccefficients are evaluated tc
simulate bcth BCL amnd ECI conditions. The doppler reactivi-
ty coefficient is chosen at a mpinimum {aksolute) value to

maximize the nuclear fpower peake.’

A ccmpariscn of Cycle 1C physics calculaticn results to the
current safety analysis values for the Feedwater Systen

Malfunction Accident is rresented in Takle 3.7. 1.

Since the pertinent parameters from the proposed Cycle 10
relcad core are conservatively tcunded by those used in the
current safety analysis, a feeduater system malfunction will
be less severe than the transient in the current apalysis.
The implementation cf the Cycle 10 reload core design,
therefcre, will not adversely affect the safe operation of

the Kewaunee Flant.



R)

B)

<)

D)

Feedwater

Parameter

s e

Moderatcr lemp.
Coefficient

Lorrler Temre.
Coefficient

FAHN
Moderatct Tesnmp.

Coefficient
{maxiopum)

Table 3.7.1

System Pfalfunction Accident

Beload Safety
Evaluation Values

Current
Safety Analysis Units

-32.4
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A

iv

0.0 FCm/9Fm
-1.0 . pCE/OFf
1.55
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3.8 Evaluation of Excessive Lcad Increase

An excessive lcad increase causes a rapid increase in steam
generatcr steam flow. The resulting mismatch ftetmeen core
heat generation and seccndary side lcad derand results in a
decrease in reactor coclant temperature which causes a core
power increase€ due to negative mcderator fecedkack and/cor

contrcl system action.

This event results in a similar transient as that descrited
for the feedwater system malfunction and is therefcre

sensitive to the same parameters.

Table 3.€.1 presents a compparison of Cycle 10 physics
results to the current safety analysis values fcr the

Excessive load Increase Accident.

Since the pertinent parameters fron the proposed Cycle 10
relcad core are conservatively tounded by those used in the
current safety analysis, an excessive lcad increase accident
will be 1less severe than the transient in the current
analysis. The implementaticn cf the Cycle 10 relcad ccre
design, therefore, will nct adversely affect tke safe

operaticn cf the Kesaunee Flant.



A)

B}

C)

L)

Parapeter

Tatle 3.8.1

Excessive Lcad Increase Accident

Feload Safety
Fvaluation Values

A

Moderatcr 7TeRrp.
Coefficient

{ririmum) -2.2
Poderator Tenmp.
Coefticient

{maximunm) -3z.4
Cocrrler Temnp.
Coefficient -1.3
FABN 1.3

IA

v

IA

tA

current
Safety Analysis Units
0.0 pPCE/OFn
=40.0 FCn/%Fm
-1.0 FCm/OFf



3.6 Evaluaticn of loss aof Ioad

A loss of load is encountered through a turbine trip or corplete
loss of external electric lcad. 1o provide a ccnservative assess-
ment cof this event, noc credit is taken for direct turbinesreactor
trip, steam typass, Or Fressurizer fressure control, and tte result
is a rapid rise in steam generator shell side gressure and reactor

cococlant systex temperature.

A pinimum scderator temperature coefficient maximizes the power
transient and heatup prior tc reactcr trip while the large (nega-
tive) dcppler ccefficient retards the power ccast down focllowing
reactor trip. The power distribution (FAH) and scram reactivity are
evaluated to ensure€ thermal marqins are maintained bty the reactor

protection system.

A ccmpariscn c¢f Cycle 1C physics parameters tc the current safety

analysis values for the Icss of Ioad Accident is presented in Takle

3.S5.1.

Since tte pertinent parameters from the prcposed Cycle 10 reload
core are ccnservatively bounded ty those used in the current safety
analysis, a lcss of load accident will be less severe than the
transient in the current analysis. The implesertaticn of the C(Cycle
10 relcad core design, therefore, will nct adversely affect the safe

operationrn cf the Kewaunee Flant.
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aA)

B)

C)

D)

Moderatcr Tenrp.
Coefficient

LCorrler Terr.
Coefficient

FAHN

Scram Wcrth
Versus 1ime

Tatle 3.9.1

Lcss of Load Accident

Feload Safety

Fvaluation Values

2.3

IA

v

IA

current
Safety Analysis Units

0.C FCR/9Fm
-2.32 FCB/OFE
1.5¢



3.10 FEvaluation of loss cf Ncrmal Feedwater

A ccmplete 1lcss of no:mal feeduwater is assumed to cccur due to
pumr failures or valve malfunctions. An additional conservatiseno
is applied bty assuming the reactor ccolant pumps are trigpped,
further deqrading the heat transfer capability cf the stear
qeneratcrs. &hen analyzed in this manner, the accident corres-

ronds to a loss of offsite pover.

