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PREFACE

This report has been technically reviewed and verified by: ' S
"T.J. Laubham Wﬁ&
77

An error was detected in the “OPERLIM” Computer Program that Westinghouse uses to generate pressure-
temperature (PT) limit curves. This error potentially effects the heatup curves when the 1996 Appendix G
Methodology is used in generating the PT curves. It has been determined that WCAP-15130 Rev. 0 was
impacted by this error. Thus, this revision provides corrected curves from WCAP-15130 Rev. 0.

Revision 1:

Note that only the heatup curves and associated data point tables have changed. The cdo)down curves and
data points remain valid and were not changed.
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LEGAL NOTICE

This report was prepared by Westinghouse as an account of work sponsored by the
Waestinghouse Owners Group (WOG). Neither the WOG, any member of the WOG,
Westinghouse, nor any person acting on behalf of any of them: .

(A) Makes any warranty or representation whatsoever, express or implied, (I) with respect to the
use of any information, apparatus, method, process, or similar ltem disclosed in this report,
_ including merchantabmty and fitness for a particular purposs, (ll) that such use does not
~ infringe on or interfere with privately owned rights, mcludmg any party’s intellectual prOperty.

" or (M) that this report is suitable to any particular user's circumstance; or

(8) Assumes responsibllity for any damages or other liabllity whatsoever (including any
consequential damages, even if the WOG or any WOG representative has been advised of
the possibility of such damages) resulting from any selection or use of this report or any
Information apparatus, method, process, or similar item disclosed in this report.
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1. INTRODUCTION

Heatup and cooldown limit curves are calculated using the adjusted RTwor (reference
temperature adjusted for irradiation effects) corresponding to the limiting beltline region material
of the reactor vessel. The adjusted RTypr of the limiting material in the core region of the reactor
vessel Is determined by using the uniradiated reactor vessel material fracture toughness
properties, estimating the radiation-induced ARTyor, and adding a margin term to accommodate
uncertainties. The unirradiated RTypr is designated as the higher of either the drop weight
nil-ductility transition temperature (NDTT) or the temperature at which the material exhibits at
least 50 ft-b of impact energy and 35-mil lateral expansion (nonnal 1o the major working
direction) minus 60°F.

RTxor increases as the material is exposed to fast-neutron radiation. Therefore, to find the most
limiting RTyor &t any time period in the reactor’s life, ARTyor due to the radiation exposure
associated with that time period must be added to the unirradiated RTaor (IRTaor). The extent of
the shift in RTyor is enhanced by certain chemical elements (such as copper and nickel) present
in reactor vessel steels. The Nuclear Regulatory Commission (NRC) has published a method
for predicting radiation embrittiement in Regulatory Guide 1.99, Revision 2, *Radiation

" Embrittlement of Reactor Vessel Materials® !'.. Regulatory Guide 1.99, Revision 2, is used for
the calculation of Adjusted Reference Temperature (ART) values (IRTypr + ARTynpr 4+ margins for
uncertainties) at the 1/4T and 3/4T locations, where T is the thickness of the vessel at the
beltiine region measured from the clad/base metal interface. The most limiting ART values are
used in the generation of heatup and cooldown pressure-temperature limit curves for normal
operation.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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2. PURPOSE

Virginia Power, as a member of the WOG Reactor Vessel 60-year Minigroup, has contracted
Woestinghouse to generate new heatup and cooldown curves applicable to Surry Units 1 and 2
for plant life extension. The heatup and cooldown curves are generated with margins of 0°F and
0 psi for instrumentation errors. The curves include a hydrostatic leak test limit curve from 2485
to 2000 psig and pressure-temperature limits for the vessel flange regions per the requirements
of 10 CFR Part 50, Appendix G¥., ‘

The purpose of this report is to present the calculations and the development of Surry Units 1
and 2 heatup and cooldown curves for plant life extension. This report documents the
calculated adjusted reference temperature (ART) values, following the methods of Regulatory
Guide 1.99, Revision 2!"), for all the beltiine materials and the development of the heatup and
cooldown pressure-temperature limit curves for normal operation.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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3. CRITERIA FOR ALLOWABLE PHESSURE-TEMPERATUHE
RELATIONSHIPS .~ =

3.1 End of Life ‘Pnsssure Temperature Limits :

Appendlx Gto 10 CFR Part 50, *Fracture Toughness Requnrements‘m specrﬂes fracture ‘
toughness requnrements for femtlc materials of pressure retalnmg components of the reactor
coolant pressure boundary of Irght water nuclear power reactors to prov:de adequate margms ofi
safety during any condition of normal operatron, tncludmg ant:crpated operational occurrences :
and system hydrostatic tests, to which the pressure boundary may be subjected over its service -
lifetime. The ASME Boller and Pressure Vessel Code forms the basis for these requirements.
Section XI, Division 1, "Rules for Inservice lnspectlon of Nuolear Power Plant Components' "
Appendlx (':‘s"1 oontalns the conservatrve methods ot analysls

The ASME approach tor calculatmg the allowable limit curves for various heatup and coo!down
ratés speciﬁes that the total stress intensity 1actor. Ki, for the combined thermal and pressure
stresses at any time during heatup or cooldown cannot be greater than the reference stress”
‘intensity factor, Ka, for the metal temperature at that time. K is obtalned from the reference .
fracture toughness curve, defined in Appendnx G ot the ASME Code Sectron Xl The K.. curve :
is given by the following equation: ° ;

. K""’2,6_-7_8,""71-._233.,C‘o'olt‘x’.vmf"w)l T .(3_(1) -

PR : L e

where
Ky = reference stress intenslty tactor as a funct:on of the metal temperature T and the
metal reference nil-ductility temperature RTwor

Theretore the goveming equatlon tor the heatup—oooldown analysus is detlned in Appendtx G of -‘ :
the ASME Code as tollows . L ,

et

Cekmmcke e
whers,” N ST, ‘
Kin= stress mtensrty tactor caused by membrane (pressure) stress
Kn= stress intenslty tactor caused by the thermal gradients - . —
K.; = reterence stress intensxty tactor as a functron of the metal temperature and the RTNm_ ,

of the material . - : e e . :

C= " 2.0 for Level Aand Level B ser\noe Ilmlts : ~
C = 15 for hydrostatxc and leak test condmons dunng which the reactor core is not cnt:cal

e
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At any time during the heatup or cooldown transient, K, is determined by the metal temperature
at the tip of a postulated flaw at the 1/4T and 3/4T location, the appropriate value for RTyor, and
the reference fracture toughness curve. The thermal stresses resuiting from the temperature
gradients through the vessel wall are calculated and then the corresponding (thermal) stress
intensity factors, K, for the reference flaw are computed. From Equation 2, the pressure stress
intensity factors are obtained and, from these, the allowable pressures are calculated.

