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1.0 Reactor CoolantSystem(RCS) Pressureand Temperature Limits Report (PTLR)

This PressureandTemperatureLimits Report(PTLR) for Byron Unit I hasbeenpreparedin
accordancewith therequirementsof Byron TS 5.6.6(RCSPressureandTemperatureLimits
Report). Revisionsto thePTLR shallbe providedto theNRC afterissuance.

TheTechnicalSpecificationsaddressedin this report arelisted below:

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

2.0 RCS Pressureand Temperature Limits
This sectionprovidesthe ByronUnit I HeatupandCooldownLimitations.

ThePTLR limits for Byron Unit I were developedusingamethodologyspecifiedin the
TechnicalSpecifications.Themethodologylisted in WCAP-14040-NP-A,Revision2
(Reference1) wasusedwith thefollowing exceptions:

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

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

AppendixG for CircumferentialWeldsin ReactorVessel,SectionXI, Division 1”, and
d) Eliminationoftheflangerequirementsdocumentedin WCAP-16143-P.

Theseexceptionsto themethodologyin WCAP-14040-NP-A,Revision2 havebeen
reviewedand acceptedby theNRC in References6. 10, 11 and 12.

WCAP-15391,Revision1, Reference7, providesthebasisfor theByron Unit I PIT curves,
alongwith thebestestimatechemicalcompositions,fluenceprojections,andadjusted
referencetemperaturesusedto determinetheselimits. Theweld metaldataintegrationfor
ByTon and BraidwoodUnits 1 and2 is documentedin Reference2. WCAP-16143-P,
Reference13, documentsthetechnicalbasisfor theeliminationof theflangerequirements.

2.1 RCSPressureandTemperature(PIT) Limits (LCO 3.4.3)

2.1.1 TheRCStemperaturerateof-changelimits definedin Reference7 are:

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

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

c) A maximumtemperaturechangeof lessthanorequalto 10°Fin any 1-hour
periodduring inservicehydrostaticand leaktestingoperationsabovetheheatup
andcooldownlimit curves.
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2.1.2 TheRCS P/T limits for heatup,inservicehydrostaticandleaktesting,andcriticality
arespecifiedby Figure2.1 andTable2.Ia. TheRCS P/T limits for cooldownare
shownin Figure2.2 and Table2.lb. Theselimits aie definedin WCAP 15391.Rev.
I (Reference7). Consistentwith themethodologydescribedin Reference1, theRCS
PIT limits for heatupandcooldownshownin Figures2.1 and2.2 areprovided
without marginsfor instrumenterror. Theselimits weredevelopedusingASME
Boiler andPressureVesselCodeSectionXI, AppendixG, Article G-2000,1996
Addenda.Thecriticality limit curvespecifiespressure-temperaturelimits for core
operationto provideadditionalmarginduringactualpowerproductionasspecifiedin
10 CFR50, AppendixG.

ThePIT limits for coreoperation(exceptfor low powerphysicstesting) arethat the
reactorvesselmustbe atatemperatureequalto orhigherthantheminimum
temperaturerequiredfor the inservicehydrostatictest,andat least40°Fhigherthan
theminimumpermissibletemperaturein thecorrespondingPIT curvefor heatupand
cooldown.
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MATERIAL PROPERTYBASIS

LIMITING MATERIAL: INTERMEDIATE SHELL FORGING

LIMITING ART VALUES AT 32 EFPY: 1/41. 1O6~F
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Figure 2.1
Byron Unit 1 Reactor CoolantSystemHeatup Limitations (Heatup rates of 100°F/br)

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

LIMITING MATERIAL: INTERMEDIATE SHELL FORGING

LIMITING ART VALUES AT 32 EFPY: 1141. 106°F

3/4T. 97°F
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Figure 2.2
Byron Unit 1 Reactor Coolant SystemCooldown Limitations (Cooldown rates of0,25,50 and

100°F/br)Applicable for 32 EFPY (Without Margins for Instrumentation Errors)
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Table 2.la
Byron Unit 1 HeatLip Data Points at 32 EFPY

(Without Margins for Instrumentation Errors)

Heatup Curve
100 FHeatup Criticality

Limit

LeakTest

Limit

T(°F~ Ptn~ie~T°F) P(nsi~ T°F~ P(nsigl
60 0 166 0 149 2000
60 720 166 720 166 2385
65 720 166 720
70 720 166 720
75 720 166 720
80 720 166 720
85 720 166 720
90 720 166 720
95 720 166 723
100 723 166 729
105 729 166 737
110 737 166 749

