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1.0 Reactor Coolant System(RCS)Pressureand Temperature Limits Report (PTLR)

This PressureandTemperatureLimits Report(PTLR) for Byron Unit 2 hasbeenprepared
in accordancewith therequirementsof ByronTS-5.6.6(RCS PressureandTemperature
Limits Report). Revisionsto thePTLR shallbeprovidedto theNRC afterissuance.

TheTechnicalSpecificationsaddressedin this reportarelisted below:

TS-LCO 3.4.3 RCSPressureandTemperature(PIT) Limits; and
TS-LCO 3.4.12 Low TemperatureOverpressureProtection(LTOP)System.

2.0 RCS Pressureand TemperatureLimits

This sectionprovidestheByronUnit 1 HeatupandCooldownLimitations.

ThePTLR limits for ByronUnit 2 weredevelopedusingamethodologyspecifiedin the
TechnicalSpecifications.Themethodologylisted in WCAP-l4040-NP-A,Revision2
(Reference1) wasusedwith thefollowing exception:

a) Useof ASME CodeSectionXI, AppendixG, Article G-2000, 1996Addenda,
b) Useof ASME CodeCaseN-640,“Alternative ReferenceFractureToughnessfor

Developmentof P-T Limit Curves,SectionXI, Division 1”,
c) UseofASME CodeCaseN-588,“Alternative to ReferenceFlaw Orientationof

AppendixG for CircumferentialWeldsin ReactorVessels,SectionXI, Division 1”,
and

d) Eliminationoftheflangerequirementsdocumentedin WCAP-16143-P.

This exceptionto themethodologyin WCAP-14040-NP-A,Revision2 hasbeenreviewed
and acceptedby theNRCin References8, 10, 11 and12.

WCAP-15392,Revision2 (Reference7), providesthebasisfor theByron Unit 2 PIT
curves,alongwith thebestestimatechemicalcompositions,fluenceprojections,and
adjustedreferencetemperaturesusedto determinetheselimits. Theweldmetaldata
integrationfor Byron andBraidwoodUnits 1 and2 is documentedin Reference2.
WCAP-16 143-P,Reference13, documentsthetechnicalbasisfor theeliminationof the
flangerequirements.

2.1 RCSPressureandTemperature(PIT) Limits (LCO3.4.3)

2.1.1 TheRCStemperaturerate-of-changelimits definedin Reference7 are:

a. A maximumheatupof 100°Fin any 1-hourperiod,

b. A maximumcooldownof 100°Fin any 1-hourperiod,and

c. A maximumtemperaturechangeofless thanorequalto 10°Fin any 1-hour
periodduring inservicehydrostaticandleaktestingoperationsabovetheheatup
andcooldownlimit curves.
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2.1.2 TheRCSPIT limits for heatup,inservicehydrostaticand leaktesting,and
criticality arespecifiedby Figure2.1 andTable2.la. The RCSPIT limits for
cooldownareshownin Figure2.2andTable2. lb. Theselimits aredefinedin
WCAP-15392,Revision2 (Reference7). Consistentwith themethodology
describedin Reference1, theRCSPIT limits for heatupandcooldownshownin
Figures2.1 and2.2 areprovidedwithoutmarginsfor instrumenterror. These
limits weredevelopedusing ASME Boiler andPressureVesselCodeSectionXI,
AppendixG, Article G-2000,1996Addenda. Thecriticality limit curvespecifies
pressure-temperaturelimits for coreoperationto provideadditionalmarginduring
actualpowerproductionasspecifiedin 10 CFR50, AppendixG.

ThePIT limits for coreoperation(exceptfor low powerphysicstesting)arethat
thereactorvesselmustbeat atemperatureequalto orhigherthantheminimum
temperaturerequiredfor theinservicehydrostatictest,andat least40°Fhigher
thantheminimumpermissibletemperaturein thecorrespondingPIT curvefor
heatupandcooldown.

2
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MATERIAL PROPERTYBASIS

LIMITING MATERIAL: CIRCUMFERENTIAL WELD WF-447 & NOZZLE SHELL FORGING

LIMITING ART VALUES AT 32 EFPY: 1/4T, 107°F(N-588) & 52°F(‘96 App. G)

3/4T, 89°F(N-588) & 37°F(‘96 App. G)
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Figure 2.1
Byron Unit 2 ReactorCoolant SystemHeatup Limitations (Heatup rates of 100°FIhr)

Applicable for 32 EFPY (Without Margins for Instrumentation Errors)
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MATERIAL PROPERTYBASIS