For the calculation of the aliowable pressure versus coolant temperature during cooldown, the
reference flaw of Appendix G to the ASME Code is assumed to exist at the inside of the vessal
wall. During cooldown, the controlling location of the flaw is always at the inside of the wall
because the thermal gradients produce tensile stresses at the inside, which increase with
increasing cooldown rates. Allowable pressure-temperature relations are generated for both
steady-state and finite cooldown rate situations. From these relations, composite limit curves
are constructed for each cooldown rate of interest.

The use of the composite curve in the cooldown analysis is necessary because control of the
cooldown procedure is based on the measurement of reactor coolant temperature, whereas the
limiting pressure is actually dependent on the material temperature at the tip of the assumed
flaw. During cooldown, the 1/4T vessel location is at a higher temperature than the fiuid
adjacent to the vessel inner diameter. This condition, of course, is not true for the steady-state
situation. it foliows that, at any given reactor coolant temperature, the DT (differential

- temperature) developed during cooldown results in a higher value K,, at the 1/4T location for
finite cooldown ratas than for steady-state operation. Furthermore, if conditions exist so that the
increase in K, exceeds Ky, the calculated allowable pressure during cooldown is greater than
the steady-state vaiue.

The above procedures are needed because there is no direct control on temperature at the 1/4T
location and, therefore, allowable pressures may unknowingly be violated if the rate of cooling is
decreased at various intervals along a cooldown ramp. The use of the composite curve
eliminates this problem and ensures conservative operation of the system for the entire
cooldown period.

Three separate calculations are required to determine the limit curves for finite heatup rates. As
is done in the cooldown analysis, allowable pressure-temperature relationships are developed
for steady-state conditions as well as finite heatup rate conditions assuming the presence of a
1/4T defect at the inside of the wall. The heatup results in compressive stresses at the inside
surface that alleviate the tensile stresses produced by internal pressure. The metal temperature
at the crack tip lags the coolant temperature; therefore, the Ky for the 1/4T crack during heatup
is lower than the K,, for the 1/4T crack during steady-state conditions at the same coolant
temperature. During heatup, especially at the end of the transient, conditions may exist so that
the effects of compressive thermal stresses and lower K, values do not offset each other, and
the pressure-temperature curve based on steady-state conditions no longer represents a lower
bound of all similar curves for finite heatup rates when the 1/4T flaw is considered. Therefore,
both cases have to be analyzed in order to ensure that at any coolant temperature the lower
value of the allowable pressure calculated for steady-state and finite heatup rates is obtained.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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The second portion of the heatup analysis concemns the calculation of the pressure-temperature
limitations for the case in which a 1/4T flaw located at the 1/4T location from the outside surface
is assumed. Unlike the situation at the vessel inside surface, the thermal gradients established
at the outside surface during heatup produce stresses which are tensile in nature and therefore
tend to reinforce any pressure stresses present. “These thermal stresses are dependent on both
the rate of heatup and the time (or coolant tem;ierature) along the heatup ramp. “Since the .
thermal stresses at the outside are tensile and increase with inereasing heatup mtes. each -

heatup rete must be analyzed on an incﬁvidual basis o
Fotlowmg the genereuon of pressure—temperature curves tor both the steady state end finite
heatup rate situations, the final limit curves are produced by constructing a composna curve
based on a point-by-point comparison of the steady-state and finite heatup rate data. Atany
given temperature, the allowable pressure is taken to be the lesser of the three values taken
from the curves under considsration. The use of the composite curve is necessary to set
conservative heatup limitations because it Is possible for conditions to exist wherein, over the
course of the heatup ramp, the controlling condition switches from the Inside to the outside, and
the pressure limit must at all times be based on analysis of the most critical criterion.

10 CFR Part 50, Appendix G addresses the metal temperature of the closure head flange and
vesse! flange regions. This rule states that the metal temperature of the closure flange regions
must exceed the material unirradiated RTyoy by at least 120°F for normal operation when the

. pressure exceeds 20 percent of the preservice hydrostatic test pressure (3107 psig), which is
621 psigt! for the Surry Units 1 and 2 reactor vessal.

The limiting unirradiated RTyor of 10°F occurs in the vessel flange of the Surry Units 1 and 2
reactor vessel, 80 the minimum allowable temperature of this region is 130°F at pressures
greater than 621 psig with uncentainties of 0°F and 0 psi. This limit is refiected in the heatup and
cooldown curves shown in Figures 8-1 to 9-8.

3.2 End of License Renewal Pressure Temperature Limits

For end of license renewal, the Surry Unlts 1 and 2 pressure temperature limits are developed
using the ASME Code Section XI K fracture toughness methodology.

K. is obtained from the reference fracture toughness curve and is given by the following
equation:

Kic = 33.2 4 20,734¢ 192 (7 - Flicn) (3-3)

where,
K = reference stress intensity factor as a function of the metal temperature T and the
metal reference nil-ductility temperature RTxor

— — o e o
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Therefore, the goveming equation for the heatup-cooldown analysis is defined as follows:

C* Kt Kn < Kie (34)

= stress intensity factor caused by membrane (pressure) stress
= stress intensity factor caused by the thermal gradients
= function of temperature relative to the RTypr of the material
C= 2.0forLevel A and Level B service limits
= 1.5 for hydrostatic and leak test conditions during which the reactor core is not critical

The balance of the discussion for the end of license curves based on K,, fracture toughness
methodology, in Section 3.1 above, remains applicable to end of license renewal pressure
temperature limits, ~

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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4. CHEMISTRY FACTOR DETERMINATION

4.1 Surveillance Data Evaluation = >~

Table 4-1 contains the available surveillance data for Surry Units 1 and 2. Table 4-2 contains the
' representallve dam ulmnately used to assew the malenal propemes ol the Surnry Umts 1 and 2
reactor vessel -

If the irradiation environment (i.e., irradiation temperature and NSSS vendor) for one source is
more similar to the irradiation environment of the plant being assessed than other sources, the
data from the source with the irradiation environment most similar to that of the plant being
assessed should be used to assess the integrity of the vessel. Thus, if plant speciiic data are
avallable, these data are considered the most applicable to the beltline material being evaluated.