— 15 749 166 764
20 764 166 781

125 781 170 802
130 802 175 826
135 826 180 854
140 854 185 886
145 886 190 921
150 921 195 962
155 962 200 1007
160 1007 205 1057
165 1057 210 1113
170 1113 215 1175
175 1175 220 1244
80 1244 225 1321
85 1321 230 406
90 1406 235 ,499

195 1499 240 1603
200 1603 245 1718
205 718 250 1844
210 844 255 1984
215 1984 260 2138
220 2138 265 2308
225 2308
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Table 2.lb
Byron Unit 1 Cooldown DataPoints at 32EFPY
(Without Margins for Instrumentation Errors)

Cooklown Curves
Steady State 25 F Cooldown 50 °FCooldown 100 F Cooldown

T(~fl P(nsip~ T(°F~ P~nsi~ T( F~ P(nsi~ T(F~ P(nsi~
60 0 60 0 60 0 60 0
60 753 60 709 60 665 60 581
65 769 65 726 65 685 65 606
70 787 70 746 70 706 70 633
75 806 75 767 75 730 75 663
80 827 80 791 80 757 80 697
85 85! 85 817 85 786 85 735
90 877 90 846 90 819 90 777
95 906 95 879 95 855 95 823
100 937 100 914 100 895 100 874
105 973 105 954 105 940 105 931
110 1011 110 997 110 989
115 1054 115 1045 115 1043
120 1102 120 1099
125 1154
130 1212
135 1276
140 1347
145 1425
ISO 1512
155 1607
160 1713
165 1829
170 1958
175 2101
180 2258
185 2433

Note: Foreachcooldownrate, the stead)-statepressurevaluesshall governthe temperature

whereno allowablepressurevaluesareprovided.

6
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3.0 Low Temperature OverpressureProtection and Boltup

This sectionprovidestheByron Unit 1 poweroperatedrelief valvelift settings,
low temperatureoverpressureprotection(LTOP) systemarmingtemperature,and
minimumreactorvesselboltuptemperature.

3.1 LTOP SystemSetpoints(LCO 3.4.12)

Thepoweroperatedrelief valves(PORVs)shalleachhavemaximumlift settings
in accordancewith Figure3.1 and Table3.!. Theselimits arebasedon References
3 and5.

TheLTOP setpointsarebasedon P/T limits that wereestablishedin accordance
with 10 CFR50,AppendixG without allowancefor instrumentationerror. The
LTOP setpointsweredevelopedusing themethodologydescribedin Reference1.
TheLTOP PORV nominallift settingsshownin Figure3.1 andTable 3.1 account
for appropriateinstrumenterror.

3.2 LTOP EnableTemperature

Therequiredenabletemperaturefor thePORVsshallbe � 350°FRCS
temperature.(ByronUnit I proceduresgoverningtheheatupandcooldownof the
RCSrequirethearmingof theLTOP Systemfor RCStemperatureof 350°Fand
below anddisarmingof LTOP for RCStemperatureabove3 50°F).

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

3.3 ReactorVesselBoltupTemperature(Non-TechnicalSpecification)

Theminimumboltuptemperaturefor theReactorVesselFlangeshallbe� 60°F.
Boltup is aconditionin which theReactorVesselheadis installedwith tension
appliedto any stud,andwith theRCS ventedto atmosphere(Reference7).

7
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OverpressureProtection (LTOP) SystemApplicable for 32 EFPY

(Includes InstrumentationUncertaint~)

2335 psig

Unacceptable Operation

PCV~456

PCV-455A

100 150 200 250 300

Auctioneered Low ACS Temperature (DEG, F)

8



BYRON - UNIT 1
PRESSUREAND TEMPERATURE LIMITS REPORT

Table 3.1
Data Points for Byron Unit 1 Nominal PORV Setpoints

for theLTOP SystemApplicable for 32 EFPY
(Includes Instrumentation Uncertainty)

PCV-455A
(1 TY-04 1 3M)

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

60 541
300
400

541
2335

PCV-456
(ITY-041W)

AUCTIONEEREDLOW
RCSTEMP. (DEG.F)

60

300
400

RCSPRESSURE
(PSIG)

595
595
2335

Note: To determinenominal lift setpointsfor RCS PressureandRCSTemperaturesgreater
than 300°F,linearly interpolatebetweenthe 300°Fand 400°Fdatapoints shownabove.
(Setpointsextendto 400°Fto preventPORV liftoff from an inadvertentLTOP system
armingwhile at power.)