LIMITING MATERIAL: CIRCUMFERENTIALWELD WF-447 & NOZZLE SHELL FORGING

LIMITING ART VALUES AT 32 EFPY: 1/4T, 107°F(N-588) & 52°F(‘96 App. G)

3/4T, 89°F(N-588) & 37°F(‘96 App. G)
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Figure 2.2
Byron Unit 2 Reactor Coolant SystemCooldown Limitations (Cooldown Ratesof 0,25,50

and 100°FIhr)Applicable for 32 EFPY (Without Margins for Instrumentation Errors)
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Table 2.la
Byron Unit 2 Heatup Data Points at 32 EFPY
(Without Margins for Instrumentation Errors)

Heatup Curve
100 F Heatup Criticality

Limit

LeakTest

Limit

T (°F) P (nsi~ T (°F~ P(nsi~ T (°F~P(nsi~
60 1030 0 95 2000
65 1078 112 1078 112 2485
70 1128 112 1128
75 1 148 115 1148
80 1 152 120 1 152
85 1 162 125 1 162
90 1 180 130 1 180
95 1205 135 1205
100 1237 1237
105 1276 145 1276
110 1323 — 50 1323
115 1377 55 1377
120 1440

—

60 1440
125 1511 165 1511
130 1592 170 1592
135 1682 175 1682
140 1784 180 1784
145 1897 185 1897
150 2023 190 2023
155 2120 195 2120
160 2227 200 2227
165 2347 205 2347
170 2480 210 2480

5
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Table 2.lb
Byron Unit 2 Cooldown Data Pointsat 32 EFPY
(Without Margins for Instrumentation Errors)

CooldownCurves

SteadyState 25 °FCooldown 50 °FCooldown 100 °FCooldown

T (°F~P(nsi~ T (°F~P (nsi~” T (°F~P(nsi~ T (°FI P (nsi~
60 0 60 0 60 0 60 0
60 1045 60 1036 60 1033
65 1092 65 1088
70 1143
75 1200
80 1263
85 1332
90 1409
95 1494
00 1587
05 1691
10 1805

115 1932
120 2071
125 2226
130 2396

Note: Foreachcooldown rate, the steady-state pressure values shall govern the temperature
whereno allowablepressurevaluesareprovided.

6
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3.0 Low Temperature OverpressureProtection and Bottup

This sectionprovidestheByron Unit 2 poweroperatedrelief valvelift settings,low
temperatureoverpressureprotection(LTOP) systemarmingtemperature,and
minimumreactorvesselboltuptemperature.

3.1 LTOP SystemSetpoints(LCO 3.4.12)

Thepoweroperatedrelief valves(PORVs)shalleachhavemaximumlift settingsin
accordancewith Figure3.1 and Table3.1. Theselimits arebasedon References3 and6.

TheLTOP setpointsarebasedon PIT limits whichwereestablishedin accordancewith
10 CFR50, AppendixU withoutallowancefor instrumentationerrorandin accordance
with themethodologydescribedin Reference1. TheLTOP PORVnominallift settings
shownin Figure3.1 andTable3.1 accountfor appropriateinstrumenterror.

3.2 LTOP EnableTemperature

Therequiredenabletemperaturefor thePORVsshall be� 350°FRCStemperature.
(Byron Unit 2 proceduresgoverningtheheatupandcooldownof theRCSrequirethe
armingof theLTOP Systemfor RCStemperatureof 350°Fandbelow anddisarmingof
LTOP for RCStemperatureabove350°F).

Note that the lastLTOPPORV segmentin Table3.1 extendsto 400°Fwherethe
pressuresetpointis 2335psig. This is intendedto prohibit PORV lift for an
inadvertentLTOP systemarmingatpower.

3.3 ReactorVesselBoltup Temperature(Non-TechnicalSpecification)

Theminimumboltuptemperaturefor theReactorVesselFlangeshallbe � 60°F.Boltup
is a conditionin which theReactorVesselheadis installedwith tensionappliedto any
stud,andwith theRCSventedto atmosphere(Reference7).

7
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Figure 3.1
Byron Unit 2 Nominal PORV Setpointsfor the Low Temperature

OverpressureProtection (LTOP) SystemApplicable for the 32 EFPY
(Includes Instrumentation Uncertainty)
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Table 3.1
Data Points for Byron Unit 2 Nominal PORV Setpoints

for the LTOP SystemApplicable for 32 EFPY
(Includes Instrumentation Uncertainty)

599
2335

300
400

639
2335

Note: To determinenominal lift setpointsfor RCS Pressureand RCS Temperatures
greaterthan300°F,linearly interpolatebetweenthe300°Fand 400°Fdatapointsshown
above. (Setpointsextendto 400°Fto preventPORV liftoff from an inadvertentLTOP
systemarmingwhile atpower.)