§A-1585/SA- 650 Assesssment -

Weld wire 72445 surveillance data is not avallable lrom a Surry plant specific surveillance
program. However, it is avallable from the Pomt Beach Unit 1 (Westmghouse NSSS)
survelllance program and from sevaral BWOG lntegrated surveillance program capsules
irradiated in Crystal River Unit 3 (B&W NSSS). .The irradiation environment of the Point Beach -
Unit 1 surveillance capsules more closely approximates the irradiation environment of Suny ;
Units 1 and 2 because (a) Point Beach and Surry are both Westinghouse NSSS plants, and (b)
the irradiation temperatures of the Surry and Point Beach survelllance capsules are closer than
the irradiation temperatures of Surry and Crystal River. Therefore, the data derived from the
Point Beach Unit 1 surveillance program is used to assess the integrity of the Surry Unlts 1and -
2 beltline material SA-1585.

SA1526 Assessment - l S PR o R ‘
Weld wire 298144 surveillance data is avallable lrom the Surry Unn 1 plant specific survelllance

program. ‘In addition, weld wire 288L44 survelllance data is available from BWOG integrated
surveillance program surveillance capsules irradiated in Crystal River Unit 3. Among the BWOG
integrated surveillance program capsules is a capsule which contains materials previously
irradiated in Three Mile Island Unit 2 (i.e., TMI2-LG1, WF-25). The irradiation environment of the‘
Surry Unit 1 capsules most closely approximates the irradiation environment of the Surry Unit 1~
reactor vessel beltline materials. Therelore. the data derived from the Sarry Unit 1 plant specrfc
surveillance program is used to assess the integrity of the Surry Unit 1 beéltiine material SA-1526.

f e bease mew av e el

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



WCAP-15130 4-2

4.2 Chemistry Factor Methodology:

The calculation of chemistry factor {CF) values for the Surry Units 1 and 2 reactor vessel beltline
materials is performed in accordance with Regulatory Guide 1.99, Revision 2 i as follows:

The CF Is based on the Cu and Ni weight % of the material or it is based on the results of
survelllance capsule test data. When the weight percent of copper and nickel is used to
determine the CF, the CF is obtained from either Table 1 or Table 2 of Regulatory Guide 1.99,
Revision 2 [, The results of this method are listed in Table 4-1.

When surveillance capsule data is used to determine the CF, the CF is detenmined as follows:

_ Z;,[Alxﬁ(o-?l-o-lbtﬁ)]

CF

- A L .(028-01)0g f1) 42 ’
21.1 Lf ] (4-1)
Where: n = The Number of Surveillance Data Points
A = The Measured Value of ARTyor

fi Fluence for each Survaiilance Data Point

The results of the CF determination for the Surry Units 1 and 2 surveillance data are listed in
Table 4-3.

4.2.1 Application of the Regulatory Guide 1.99, Revision 2 Ratio Procedure for Beltline Material
CF Determination

When credible surveillance data are used in the determination of the beltiine material CF,
correction for differences between the chemical compositions of surveillance weld specimens
and the beltline material being evaluated is accomplished with the Regulatory Guide 1.99,
Revision 2 "), Position 2.1 ratio procedure. The ratio procedure is not applicable to the plate
material. )t is not necessary to correct for differences between the chemical compositions of
surveillance specimens and the beltline material being evaluated when the chemical
compositions are essentially equal. When there are significant differences between the
surveillance and beltline material chemical composition, the Regulatory Guide 1.99 Revision 2 (!l
Position 2.1 ratio procedure is applied in the determination of the beltline material chemistry

factor.

Per Tabie 4-2, for the Unit 1 Intermediate to Lower Shell Circumferential Weld and the Unit 2
Lower Shell Longitudinal Weld, the copper and nickel concentrations of the surveillance weld
metal is not the same as the corresponding beltline material. Therefore, the ratio procedure of
Regulatory Guide 1.99, Revision 2!}, Position 2.1 Is applied to this surveillance weld metal.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



WCAP15130 " " P

. Slmilarty, for the Unit 1 Lower Shell Longltudlnal Weld the copper and nlckel eoncentrattons of
" the survelllance weld metal is not the same as the Unit 1 Lower Shell Longitudinal Weld SA-
1526 Therefore the ratlo procedure is applled to thls survelllance weld metal, as well

. The oopper and nickel weight eoncentratlons of the Surry Unit 2 surveiilance weld metal is the
" "same for the Unit 2 Intermediate to Lower Shell Clrcumlerentnal Weld R3008. Therefore, the
- ratio prooedure of Regulatory Guide 1 .99, Revision 21", Position 2.1 will not be apphed to this
. gurveillance weld metal (ie. Ratio = 1.0 lor Unit 2 Intermedrate to Lower Shell Clroumterentnal

;' ‘Weld R3008)

. 422 Inadratlon Temperature Eﬁects on Surveillanoe Data tor Determrnahon of the Belﬂlne
o Material CF

, Appllcation ot the selected survelllanoe data to the beltrne matenal requires normahzabon of
. measured transition temperature shift values to the mean iradiation temperature of the beltline
material. A correction of 1.0°F is applied to measured values of transition temperature shitt for
 each degree of irradiation temperature difference between surveillance spec:mens and beltline
materials. . This correction factor is documented in EPRI report NP-6114 ' and ASTM report
~'STP-1048 m and Is cited in the November 12 1997 NRC/rndustry maetmg mmutes m,

. When applymg the selected survelllanoe data to the beltlme matenal the temperature comection
is apphed to each measured value of transltlon temperature shift for which the surveillance
capsule lrradlatlon temperature is hlgher than the beltline material irradiation temperature. The
: temperature correction is not performed when the survelllance capsule irradiation temperature Is

lower than the beltiine material iradiation temperature. Correction for irradiation temperature is

not necessary when the survelllance specimens are irradiated in the plant which is belng
evaluated ' . :

PR
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Table 4-1: Available Surveillance Data tor the Surry Units 1 and 2 Credibility
Determination :
Matariais Capsule Capsule Material | Fluence ARTwr™ | W% Cu | wi% Ni