9
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4.0 Reactor VesselMaterial SurveillanceProgram

Thepressurevesselmaterialsurveillanceprogram(Reference14) is in compliancewith
AppendixH to 10 CFR50, “ReactorVesselRadiationSurveillanceProgram.” Thematerial
testrequirementsandtheacceptancestandardsutilize thereferencenil-ductility temperature.
RT~DT,which is determinedin accordancewith ASME Boiler andPressureVesselCode,
SectionIII, NB-2331. TheempiricalrelationshipbetweenRTNDT andthefracturetoughness
of thereactorvesselsteelis developedin accordancewith AppendixG, “ProtectionAgainst
Non-DuctileFailure,” to SectionXI of theASME Boiler andPressureVesselCode.The
surveillancecapsuleremovalschedulemeetstherequirementsof ASTM E185-82.

Thethird andfinal reactorvesselmaterialirradiationsurveillancespecimenshavebeen
removedandanalyzedto determinechangesin thereactorvesselmaterialproperties.The
surveillancecapsuletestinghasbeencompletedfor theoriginaloperatingperiod. Other
capsuleswill be removedto avoidexcessivefluenceaccumulationshouldtheybe neededto
supportlife extension.Theremovalscheduleis providedin Table4.1. Thetimeof
specimenwithdrawalmaybe modified to coincidewith thoserefuelingoutagesorreactor
shutdownsmostcloselyapproachingthewithdrawalschedule.

10
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Table 4.1

Byron Unit 1 CapsuleWithdrawal Schedule

Capsule VesselLocation
(Degrees)

CapsuleLead
Factor

ReniovalTime~
(EFPY)

EstimatedCapsule
Fluence(n/cm2)

U 58.5° 4.22 1.15 (Removed) 4.04x 10’s

X 238.5° 4.27 5.64 (Removed) 1.57 x 1019

W 121.5° 4.20 9.24 (Removed) 2.43 x

Z 301.5° 4.20 B1R12~ (d)

V 61.0° 3.97 B1R12 (C)
-- (d)

Y 241.0° 3.97 Standby(c) .~

a) EffectiveFull PowerYears(EPPY) fromplant startup.
b) Maximumend of license(32 EFPY) inner vessel wall fluenceis estimatedto be2.02 x 1 0~nlcm2.
c) Standby capsule to be used for future licenserenewal(Derived from WCAP 15123,Rev. 1) (Reference15).
d) Capsule removed and is stored in the spent fuel pool. Capsule has not been analyzed and therefore capsule

fluence has not been estimated.

11
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5.0 SupplementalData Tables

Thefollowing tablesprovidesupplementalinformationon reactorvesselmaterialproperties
and areprovidedto beconsistentwith GenericLetter96-03. Someof thematerialproperty
valuesshownwereusedasinputsto theP/T limits.

Table5.! showsthecalculationof thesurveillancematerialchemistryfactorsusing
surveillancecapsuledata.

Table5.2 providesthereactorvesselmaterialpropertiestable.

Table5.3 providesa summaryof theByron Unit 1 adjustedreferencetemperature(ARTs) at
the 1/4T and3/4T locationsfor 32 EFPY.

Table5.4 showsthecalculationof ARTs at32 EFPYfor the limiting Byron Unit 1 reactor
vesselmaterial(IntermediateShellForging5P-5933).

Table5.5 providesRTp1’s valuesfor ByronUnit 1 for 32 EFPYobtainedfrom Reference4.

Table5.6 providesRTprs valuesfor Byron Unit 1 for 48 EFPYobtainedfrom Reference4.

12
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Table 5,1

Byron Unit 1 Calculation of Chemistry Factors UsingSurveillanceCapsuleData La)

Material Capsule Capsulef~ FF(C) L~RT~DT~d) FF*ART~DT FF2

Inter. Shell

Forging5P-5933

(Tangential)

U 4.O4~l0’~ 0.748 28.55 21.36 0.560

X l.57xl0’9 1.124 9.82 11.04 1.263

W 2.43xl0’9 1.239 49.20 60.96 1.535

Inter. Shell

ForgingSP-5933

(Axial)

U 4.04xl0’~ 0.748 18.52 13.85 0.560

X l.57x10’9 1.124 53.03 59.61 1.263

W 2.43x10’9 1.239 29.34 36.35 1.535

Sum: 203.17 6.716

CFFo~gjng= ~ ~ARTNDT) ÷ ~(~2) (203.17)÷ (6.716) 30.3°F

Byron I Weld

Metal WF-336

(Heat#442002)

U 4.04x10’8 0.749 11.22 (5.61) ~ 8.40 0.561

X 1.S7xlO’9 1.125 80.22(40.1l)~ 90.25 1.266

W 2.43x10’9 1.239 102.68 (51.34) ~ 127.22 1.535

Byron 2 Weld

Metal WF-447

(Heat#442002)