PCV-455A
(2TY-041 3M)

AUCTIONEEREDLOW RCSPRESSURE
RCSTEMP. (DEG.F) (PSIG)

50 599

PCV-456
(2TY-041 3P)

AUCTIONEEREDLOW RCSPRESSURE
RCSTEMP. (DEG. F) (PSIG)

50 639

9



BYRON - UNIT 2
PRESSUREAND TEMPERATURE LIMITS REPORT

4.0 Reactor VesselMaterial SurveillanceProgram

Thepressurevesselmaterialsurveillanceprogram(Reference4) is in compliancewith
AppendixH to 10 CFR50, “ReactorVesselRadiationSurveillanceProgram.” The
materialtestrequirementsandtheacceptancestandardutilize thereferencenil-ductility
temperature,RT~1,which is determinedin accordancewith ASME Boiler andPressure
VesselCodeSectionifi, NB-2331. TheempiricalrelationshipbetweenRTNDT andthe
fracturetoughnessof thereactorvesselsteelis developedin accordancewith Appendix
G,“ProtectionAgainstNon-DuctileFailure,” to SectionXI of theASME Boiler and
PressureVesselCode. Thesurveillancecapsuleremovalschedulemeetsthe
requirementsof ASTM E185-82.

Thethird andfinal reactorvesselmaterialirradiationsurveillancespecimenshavebeen
removedand analyzedto determinechangesin thereactorvesselmaterialproperties.The
surveillancecapsuletestinghasbeencompletedfor theoriginal operatingperiod. Other
capsuleswill be removedto avoidexcessivefluenceaccumulationshouldtheybeneeded
to supportlife extension.Theremovalscheduleis providedin Table4.1. Thetime of
specimenwithdrawalmaybemodifiedto coincidewith thoserefuelingoutagesor reactor
shutdownsmostcloselyapproachingthewithdrawalschedule.

10
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Table 4.1

Byron Unit 2 CapsuleWithdrawal Schedule

Capsule VesselLocation
(Degrees)

CapsuleLead
Factor

RemovalTime~
(EFPY)

EstimatedCapsule
Fluence(nlcm2)

U 58.5° 4.40 1.15 (Removed) 4.05x 1018

W 121.5° 4.25 4.634(Removed) 1.27x 10’~

X 238.5° 4.25 8.573 (Removed) 2.30 x 1019 (b)

Z 301.5° 4.21 B2R11 (c)
-- (d)

V 61.0° 3.97 B2R11 (c)
-- (d)

Y 241.0° 3.97 Standby(c) ~.

a) EffectiveFull PowerYears(EFPY) fromplantstartup.
b) Maximumend of license (32 EFPY) inner vesselwall fluenceis estimatedto be 2.06x iO’9 nlcm2.
c) Standbycapsuleto beusedfor futurelicenserenewal(derivedfromTable7-1 of WCAP 15176, Reference

9).
d) Capsulehasbeenremovedand storedin the spentfuel pool. Since the capsule hasnot beenanalyzedthe

fluencehasnotbeenestimated.

11
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5.0 SupplementalData Tables

Thefollowing tablesprovidesupplementalinformationon reactorvesselmaterial
propertiesandareprovidedto be consistentwith GenericLetter96-03. Someof the
materialpropertyvaluesshownwereusedasinputsto thePIT limits.

Table5.1 showsthecalculationof thesurveillancematerialchemistryfactorsusing
surveillancecapsuledata.

Table5.2 providesthereactorvesselmaterialpropertiestable.

Table5.3 providesa summaryof theByron Unit 2 adjustedreferencetemperature(ARTs)
at the l/4T and3/4Tlocationsfor 32 EFPY.

Table5.4 showsthecalculationof ARTs at 32 EFPYfor the limiting Byron Unit 2
reactorvesselmaterial,i.e. weldmetal HT #442002,(Basedon SurveillanceCapsule
Data).

Table5.5 providesRTpTSvaluesfor Byron Unit 2 for 32 EFPYobtainedfrom Reference
5.

Table5.6 providesRTpTS valuesfor Byron Unit 2 for 48 EFPYobtainedfrom Reference
5.