Piate Materials

Lowsr Shell Sumy Unit 1 Capsuie T Forging C4415-1 |  0.281 50 0.110 | 0500

Forging (Undt 1) Surry Unit 1 Capsule V Forging C4415-1 1.840 113 0110 | 0.500

C4415-1 Surry Unit 1 Capsute X Forging C4415-1 1599 86 0.110 | 0500

intermediate Surry Unit 1 Capsule X Forging C4338-1 302 55 o.10¢ | 0520

Shell Forging Sumry Unit 1 Capsule V Forging C4330-1 1.88 75 0.104 | 0520

€4339-1 (Unlt 2)

Weld Matorials

Intermediate o Pt Beach Unit 1 Capsute T SA-1263 242 181 0230 | 0615

Lower Shell Pt Beach Unit 1 Capsule R SA-1263 238 181 0.230 | 0615

%::mm Pt Boach Unlt 1 Capsule § 5A-1263 0.820 165 0230 | o61s

SA-1585 (Unit1) | PtBeach Unit 1 Capsule V SA-1263 0.502 107 0230 | 0.615

and Lower Shel BWOG Capsule CR3LG2 SA-1585 1.67 156 0220 | 0.590

Longitudinal BWOG Capsuls CR3LG1 SA-1585 0.51 141 0220 | 0590

Weld (Unit 2)

Lower Shell BWOG Capsute TMI2-LA1 SA-1526 0.63 218 0370 | 0.700

Longttudinal BWOG Capsule CR3-LG1 WF-25 0.799 205 0380 | 0.700

Woeld SA-1526 BWOQG Capsule TMI2-LG? WF-25 0.968 226 0330 | 0.670

(Unit 1) TMI Unit 1 Capsule C WF-25 0.866 166 0330 | o0.670

) TMI Unit 1 Capsuls E WF-25 0.107 74 0330 | 0.670

Surry Unit 1 Capeude T SA-1528 0.281 m 0230 | 0.640
Surry Unit 1 Capsule V SA-1528 1.94 250 0230 | 0.640
Sunry Unit 1 Capsute X SA-1526 1.599 234 0230 | 0.840

intermediate to Surry Unit 2 Capsude X R3008 302 95 0.190 0.550

Lower Shell Circ. Surry Unit 2 Capsuis V Ra008 1.88 145 0.180 0.550

Welid

R3008/0227

(Unit2)

NOTES:

(8) Fluence values are in units of 10’ n/em?, E > 1.0 MeV.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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. 'Tab!e 4-2: Reactor Vessel Beltline Material Copper and Nickel Content

" "SumyUnit1 e
 ‘Material Description | i ‘wt. % Cu wt. % Ni- ‘CFW
Nozzle Shell Forging o1 0.74 764
" 12v1°9VA1 - ; .. . e . . C . . .-
Imenned‘xateShe!C4326-1 EREYTR 0855 - |- 735
. lmemadiatoShenmz N 0.11;.. 0'.55 ] 735"
Lower Shell 4415-1 R 0.1.1“ 050 | 7&9
Lowar smu 44152 0.11 050 730
Nozzie to Intermed:ate Shell - N
0.10 1520
Careumfemntial Weid 0.33
J72825017 . _
Intermediate to Lower Shell , ‘ R
22 0.54 158.0
Circumierential Weld (ID 0
codo%
| SA-1585/72445
Intermediata to Lower Shell : - - —
‘Circumterential Wetd i~ | 922 - 054 158.0
' 60%)
SA-1650/72445 ) | |
intermediate Shell - . ‘ - :
' Longhudinal Welds L3 & L4 018 057.. |.. 1438
’ SA-1484/8T1554 _ _
Lower Shell Longitudinal - : - ‘ I ~ o
0.16 - 0. 8. .-
| WeldL1 SA-1404/8T1554 , | | il e
. Lower Shel! Longitudinal - : ;o " R
© Weld L2 SA-1526/209L.44 034 _ 068 . 2208
Surveillance Weld SA-1263 : o : Y R
: 0 P N ¢ X K
 PLBeachUnit1~ . 0% 0615 e
-Surveillance Weld SA-1526 RO R —
Surry Unit 1 0.23 0.64 175.8
Notes:

iy om

BT I 5 SER S

(8) The chemistry factors shown in Table 4-2 are based on Position 1.1 using the best

estimate chemistry for the beltline or surveillance material

me a4 mmieet e
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Table 4-2 (cont'd): Reactor Vessel Material Copper and Nicksl Content

Surry Unit 2
Material Description wt. % Cu wt. % Ni CF@
Nozzle Shell Forging 0.11 0.72 75.8
123V303VA1 ‘
Intermediate Sheli C4339-2 0.11 0.54 73.4
Lower Shell 4339-1 0.11 0.54 73.4
Nozz!e to lntetm.ediate Shell 0.25 0.10 160.5
Circumferential Weld
L737/4275
intermediate to Lower Shell
0.19 0. R
Circumferential Weld 55 149.3
R3008/0227
Intermediate to Lower Shell 0.19 0.57 152.4

Circumferential Weld L4 (ID
50%) WF-4/8T1762

Intermediate Shell Longitudinal
0.22 0.54 .
Welds L3 (100%) & L4 (50%) 158.0
SA-1585/72445

Lower Shell Longitudinal Weld
0.19 0. )
L2 (ID63%) and L1 (100%) 57 152.4
WF-4/8T1762

Lower Sheli Longitudinal Weld
0.18 . g
L2 (OD 37%) WF-8/8T1762 0.57 152.4

Surveillance Weld SA-1263 0.23 0.615 171.6
Pt. Beach Unit 1
Surveillance Weld R3008 0.19 0.550 149.3
Surnry Unit 2

Notes:

(a) The chemistry factors shown in Table 4-2 are based on Position 1.1 using the best
estimate chemistry for the beltiine or surveillance material.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 4-3. Calculation of Chemistry Factors uslng Surry Unlts 1 and 2 Surveillance