The short term effects of the transient are covered by the Loss
of Flow Evaluation {sec. 3.11), while the long term effects,

driven ty decay heat, and assuming auxiliary feedwater additions
and natural circulaticm BECS flcw, have teen shcun nct to produce

any adverse core ccnditicrse.

The Loss cf Feedwater 1Irarsient is not sensitive to core physics
rarameters and therefore no comparisons will ke made for tte

Relcad cafety Evalvation.



3.11 Evaluation of Loss cf Reactor Coclant Flow Due to Pump Trip

The simultaneous loss of power toc both reactor ccclant pumgs
results in a loss ¢f driving head and a flow coast down. The
effect of reduced ccolant flcw is a ragpid increase in core
coolant temperature. Tke reactcr is triprped by cne of several
diverse and redundant siqnals before thermal hydraulic conditicns

approach tkose which could result in fuel damage.

The doppler temperature coefficient is comgared tc the most
negative value since this results in the slowest neutron flux

decay after trip. The moderator temperature ccefficient i=s least

" neqative tc cause a larger poWer rise prior to the trip. TIrir

reactivity and FAH are evaluated to ensure core thermal margin.

Table 3.17.1 rresents a comparison of Cycle 10 calculational
physics parameters to the current safety analysis values fcr the

Loss ¢f Heactcr Coclant Flow Cue to Pump 1Trip Accident.

Since tke pertinent parameters frcm the proposed Cycle 10 reload
core€ are€ ccnservatively kcunded by thcse used in the current
safety analysis, a lcss cf reactor ccolant flow due to pumfp trip
accident will te less severe than the transient in the current
analysis. The implementaticn cf the Cycle 10 relcad core design,
therefore, uill'not adversely affect the safe creration of the

Kewaunee Plarnt.
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a)

B)

)

D)

Table 3. 11.1%

Loss of Reactor Coolant Plow Due to Pump Trip

Moderator Tenmp.
Coefficient

Doppler Tenmnp.
Coefficient

FAHN

Scram Worth
Versus Time

Reload Safety
Evaluvation Values

-2.2 <
-1. 8 2
1. 53 <

See Section 2.3
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0.0 pcm/9Fm
-2.32 pcn/OFf
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3.1z Evaluation of loss cf Reactor Coclant Flcw Due to

Lcckeada EKotor

This accident is an instantanecus seizure of the rotor of a
single reactor coolant pump resulting in a rapid flow
reducticn in the affected loop. 1he sudden decrease in flcw

results in DNB in some fuel rods.

The minimum {absolute value) mcderator temrerature coeffi=-
cient results in the least reduction of ccre pcwer during

the initial transieﬁt; The large neqative doppler tempera-
ture coefficient causes a slower neutron flux decay follow-

ing the trip as does the largqge delayed neutrcn fraction.

Takle 3.12.1 presents a ccmrariscn of Cycle 10 rhysics
rarameters tc the current safety analysis values for the

Locked Fotor Accident.

Since the pertinent paraweters from the fprcpcsed Cycle 10
relcad core are cchservatively tounded Lty those used in the
current safety analysis;ja locked rotor accident will te
less severe than the ttahsient in the'current aralysis. Tte
igplerentation cf the Cycle 10 reload core design, there-
fore, will nct adversely affect the safe operation of the

Kevaunce Flant.
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i)

B)

C)

D)

E)

Loss of Reactor Ccolant Flow Due

Moderatcr Temp.
Coefficient

Coprler Tenmre
Coefficient

[elayed Neutron
Fracticr

Percent Pins >
Limiting FAHN
(CNEE=1.3)

Scrags Wcrth
Versus 1ige

Felocad Safety

R e AL < o i W o N — s, O

Table 3.12.1

0.0C633

24. 4

Section 2.3

tc Locked Rotor

1A

v

1A

Ccurrent
Safety Analysis

Units

C.C

=232

0.0071

40.0

pcr/%Fnm

pcr/9Ff



J.13 Zvaluation of Kain Steam line FKupture

The rupture of a main steam line inside containment at the
exit of the steam qenerator causes an unccntrclled éteam
release and a reducticn in primary system temperature and
pressure. The neqative mcderatcr ccefficient produces a
pcsitive reactivity inserticn and a poténtial return to

criticality after tbhe trirp.

Shutdown marqin and reactivity inserticn from the cccldcwn

are evaluated against thcse used in the accident analysis.