12
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Table 5.1

Byron Unit 2 Calculation of Chemistry Factors UsingSurveillanceCapsuleData (a)

Material Capsule Capsulef ~ FF~ ARTNDT~d) FF*L~RTNDT FF2

Lower Shell Forging

49D330/49C298-1-l

(Tangential)

U 4,05*1018 0.749 0.0 0 0.561

W 1.27*1019 1.067 3.65 3.89 1.138

X 2.30*1019 1.225 15.75 19.29 1.500

Lower Shell

Forging49D33O/

49C298-l-l

U 4.05*1018 0.749 19.76 14.80 0.561

W 1.27*1019 1.067 31.88 34.02 1.138

X 2.30*1019 1.225 38.91 47.66 1.500

Sum: 119.66 6.398

CFFO~8ifl8= ~(FF ~ RTNDT) ÷~( FF~)= (119.66)÷ (6.398)= 18.7°F

Byron 1 Weld

Metal WF-336

(Heat#442002)

U 4.O4xlO’8 0.749 11.22(5.61) (e) 8.40 0.561

X 1.57x10’9 1.125 80.22(40.l1)~ 90,25 1.266

W 2.43x1019 1.239 102.68(51.34)~ 127.22 1.535

Byron 2 Weld

Metal WF-447

(Heat#442002)

U 4.05x10’8 0.749 16.88(8.44) (e) 12.64 0.561

W 1.27 xlO’9 1.067 57.76(28.88)~ 61.63 1.138

X 2.30x l0’~ 1.225 108.02(54.01) (e) 132.32 1.500

SUM: 432.46 6.561

CF = ~(FE * ART~1)÷~( FF~)= (432.46)+ (6.561) = 65.9°F

a) Reference7, Table4-8
b) f= Calculatedfluence,(x 1019 n/cm2,E> 1.0MeV)
c) FE = fluencefactor = f(0.280.1*logf)

d) L~RTNDTvaluesarethemeasured30 ft-lb shift valuestakenfrom Ref. 9
e) AdjustedARTNDT per RatioProcedureof RegulatoryGuide1.99,Rev, 2. Ratio= 2.0. SeeTable4-9 of WCAP

15392,Revision2. (Reference7).

13
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Table 5.2

Byron Unit 2 ReactorVesselMaterial Properties ~

.

Material Description Cu (%)
.

Ni (%)
Initial

~,

RT NDT ( I’)

ClosureHeadFlange5P7382/ 3P6407 -- 0.71 0
VesselFlange124L556VA1 -- 0.70 30

NozzleShellForging4P-6107 0.05 0.74 10
Inter. ShellForging49D329-l-1/49C297-1-1 0.01 0.70 -20
LowerShellForging49D330-1-1/49C298-l-1 0.06 0.73 -20
CircumferentialWeldWF-447(HT#442002) 0.04 0.63 10

UpperCircumferentialWeldWF-562(HT#442011) 0.03 0.67 40
Byron Unit 1 SurveillanceProgram

WeldMetal (Heat#442002)
002

~
0 69~ --

Byron Unit 2 SurveillanceProgram
WeldMetal (Heat# 442002)

002~ 071~ --

BraidwoodUnits 1 & 2 SurveillanceProgram
WeldMetal (Heat#442002) 0 03

~
0.67,
0.71

a) Reference7.

b) Initial RTNDT valuesarebasedon measureddata.

14
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Table 5.3

Sununary ofByron Unit 2 Adjusted ReferenceTemperatures(ARTs)
at 1/4T and 3/4T Locations for 32 EFPY~

MaterialDescription

32EFPY

1/4T ART(°F) 3/4T ART(°F)

IntermediateShellForging49D329-1/49C297-1
(RG_Position_1_(b))

22 11

Lower ShellForging49D330-l/49C298-l
(RU_Position_1~)

53 37

Usingcapsuledata(RG Position2~) 17 9

CircumferentialWeldWF-447(HT# 442002)
(RU_Position_1(b))

123 93

Usingcrediblesurveillancecapsuledata
(RG_Position_2(b)) 107 89

NozzleShellForging4P-6107
(RG_Position_1_(b))

52(c) 37(C)

NozzleShellto IntermediateShellWeldWF-562
(HT #442011)

96 76

Usingcrediblesurveillancecapsuledata
(RU Position

2
(b))

75 63

(a) Fluence,f, is basedupon f~~1-~(E>1 .0Mev) = 2.06x10’~at 32 EFPY, Reference7.
(b) Calculatedusing a chemistryfactorbasedon RegulatoryGuide(RG) 1.99,Positions1 and2, as reported

in WCAP-15392,Revision2 (Reference7).
(c) TheseART valueswereusedto generatethe Byron Unit 2 Heatupand CooldownCurves,WCAP-15392

Revision2 (Reference7).