U 4.OSx1018 0.749 16.88 (8.44) Le) 12.64 0.561

W 1.27xlO’9 1.067 57.76(28.88)~ 61.63 l.138

X 2.30x i~’~ 1.225 108.02 (54.0l)~ 132.32 1.500

SUM: 43~46 6.561

CF= ~(FF * ART\Dr) ± ~( FF2) (432.46)÷ (6.561)= 65.9°F

a) Reference7, Table4-9
b) f = Calculatedfluence,( x I ~ n/cm~,E> 1.0 MeV)
c) FE = fluencefactor= ~ 0.1 log ~

d) ART~01values are the measured 30 ft-lb shift values
e~ AdjustedART~,)lperRatioProcedureof RegulatoryGuide1.99. Rev.2. Ratio 2.0. SeeTable4-9 of WCAP

15391, Rev. I (Reference 7).

13
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Table 5.2

Byron Unit 1 Reactor Vessel1\’Iaterial Properties (a)

MaterialDescription Cu (%) Ni (%) InitialRT NDT oFb

ClosureHeadFlange124K358VA1 -- 0.74 60
VesselFlange123J219VA1 -- 0.73 10

NozzleShellForging 123J218 0.05 0.72 30
IntermediateShellForging5P-5933 0.04 0.74 40

LowerShellForging5P-5951 0.04 0.64 10
Intermediateto Lower ShellForgingCirc.

WeldSeamWF-336(Heat# 442002)
0.04 0.63 -30

NozzleShell to IntermediateShellForging
Circ. Weld SeamWF-501(Heat#442011)

0.03 0.67 10

Byron Unit 1 SurveillanceProgram
WeldMetal (Heat# 442002)

0.02 0.69 --

ByronUnit 2 SurveillanceProgram
Weld_Metal_(Heat_#442002)

0.02 0.71 --

BraidwoodUnits 1 & 2 Surveillance
ProgramWeldMetals(Heat#442011)

0.03
0.67,
0.71 --

a) Reference7.

b) The initial RTNDT values for the plates and welds are based on measured data.

14
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Table 5,3

Summary of Byron Unit 1 Adjusted ReferenceTemperatures(ARTs) at
1/4T and 3/4T Locations for 32 EFPY~

MaterialDescription

32 EFPY

I/4T ART(°F) 3/4TART(°F)

IntermediateShellForging5P-5933

- UsingSurveillanceData(b)

95 80

106~ 97(c)

Lower ShellForging5P-5951 65 50

CircumferentialWeldWF-336 82 52

- UsingCredibleSurveillanceData~ 67 48

CircumferentialWeldWF-501

- UsingCredibleSurveillanceData
from Braidwood 1 and2

69 49

47 34

NozzleShellForging123J218 75 59

(a) Fluence,f, is basedupon ~U[f (E> 1.0MeV) = 2.02x 1010 at 32 EFPY(Reference7>.

(b) Calculatedusinga chemistryfactorbasedon RegulatoryGuide(RG) 1.99, Revision2. Position2 along

with a full margin sinceit wasdeterminedthat this datawasnotcredibleand the Tablechemistryfactor

was non conservative(Reference8).

(c) TheseART valueswere usedto generatetheByron Unit 1 32 EFPYheatupandcooldowncurves

(Reference7).

(d) Calculatedusing thechemistryfactorfrom the ByronUnit I and2 integratedsurveillancedataas

reportedin WCAP-l539l (Reference7).

15
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Table 5.4

Byron Unit 1 Calculation of Adjusted ReferenceTemperatures
(ARTs) at 32 EFPY at the Limiting Reactor VesselMaterial,

Intermediate Shell Forging SP-5933(ConservativelyBasedon
SurveillanceCapsuleData)~

Parameter Values
OperatingTime 32 EFPY

Location~ l/4T ART(°F) 3/4T ART(°F)
ChemistryFactor,CF (°F) 30.3 30.3

Fluence(f),n/cm
l.21x10’9 4.37x10’8

FluenceFactor,FF 1.053 0.770
LXRTNDT= CFxFF(°F) 31.9 23,3
Initial RT NDT,, I (°F) 40 40

Margin. M (°F) 34 34
ART= I+(CF*FF)+M,°F
per_RG_1.99,_Revision2

106 97

a) WCAP 15123 (Reference15)
b) The Byron Unit 1 reactorvesselwall thicknessis 8.5 inchesat the beltline region.
c) Fluence,f. is basedupon f~LLf,(E>l .0Mev) 2.O2x 10’~at 32 EFPY(Reference7).