The mirnimur Cycle 10 shutdown margin is ccmpared to that
assumed in the safety analysis in Taktle 3.13.1. Figqure
3.13.1 comrares the Cycle 10 keff versus moderatcr tempera=-
ture at 1C(CC psia tc the current safety amalysis limiting

ccoldown reactivity curve,

Since the pertinent parémeters from the proposed Cycle 10
reload core are conservatively tounded Lty those used in the
current safety analysis, a main steam line rupture accident
will be less severe than the transient in the current
analysis. 1The implementaticn of the Cycle 10 relcad core
desiqn, therefore, will act adversely affect the safe

operation of the Kewaunee Plant.



Table 3.13.1

‘ ' Main Steam Line Rupture Accident
Reload Safety Current
Pacageter Evalvation Value Safety Analysis Unit
a) Shutdcﬁn Margin 2.06 2 2.0 %Ap




VARIATIGN OF REACTIVITY, WITH CORE TEMPERATURE
AT 1000 PSIA FOR THE END OF LIFE RODDED
CORE WITH ONE ROD STUCK (ZERO POWER)

FIGURE 3.13.1
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3.14 Evaluation of Bod Ejection Accidents

The edjected rcd accideat is defined as a failure cf a
ccntrol rcd drive fpressure housing followed by the ejectior

of a RCCA ty the reactecr ccolant systenm ELeESSUr€.

Tables 3.14.1 thru 3.14.4 present the ccmpariscn cf Cycle 10

calculated physics parameters tc the current safety analysis

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

EC1 and ECI core conditicns.

The application of the reliébility factor to the mcderatcr’
coefficient calculated at HZE, ECI, no xenon core conditiors
results in a sliqghtly fcsitive value. It is apticipated
that BCC Startufr Physics Test measurements will demcnstrate
that the mcderator éoefficient will be negative at operating

conditions.

Since the pertiment parameters frcm the prcrosed Cycle 10
relcad ccre are conservatiﬁely tounded by those used in the
current safety analysis, a rod e€jection accident will te
less severe than the transient in the current analysis. The
implementaticn of the Cycle 10 relcad core désign, there=
fore, will not adversely affect tte safe creraticn cf the

Kewaunee Plant.
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a)

B)

o)

L)

F)

G)

Parareter

Moderatcr Termrf.
Coefficient

CLelayed Neutron
Fraction

Ejected Rcd
korth

Loppler Temp.
Coefficient

Prompt Keutrcn
Iifetime

ECN

Scrar Wcrth
Versus 1irne

Takle 3.14.1

HFP, EOL

Felcad Safety

Evaluaticn Values

0.C063

0.CS

~1.3

29.3

2.39

See Section 2.3

1A

iv

1A

tA

v

Fod ¥jection Accidents

Current
Safety Analysis Units

C.C pcm/OFm
0.0055
0.3C %Ap

-1.0 gcm/9Ff
20.0 usec
5.C3



A)

B)

o8

D)

E)

F)

G)

Moderatcr Tenrp.
Coefficient

Celaved Neutron
Fraction

Ejected Rcd
Wcrth

[oprpier Temp.
Coefficient

Proprgpt ANeutrcn
lifetine

FCN

Scrano Wcrtth
versts 1ike

Moderatcr 1emperature Coefficient will be

Startup Testing.

Table 3.14.2

HZE, BOL

FEelcad Safety

Fod Ejecticn Accidents

Current

Evaluation Values Safety Amalysis Units
Zo 1% < C.C ECE/OFnm
0.C0063 2 0.0655
0.53 < 0.91 %Aap

- 1.3 < -1.C pcn/OFf
25.3 2 20.0 usec
5.55 < 11.2

See Section 2.3
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)

B}

C)

L)

E)

F)

G)

Moderatcr Tenmpa
Coefficient

Celayed Neutron
fraction

Fjectedéd Rod
scrth

Loppler Tenp.
Coefficient

Fromgt Neutrcn
Iifetime

FCN

Scrar Kcrth
Versus 1ime

Table 3.14.3

-~ 1. 4¢€

32.1

2. 81

fee Section 2.3

Fod Ejecticn Accidents

IA

v

A

tA

v

iA

Current
Safety Analysis Units
C.C pca/9Fnm
0.0050
0.42 %Ap
-1.0 pcom/OFf
20.0C usec
5.1



A)

B)

<)

L)

E)

F)

E}

Parareter

roderatcr Temra
Coefficient

CLelayed Neutron
Fraction

Fjected Fcod
kcrth

Loppler Tempa
Coefficient

Prompt MNeutrcn
Iifetime

FCN

Scrarg Wcrth
Versus f1ine

Table 3. 14.4

Rod Fjecticn Accidents

HZE, ECI

Felocad Safety

Fvaluation Values

0.0053

0.63

-1. 4€

32.1

Section 2.3

IA

v

A

7

v

A

Current
Safety Analysis

Units

pcm/9%Fm

RhAp

pcu/9Ff

usec



3. 15 Evaluaticn of Fuel Handling Accident

This accident is the sudden release of the gaseous fission
products held within the fuel cladding of cne fuel assembly.
The fracticn cf fissicp gas released is baéed oD a ccnserva-
tive assumgpticn of high povwer in the fuel rods during their

last six weeks of operation.