Capsule Data
taterials Capsule Fluence™ FF ARTwn™ FF* FF
ARTwor
Lowsr Shell - Sumy Unit1 Capsule T, - | - 0281 ; |- 6535 50 - 827 04271
Forging (Unit 1) Surry Unh 1 Capsule V 1.940 1.1811 13 1335 1.3951
ceter | sumyunnicapsuex |- 1sse | 11208 86 874 | 12780
SUM: | 2633 " 3.10
Chemistry Factor =85.0% '
intarmediats . SumyUnit1CapeuteX .| i302° | 6120 | s "a70 | oasi6
Sheli Forging Surry Unit 1 Capeuts V 188 | 14720 7 | .es0 13756
CAS39-1 sum: | 1250 183
nit1) " Chemisty Factor = 684% .
Waeld Matsrials R . -
Intemecate 10 1 pypoachUnit1CapsuleT -| “242 | 12380 | 181 | 2243 ] 15328
Lower Shel PtBeschUnitiCapsuleR | 238 | 12338 181 2233 1.5224
mm«mar PtBeach Unit 1 Capsule S | 0,829 08474 165 1563 0.8976
SA-1585 (Uni1) | PlBeschUnit1CapsuleV | 0502 0.8077 107 - |. e84 - 0.6523
and Lower Shell sum: | 6902 461
Longttudinal
Wald (Unit2)
. ) . Chemistry Factor = 149.9%
Lower Shell Sumy Unit1 CaputeT . | 0281 | o6s3s | .11 | 117 | oem
Longlcudlm! SunyUnit1Capsutev | 104 | 19811 | 250 2053 | .139s1
Weid SA-1526 Surry Unit 1 Capsule X 1.599 1.1286 204 264.3 12760
(Unit1) " C S ' sum| ena | 210
*** * Chamistry Factor = 216.7%)
Intermediate to Sury Unit 2 Capsute X < |~ -* 302 0.6720 g5 "638 | o4s16
Lower Shell Circ. Surry Unit2 CapsuleV -+ |- - 1.88 1.1729 145 - 17000 |1 1.3756
Weid . ... sum:| 2339 1.83
(Unht2) ; ~ . Chemistry Factor = 126.0%
Notes:

(e) Fluence values are in unlts of 10" n/em®, E > 1.0 MeV.

{b) ARTnpy 8re measured values.
{c) Chemistry Factor before application of the Regulatory Guide 1.99, Rev. 21" Posltion 2.1 ratic procedure.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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4.3 Surveillance program credibility evaluation:

4.2.1 Credibility Criterion 1:

Criterion 1:  The materials in the survelllance capsules must be those which are controlling
materials with regard to radiation embrittlement.

The Surry Units 1 and 2 reactor vessels consists of the following beltline region materials:

a) Nozzle Shell Forging,

b) Intermediate Shell Forgings,

c) Lower Shell Forgings,

d) Intermediate to Lower Shell Circumferential Weld
¢) Intermediate Shell Longitudinal Welds

) Lower Shell Longitudinal Welds

Criterion 1 was applied at the time that the Surry surveillance program was designed and
licensed. Therefore, the materials selected for use in the Summy Units 1 and 2 surveillance
program are those judged to be most likely controlling with regard to radiation embrittlement
according to the accepted methodology at the time the survelilance program was developed.
Based on engineering judgment, the Surry Units 1 and 2 surveillance program meets the intent

‘ of this criter_ia.

The Surry Units 1 and 2 reactor vesssl materials, from which the controliing materials are
selected, are presented below.

Weid Metal:

The weld metal for Unit 1 includes the following:
Material Heat Number Flux Type Flux Lot #
Nozzle 1o Intermediate Shell Circ. Weld J726/25017 SAF 89 1187
Intermediate to Lower Shell Circ, Weld (ID 40%)  SA-1585/72445 Linde 80 8597
Intermediate to Lower Shell Circ. Weld (ID 60%)  SA-1650/72445 Linde 80 8632 -
Intermediate Shell Longitudinal Welds L3 & L4 SA-1484/8T1554 Linde 80 8579
Lower Sheil Longitudinatl Weid L1 SA-1494/8T1554 Linde 80 8579
Lower Shell Longitudinal Weld L2 SA-1526/299L44 Linde 80 8596
P1. Beach Unit 1 Surveillance Weld SA-1263/72445 Linde 80 8504
Surry Unit 1 Surveillance Weld SA-1526/299L44 Linde 80 8506

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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The weld metal for Unit 2 includes the following:

Material - -  Heat Number . FluxType Fiux Lot#
"Nozzleto lntennednate Shell Cire, Weld ., L737/4275 . SAFBY T 02218
' Intetmediateto Lower Shell Circ. Weld _'::': R3008/0227 .Gfau Lo LW320
Intermediste to Lower Shell Girc. Weld L4 wr-ua'rwsz ' ‘Lndeg0 . 8se7
(ID 50%)
Intermediate Shell Longitudinal Wekds . SA-1585/72445  Linde80 _ . 8507
L3 (100%) & L4 (50%) - - IR
Lowersmnl.onénudirialwmq |  WF4BTi782.  Lindes8o 8632
L2(l063%)andL1 (oow) * o
LowerShell LongitudinalWelsz(ODa?%) - wramTie2 linde80 8632
Pt Beach Unit 1 Survellance Weld SA1263/72445  Linde80 8504
Suny\UnﬁZSurveﬁlanceWeld‘ S nacoafow ' '-.,i.feraul.o LW320
[Forgings:
. The forgings for Unit 1 include the following:
| .Material Heat # | Forging Type
Nozzle Shell Forging . 122V108VA1 SAS508, Class 2
Intermediate Shet! C4326-1 SAS533, Grade B1
Intermediate Shefl C4326-2 8A533, Grade BT
deers_heu 44151 - SAS533, Grade B1
Lower Shell 4415-2 SAS33, Grade B

The forgings for Unit 2 include the following:

Material Heat # _ Forging Type
Nozzle Shell Forging 123V303VA1 SA508, Class 2
Intermediate Shell c43st2 SAS33, Grade B1
Intermediate Shell C4339-2 ~ SA533, Grade B1
Lower Shell 4208-2 SA533, Grade B1

Lower Shell 4339-1 SA533, Grade B1

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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4.2.2 Credibility Criterion 2;

Criterion 2: Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions must be small enough to permit the determination of the
30 ft-Ib temperature unambiguously.

Virginia Power reviewed the surveillance capsule analysis reports which support the chemistry
factor calculations and determined that this criterion is met.

4.2.3 Credibility Criterion 3:

Criterion 3:  Where there are two or more sets of surveillance data from one reactor, the
scatter of ARTupr values must be less than 28°F for welds and 17°F for base metal. Even if the

range in the capsule fluences is large (two or more orders of magnitude), the scatter may not
exceed twice those values.