16
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Table 5.5

RTPTS Calculation for Byron Unit 1 Beitline Region Materials at EOL (32EFPY) (a)

Material Fluence
(10~n/cm2,
E>1.OMeV)

FF CF
(°F)

L~RTPTs”~

(°F)

Margin (°F) RT\DT)c)1°

(°F)

RTPTS(d)

(°F)

IntermediateShell ForgingSP-
5933
IntermediateShellForging5P-
5933 usingS/CData~°

1.95 ~ IO’~

1.95 ~ 10’~

1.18

1.18

26.0

30.3

30.7

35.8

30.7

34

40

30

101

110

Lower shellForging5P-5951 1.95 ~ i~’~ 1.18 26.0 30.7 30.7 10 71

Inter. To Lower ShellCirc. Weld
Metal WF-336 (442002)
Inter. To Lower Shell Circ. Weld
Metal (442002)usingS/CData~°

1.95 ~ 10”

1.95~ 1010

1.18

1.18

54.0

65.9

63.7

67.6

56

28

-30

-30

90

66

Nozzle Shell Forging173J2l8 5.83 ~ lO~ 0.849 31.0 26.3 26.3 30 83

NozzleShellto Inter. Shell Circ.
Weld Metal WF-50l (442011)

5.83 ~ 1O’~ 0.849 41.0 34.8 34.8 10 80

Nozzle Shell to inter. Shell Circ.
Weld Metal (442011)usingS/C
Data

5.83 x 10’s 0.849 16.7 14,2 14.2 10 38

(a) Limiting RTN-s is significantly lessthan thePTS ScreeningCriteriaof 270°F.
(b) ARTprs = CF*FF
(c) Initial RT~Dlvaluesare measuredvalues.
(d) RTvrs = RT\,)T)tJ) + ART,~5+ Margin ( F)
Ic) Surveillancedatais considerednot credible,however,sincethe chemistryfactortCF) from theReg. GuideTables

(Pos. 1.1) is lower (i.e. CF via Pos.2.1 > CF via Pos.1.1), then thePos.2.1 CF is usedto determinePTS with a
full o~margin term. i.e. 17 T.

(f) Basedon Byron Unit 1 and 2 integratedsurveillancedatachemistryfactorfrom WCAP- 15178 (Reference9).

17
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Table5.6

RTpTS Calculation for Byron Unit 1 Beltline Region Materials at Life Extension(48 EFPY) ~

Material Fluence
(IO’9n/cm2,

E>1.0MeV)

FF CF
(°F)

~RTp1s~

(°F)
Margin

(°F)

,,,R t
’~DT)~)

(°F)
RT~15~

(°F)

IntermediateShell Forging5P-
5933
IntermediateShellForgingSP-
5933 usingS/CData~

2.91 ~ l0’~

2.91 ~ 10”

1.28

1.28

26.0

30.3

33,3

38.8

33,3

34

40

40

107

113

Lower shellForging5P-595l 2.91 .~ 10”’ 1.28 26.0 33,3 33,3 10 77

Inter. To Lower Shell Circ. Weld
Metal WF-336(442002)
Inter. To Lower Shell Circ. Weld
Metal (442002)usingS/CData~

2.91 ~ ~“’

2.91 ~ 10”’

1.28

1.28

54.0

65.9

69.1

84.4

56

28

-30

-30

95

82

NozzleShellForging l23J2l8 8.70x l0’~ 0.961 31.0 29.8 29.8 30 90

Nozzle Shell to inter.ShellCirc.
Weld Metal WF-501 (442011)
NozzleShell to Inter. Shell Circ.
Weld Metal (44201l)usingS/C
Data

8.70~ lO’~

8.70x 1018

0.961

0.961

4l.0

16.7

39,4

16.0

39,4

16.0

10

10

89

42

(a) The fluencefor 48 EFPY (Reference4) did not incorporatethe5% increase.However, this fluencevalue is
greaterthan theend-of-lifefluence(32 EFPY).

(b) Limiting RT,rrsis significantly lessthan thePTSScreeningCriteria of 270 °F.
(c) ~\RT~5 = CF*FF
(d) Initial RT~,valuesare measuredvalues.
(C) RT~15 RT~DT(t~)+ ~RT~15+ Margin (°F)
(f) Sur~ei1lancedatais considerednotcredible,however,sincethe chemistryfactor (CF) from the Reg.Guide Tables

(Pos. I . 1) is lower(i.e. CF via Pos.2.1 > CF via Pos.1.1), thenthe Pos.2.1 CF is usedto determinePTSwith a full
o~margin term.i.e. 17 F.

(g) Basedon Byron Unit I and2 integratedsurveillancedatachemistry factor from WCAP-15178 (Reference9).
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