The maximum FC expected during this period is evaluated

within the restrictions c¢f the rposer distributicn control

procedures.

Table 3. 15.1 presents a ccmpariscn cf the Cycle 10 F(N,
calculated at end of Cycle 10 less 2.0 GWUD,/MTU, ta the

current safety analysis FCN limit for the Fuel Eandling

Accident.

Sirce tte perfinent rarameter from the prcpcesed Cycle 10
relcad core is ccnservatively bcunded by that used in the
current safety analysis, a fuel handling accident will be
less severe than the accident in the curreat analysis. 1The
implementation of the Cycle 10 reload core design, there-

fore, will not adversely affect ttke safe creraticn cf the

Kewaunee Plant.



Takle 3.1%.1

‘ Fyel Handling Accident
Felcad Safety Current
Paraseter EFvaluation Values Safety Analysis
A) FCN 1.56 < 2,53
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3. 16 Evaluation of Loss cf Ccolant Accident

The Loss cf Ccclant Accident is defined as the rupture of
the reactor coolant syster firing or any line conpected to
the systes, ur to and including a double-ended guillotine

rupture of the largest fpire.

The principal parameters which affect the results cf LOCA
analysis are the fuel stcred enerqgy, fuel rod internal
pressures, and decay heat. These rarameters are affected ty

the relcad desiqgn dependent parameters shcun in Tatle

3. 1€.1.

The initial conditicns for the LOCA analyses are assured
thrcugqh limits on fuel design, fuel rod turnup, and power

distributicon control strategies.

Table 3.16.1 presents the comparison cf Cycle 10 thysics
calculation results to the current safety anmalysis values

for the Lcss cf Coclant Accident.

Since thke pertinent parameters from the proposed Cycle 10
reload core are conservatively bounded by those used in the
current safety anralysis, a lcss ocf ccclant accident will Le
less severe than the transient in the current analysis. 1The
implementation of the Cicle 10 reload ccre design, there-
fore, will not adversely affect tte safe cperation of the

Kewaunee Plant.
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Paraseter

A) Scrap Wcrth
Versus Time

B) FQ

Table 3.16.1

Ioss cf Ccclant Accident

Feload Safety
Evaluation Values

See Section 2.3

See Section 3.17

-5%=

current
Safety Analysis




3.17 Power L[istributicn Ccontrol Verificaticn

The total peaking factor FQT relates the maximur lccal fpower
dénsitv tc the core average power density. The F(1 is
determined bty toth the radial and axial power distritutions.
The radial power distriltution is relatively fixed ty the
core lcading pattern design. The axial povwer distrikbution

is controlled tky the procedures defined in Section 2.2 of

this report {9).

Following these procedures, FQT(Z) are determined by calcu~
laticns rerfcrmed at full povwer, equilibrium core condi-
tions, at expcsures 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 FQT(Z).

Fiqure 3.17.1 compares thke calculated FQT {Z), including
gncertainty factcrs, to the FC1(Z) limits. These results
demcnstrate that the pcuer distributions expected during
Cycle 10 operation will nct fpreclude full pcwer creration

under the jpower 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/MT, 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 u3.O4GHD/MT. This change has been
previously reviewed ana accepted for other facilities by tte
NRC. Approval is expected prior to the time that exposures

on Exxon fuel exceed 37.0 GHD/™T.

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.



5.C STATIISTICSE UPDATE

In an ceffort to provide ccntinuing assurance cf the model
applicakility, Cycle € measurements and calculaticns were
added tc the statistics data base prior to model applica-
tions to the Cycle 10 Relcad Apnalysis. The reliakility and
bias factors applicakle to Cycle 10 analyses are fpresented

in Takbles 5.0.71 and Salaz.
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Table £.C.1

Feliatility Factors

Parameter ‘ Reliability Factor
FCN See Table 5.0.2
FoE 4, 3%

Rcd Wcrth 1C.0%

Moderator

Temperature

Coefficient 7.43 ECF/OF
LCoppler

Ccefficient 10.0%

Eoron Worth 5.0%

Lelayed Neutrcn
Parameters 3.0%
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Ccre _level

1

z

1C

11

1«

13

14

16

17

1€

19

N
(V)

[Ecttcm)

{lcg)

Table 5.0.2

FQON Feliability Factcrs

Node
6.091
C.0u44
C.034
C.028
C.034
C.038

6. 46
15.02

13. 3¢
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