The least squares method, as described in Regulatory Guide 1.99 Position 2.1, Revision 2!, as
clarified in the November 12, 1997 meeting minutes ™, is utilized in determining a best-fit line for
- this data to determine if this criteria is met.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 4-4 Surry Umts 1 and 2 Surveallance Capsule Data Swtter about the Best F't '
T Line for the ‘Shell Forging’ Matenal ]

Co | ‘Measured. ; BestFit - ‘Scatterof
" "Maternal L F_F“” . ARTwor ART 0 ARTyor (°F) |
o T oty R -y AT ()
LowerShellForg!ng " es35 1 B0 k 5554 "6
04415-1 (Unit'l) 14811 |7 113 " 10038 13
CFe850F- | 11206 |" ‘68 ' 9600 10
: IntormodiateShell - 6720 7| 85 " 4594 9
043391 (Unit 2) 4720 | o 75 . 8018 5
" CF = 68.4F - B O
NOTES: <

" (a) The Chem!stry Factor used lorthe best fit ARTm ls ca!eutated ln awordanco with Hegu!atory Guida
*1.89, Rev. 2, Position 2.1. '

' {b) Inputs to Fluence Factor calculations are b units of 10" wem?, E >1.0MaV.

{c) The scatter of ARTior values about & best-fit line drawn, &s described in Regulatory Gmde 1.89, Rev.
2, Position 2.1, should be less than 17°F for base metal. As shown above, thescanerofalldata ‘
_ points Is less than 17°F. Therefore, credibllity criterion 3 is met. .Since this survelllance data is .
credible, a o, margin of 8.5°F s used when predlcﬂng the Surry Units 1 and 2 bettline plate material
properties for these materials.
(d) Fortorgings, the credibillty determination reqtﬂras normalization of measured transition temperature
shift values to the mean iradiation temperature of survelllance specimens. A comection of 1.0°F is
applied 10 measured values of translion temperature shitt for each dsgree of irradiation temperature
ditference between survelilance cpedmens ‘and bettline materials. Thls oorrecﬁon tactorls -
documented In EPRI report NP-6114 '°l and ASTM report STP- 1046 " and Is cited In the November
‘A temperature cormection is not applied to measured
values of transition temperature shift lor the credibllity determination if applicable survelilance data are
., . imadiated In a single reactor (i.e., are radiated at & similar temperature). - For the credibility -
" determination, 8 chemistry eormction Is not "applied to measured values of transition temperature shift
=" for the credibllity determination If applicable survaillanco data are obiained from a slngle source (i.e.,
- are machined from the same block of matarial) _

12, 1997 NRC/industry mesting minites™.,

Surry Units 1 and 2 Heatup and Cooldown Limiit Curves
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Table 4-5: Surry Units 1 and 2 Surveillance Capsule Data Scatter about the Best Fit
Line for the Weld Material
Measured Best Fit Scatter of
Material FF® ARTyor | ARTuor™ | ARTwor (°F)
(30 ft-Ib) (°F) (°F)
Interm. To Lower Shell 1.2380 181 185.55 5
Circumferantial Weld 1.2338 181 184.92 4
SA-1585/1650 (Units 182) |  0.9474 185 141.99 23
CF = 149.9°F 0.8077 107 121.05 -14
Intermediate to Lower Shell 0.8720 95 86.02 9
Circumferential Weld R3008 1.1729 145 150.14 -5
(Unit2)
CF=128.0°F
Lower Shell 0.6535 171 141.61 29
Longitudinal Weld 1.1811 250 255.95 -6
SA-1526 1.1296 234 24478 -11
(Unit 1) CF = 216.7 °F

NOTES:

(a) The Chemistry Factor used for the best fit ARTwor I8 calculated in accordance with Reguiatory Guide
1.99, Rev. 2, Position 2.1, using measured values of transition temperature shift that are
normalized to the mean chemical compesition of the survelllance materials by application of the
Position 2.1 ratio procedure.

(b) Inputs to Fluence Factor calculations are in units of 10" n/em?, E > 1.0 MeV.

{c) The scatter of ARTwor values about a best-fit line drawn, as described in Regulatory Guide 1.99, Rev.
2. Position 2.1, Is less than 28°F for the intermediate to Lower Shell Circumferential Welds SA-1585
and R3008. Therefore, credibllity criterion 3 Is met for these two survelliance weld materials. Since
this surveillance weld data is credible, a o, margin of 14°F Is used when predicting the Surry Units 1
and 2 beftline weld matarial properties for thess materials. The scatter of ARTwor values about a best-
fit line for the Unit 1 Lower Shell Longitudinal Weld SA-1526 exceeds 28 °F. Other combinations of
surveillance data applicable to SA-1526 on Table 4-1 have also been determined to be non-credible.
Therefore, for the Unit 1 Lowsr Shell Longiiudinal Weld SA-1526, a o, margin of 28°F Is used when
predicting the weld material propertias of this material. The Position 1.1 Chemistry Factor, based on
the beltline material chemical composition, Is determined to be conservative in accordance with the
guidelines presented in the November 12, 1997 mesting minutes ™,

(d) The credibiiity determination requires normalization of measured transition temperature shift
valuss to the mean irradiation tempearature of surveillance specimens. A correction of 1.0°F is applied
to measured vaiues of transition temperature shifi for each degree of irradiation temperature difference
between surveillance specimens and beltiine materiats. This correction factor is documented in EPRI
report NP-6114 1'” and ASTM report STP-1046 ™ and Is cited in the November 12, 1997 NRC/industry
mesting minutes™. A temperature comrrection is not applied to measured values of transition
temperature shif for the credibility determination if applicable survelilance data are Irradiated in a
single reactor (l.e., are iradiated at a similar temperature). For the credibllity determination, a
chemistry correction is not applied to measured values of transition temperature shif! if applicable
survelllance data are obtained from a single source (i.e., machined from the same block of material).

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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4.2.4 Credblity Criterion 4:

Critéripn 4: 7716 imadiation temperature of the Cha:py specimens in the capsule must equal
' ‘ ‘ the vessel wall temperature at the cladding/base metal interface within +/- 25°F.

~The survelllanoe capsule analysis reports which support the chamistry tactor caloulations
demonstrate that this criterion is met.

425 Credibllty Critérion 5:
Criterion5:  The surveillance data for the correlation monitor material in the capsuls, if
.present, must fall within the scatter band of the data base for the material.

The survelllance capsule analyéis reports which support the chemistry factor calculations
demonstrate that this criterion is met.