15
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Table 5.4

Byron Unit 2 Calculation of Adjusted ReferenceTemperatures
(ARTs) at 32 EFPYat theLimiting Reactor VesselMaterial, Nozzle

Shell Forging 4P-6107 ~

Parameter Values
OperatingTime 32 EFPY

Location~ l/4T ART(°F) 3/4TART(°F)
ChemistryFactor,CF (°F) 31.0 31.0

Fluence(f),nlcm2

(E>1.0_Mev)~
3.13xl0’8 1.l3xlO’8

FluenceFactor,FF 0.681 0.442
ARTNDT=CFXFF(°F) 21.1 13.7
Initial RTNDT,, I (°F) 10 10

Margin,M(°F) 21.1 13.7
ART= I~f~(CF*FF)+M,°F
perRG 1.99,Revision2

52 37

(a) WCAP 15392,Revision2, Reference7.
(b) The Byron Unit 2 reactorvesselwall thicknessis 8.5 inchesat thebeltline region.
(c) Fluence,f, is baseduponf~(E>1.0Mev) = 2.06x10’9at 32 EFPY,Reference7.

16
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Table 5.5

RTp’rs Calculation for Byron Unit 2 Beltline Region Materials at EOL (32 EFPY) ~

Material Fluence
(1O”n/cm2,

E>1.OMeV)

FF CF

(°F)

ARTp.~
(°F)

Margin (°F) RTNDT(U~

(°F)

RTp’i~

(°F)

IntermediateShell Forging 2.06* 10’~ 1.20 20 23.8 23.8 -20 28

Lower ShellForging

Lower ShellForgingUsing S/C
Data~

2.06* 1019

2.06* 1019

1.20

1.20

37

18.7

44.0

22.3

34

17

20

-20

58

19

Nozzle Shell Forging 5.22 * 1018 0.818 31 25.0 25 10 60

Inter, to Lower ShellCirc. Weld

Inter, to Lower ShellCirc. Weld
Using S/CData~

2.03 * ~

2.03 * 1019

1,19

1.19

54

65.9

63.7

77.8

56

28

10

10

130

116

Nozzle Shellto Inter. Shell Circ.
Weld
Nozzle Shellto Inter. Shell Circ.
Weld UsingS/CData~

5.22 * 1018

5.22 * 1018

0.8 18

0.8 18

41

16.7

33.1

13.5

33.1

13.5

40

40
~

106

67

(a) Fluenceprojectionsfor 32 EFPYfrom Byron 2 PTSreport, WCAP-15177 (Reference5)
(b) Limiting RTp~~5is significantly lessthan thePTS ScreeningCriteriaof 300 °F.
(c) ART~5= CF*FF
(d) Initial RTNDT valuesaremeasuredvalues(SeeTable5.2)
(e) RTpTS= RTNDT(u) + ARTPTS + Margin (°F)
(1) Calculatedusinga CF basedon surveillancecapsuledataper RG 1.99, Position2.

17
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Table 5.6

RTprs Calculation for Byron Unit 2 Beltline Region Materials at Life Extension(48 EFPY) ~

Material Fluence
(1019n/cm2,

E>1.OMeV)

FF CF
(°F) (°F)

Margin (°F) RTNDT(IJ)(d)

(°F) (°F)

IntermediateShellForging 2.98 * 10’~ 1.29 20 25.8 25.8 20 32

Lower Shell Forging

Lower ShellForgingUsingS/C
Data~

2.98 * 10’~

2.98* lO’~

1.29

1.29

37

18.7

47.7

24.1

34

17

20

-20

62

21

Nozzle ShellForging 7,53*1018 0.920 31 28.5 28.5 10 67

Inter. to Lower Shell Circ. Weld

Inter, to Lower ShellCirc. Weld
Using S/CData~

2.93 * iO’9

2.93 * 1019

1.29

1.29

54

65.9

69.7

85

56

28

10

10

136

123

NozzleShell to Inter. Shell Circ.
Weld
NozzleShell to Inter. Shell Circ.
WeldUsingS/C Data~~

753*1018

753*1018

0.920

0.920

41

16.7

37,7

15.4

37,7

15.4

40

40

115

71

(a) The fluencefor 48 EFPY(Reference5) did not incorporatethe 5% increase.However, this fluencevalue is
greaterthan theend-of-lifefluence(32 EFPY).

(b) Limiting RT~5is significantly lessthan thePTS ScreeningCriteriaof 300 °F.
(c) ARTpTS = CF*FF
(d) Initial RTNDT valuesare measuredvalues(SeeTable5.2)
(e) RT~5= RTNrJT(U) + ARTPTS + Margin (°F)

(1) Calculatedusinga CF basedon surveillancecapsuledataper RG 1.99, Position2.

18
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