-4.2.6 Results and Conclusions of the Credibility Evaluation

Results of the credibllity evatuation indicate that, except for the Surry Unit 1 weld material SA-
1526, the surveiliance materials meet all of the credibility criteria discussed above. For weld
‘material SA-1526, the scatter of measured ARTypr values about the best fit ARTyor trend line
exceads 28°F. Thus, the SA-1526 survelillance data are not credible. The Regulatory Guide
~1.98, Revision 2", Posttion 1.1 CF for SA-1526 based on the beltline material chemistry

. composition is evaluated and determined to be conservative in accordance with the guidance
presented in the November 12, 1997 meeting minutes ™. Therefore, the Position 1.1 CF is used
to evaluate the material condition of the SA-1526 beltline material.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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5. UNIRRADIATED PROPERTIES -

: 5 1 Initial RTNDT of Beltllne Materials

Table 5-1 below contains a descriptlon ol the beltllne matenals and thenr initial RT,m values.

52 Detennfnatibh bf o

For Initial RTyor values not measured, the standard devuatrons for inlt:al RTnor values for Surry

Units 1 and 2 beltiine materials are determined by etattstlcal assessment of available measured

: values (i.e., set equal to the standard deviation of the estlmate ot the umn'adnated RTnoy). Ao,
value of 0°F is applled to measured values of lnltnal RT.m .

]

5.3 Bolt-up Temperature:

The reactor vessel may be bolted up at temperatures greater than the lnltlal RT.m of the
material stressed by the boltup (i.e., the vessel flange). The most Ilmltmg initial RTor value is
10°F on the vesse! flange. However, a minimum FlCS temperature limit of 60°F ls imposed to
ensure that the RCS temperatures are sulf:etently hlgh to prevent 'damage to the closure head/
vessel! flange dunng the removal or installation of the reactor vessel head bolts.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 5-1;: Reactor Vessel Beltline Material Initlal RTyor

Values
Material Description Heat # Initial
RTyor™
Surry Unlt 1
Nozzis Shell Forging 122V108VA1 40
Intermediate Shell C4326-1 10
intermediate Shell C4326-2 0
Lowaer Shell 4415-1 20
Lower Shell 4415-2 0
Nozzle to Intermediate Shell
J726/25017
Circumferential Weld 0
Intermediate to Lower Shell
SA-1585/72445 -5
Circumterential Weld (ID
40%)
intermediate to Lower Shell
SA-1650/72445 -5
Circumferential Weld (1D
60%)
Intermediate Shell SA- 5
Longitudinal Welds L3 & L4 1494/8T1554
Lower S&ellkl‘.tngitudinal SA- 5
eld L1 1494/8T1554
Lower S;\vel:;:;gﬂudinal SA- 7
e 1526/299L44
Closure Head Flange Fv-1894 10
Vessel Flange FV-1870 10

Surry Units 1 and 2 Heatup and Cooidown Limit Curves
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Table 5-1 (cont'd): Reactor Vessel Beltline Material

Description
Material Description Hent # Initial
. RTpor™
Surry Unit 2
Nozzle Shell Forging 123V303VA1 30
Intermediate Shell C4331-2 10
Intermediate Shell C4339-2 20
| Lower Shell 4339-1 -10
Nozxzle to Intermediate Shell L737/4275 0
Circumferential Weld
intennediate to Lower Shell R3008/0227 0
Circumferential Weld .
Intermediate to Lowsr Shell
WF-4/8T1762 -5
Circumferential Weld L4 (ID b
50%)
Intermediate Shell
SA-1585/72445 -5
Longhudinal Welds L3 - Sh
{100%) & L4 (50%)
Lower Shell Longitudinal WF-4/8T1762 5
Weld L2 (iD63%) and L1
{100%) .
Lower Shell Longitudinal | WF-8/8T17 5
Weld L2 (OD 37%) 62
Closure Head Flange 2V-3475 <10
Vessel Flange 2ZV-3476 -65

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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6. REACTOR VESSEL GEOMETRIC & SYSTEM PARAMETERS

The applicable reactor vessel physical dimensions and operating conditions, along with other

‘system parameters, are shown in Table 6-1.

Table 6-1: RV Physical Dimensions and Operating Conditions

Parameter Value
Vessel Beltline Thickness 8.08 inches
~ Vessel Inner Radius to Clad 78.95 inches |
Vessel Clad Thickness 0.16 inches
Pre-service System Hydrostatic Pressure 3107 psig
Capacity Factor (future cycles) 80%

System and Component Operating
Conditions/Dimensions

Design Press. - 2485 psig

Oper. Press. - 2235 psig

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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7. . FLUENCE FACTOR DETERMINATION "~~~

7.1 Peak Clad Base Metal (nteifaqej Fluance for ééé;h Beltline Material:

Tables 7-8 through 715 ';;résent'me besteshmate peak 'ﬂuéi;cesﬂfor the various materials in the
Surry Units 1 and 2 reactor vessels.” The cumulative core bumup values (EFPY) at which the
pressureftemperature limit curves are calculated are:

Unit 1: ) e e

Current EOL ' = 20.6 EFPY

Renewal EOL ~ = 47.6EFPY ~ = -

Unit 2: S

CumentEOL = 30.1 EFPY
Renewal EOL ="48.1 EFPY "

.o vt

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 7-1: Best-Estimate Peak Fluence
(10" n/em?, E > 1.0 MeV) at the Pressure
Vessel Base Metal/Clad Interface of the Surry
Unit 1 Reactor Vessel Intermediate and
Lower Shell Plate Materials
Unit 1 EFPY Unit 1 Fluence
1.1 .183
1.6 290
2.3 408
3.4 .583
4.5 757
5.9 950
6.8 1.16
8.0 1.32
9.3 144
10.6 1.56
1.7 i.e8
133 1.83
14.6 1.96
29.6 3.53
47.6 5.40

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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. Table 7-2: Best Estimate Peak Fluence
(10" n/em2, E > 1.0 MeV) at the Pressure
Vessel Base Metal/Clad Interface of the Surry
Unit 1 Nozzle to Intermediate Shell ~

- ' Circumferential Weld

~ 'Unit1EFPY; |  Unit1 Fluence

.11 | - .o0899

t

.18 . <0163

-28 | - . .0252

. 84 : 0347

.45 [ 0462

59 . 0601

68 | 0745

8O ..0868

C o e3 -'; - -+ ,0976

S .-106 - .108

117 o 120

1183 ..135

146 ; - .149

296 % . .307

47.6 ' ' 496

N s e A e

Surry Units 1 and 2Heatup and Cooldown Limit Curves
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Table 7-3: Best-Estimate Peak Fluence
(10" n/em?, E > 1.0 MeV) at the Pressure
Vessel Base Metal/Clad interface of the Surry
Unit 1 Upper Sheli Longitudinal Welds
Unit 1 EFPY Unit 1 Fluence
11 .0308
1.6 .0495
2.3 0697
3.4 .100
45 126
5.9 .156
6.8 176
8.0 201
9.3 229
10.6 256
11.7 280
13.3 3156
14.6 337
29.6 599
47.6 813

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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‘Table 7-4: Best-Estlmate Peak Fluence
{ 0" n/em?, E > 1.0 MeV) at the Pressure
Vesse! Base MetaVClad interface of the Surry
Unit 1 Reactor Vessel Belhne Intermediate to
Lower Shell Circumferenﬁal Weld

i PW?TEf?YlfH.’,

‘Unit 1 Fluence

W L3
RN A
R R

34 590
45 ‘.. 766
59 .| 959
68 1.18
80 K 1.33
83 . . ]: . 145
1N B 157
"7 o} 168
133 1.83
14.6 1.94
296 320
.. 476 470

Surry Units 1 and 2 Heatup and Cooldown Limit Curves =~
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Table 7-5: Best-Estimate Peak Fluence
(10" n/em?, E > 1.0 MeV) at the Pressure
Vessel Base Metal/Clad Interface of the Surry
Unit 1 Reactor Vessel Lower Shell
Longitudinal Welds
Unit 1 EFPY Unit 1 Fluence
11 .00307
1.6 .00502
23 .00703
3.4 101
4.5 .128
5.9 158
6.8 a78
8.0 204
9.3 230
10.6 257

11.7 281
13.3 314
14.6 332
29.6 .540
47.6 790

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 7-6 Best-Estimate Peak Fluence (1 0

.nfem?, E > 1.0 MeV) at the Pressure Vessel -
Base MetaVClad Intertace of the Surry Unit 2
Reactor Vessel Plate and Intermediate to
_Lower Shell Circurhferential Weld Material
UneEFPY | UntzFusnce

12 . . 202
19 329,
26 450 -
.88 656
48 628
62 102
74 123
B4 - 134
97 - 147
108 160
124 . 174
T .18
804 .. 3527
48.1 o _«5,,34.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 7-7: Best Estimate Peak Fluence
(10" n/em2, E > 1.0 MeV) at the Pressure
Vessel Base Metal/Clad Interface of the Surry
Unit 2 Nozzle to Intermediate Shell
Circumferential Weld

Unit 2 EFPY Unit 2 Fluence
12 .0121
1.9 0197
26 .0289
3.8 0416
4.9 .0539
6.2 0677
7.4 0824
8.4 .0809
9.7 104
10.9 115
12.4 .128
13.9 .142
30.1 298
48.1 A7

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 7-8: Best-Estimate Peak Fluence (10"
n/em?, E > 1.0 MeV) at the Pressure Vessel -
Base Metal/Clad Interface of the Surry Unit 2

_ Upper and Lower Shell Longitudinal Welds

BREE L . ‘“':'UI"\KZEFPY"? o :5': Unit 2 Flué,nce g

12 - .| o33
19 0572
26 .. a2
38 116

49 17 .48

6.2 .180

T4 - ociv |2
B4 ) 28
&7 - | . 266
108 292
188 354

30.1 697

1 [ 108

Surry Units 1 and 2 Heatup and Cooldown Limit Cuirves
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7.2 Fluence Methodology Used:

The methodolog)} used for determining the reactor veses! neutron fluences is that which is
documented in the Virginia Power Topical Report VEP-NAF-3, “Reactor Vessel Fluence Analysis
Methodology” .. This topical report has been submitted to the NRC for review ¥, but has not

been approved as of this writing.

7.3 Uncertainty in Fluence Evaluation:

The fluence estimates have been demonstrated to be within 20% of the true value.

7.4 Fluence Values for Beltline Matenrials at Locations Other than the Inner Surface
The neutron fluence at any depth in the vessel wall is calculated as follows:
=1 * 2@ 10" n/em? (E> 1.0 MeV) 7-1)

Vessel inner wall surface fluence, 10*° n/em? (E > 1.0 MeV)
is the depth into the vessel wall from the inner surface, inches

where: feunt
x

7.5 Fluence Factor and how it is Determined;

Fluence factors at the 1/4T and 3/4T locations are determined using the method described in
Regulatory Guide 1.99, Revision 2!}, as follows:

FF =fluence factor = {{©28-0.1lg() (7-2)

where: t = Vessel inner wall surface fluence, 1/4T fluence or 3/4T fluence,
10" n/em? (E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



CUWOAP-15380 < o e PR - 5

8. - CALCULATION OF ADJUSTED REFERENCE TEMPERATURE
8.1 Memodoleéy"

From Regulatory Guide 1.99, Revision 2'"), the adjusted reference temperature (ART) for each
material in the beltline reglon Is given by the followrng expressron

ART = Initial RTm + A RTm+ Margm . | ' (6-1)

8.1.1 Initial RTxor

P

Initial RTyor is the reference temperature for the unlrradrated matenal as defmed in paragraph
NB-2331 of Section Il of the ASME Boiler and Pressure Vessel Code®l. If measured values of
- initial RTior for the material in question are not available, generic mean values for that class of
material may be used if there are sufficient test results 1o establish a mean and standard
deviation for the class. Initial RTor values are documented in Table 5-1.

' 8.1.2 ARTNm

¥ - v . - vm

| ARTNDT ls the mean value of the ad;ustment In reference temperature caused by irradratron and ‘
is calculated as the product of the chemrstry lactor CF, and the lluence factor determrned per :
. Equation 7-2, as follows: : R : ) . '

| _A . "amaror‘q-n - R - R

To calculate ARTyxor at any depth {(e.g., at 1/4T or 3/4T) the attenuated fluence at the specilic
depth must be determined based on Equation 7-1. The resultant ﬂuence is then placed ln ]
Equatron 8-2 in order to calculate the AHTm at the specrlrc depth o

8.1.3 Margln used in Adjusted Referenee Temperature Calculatron

‘\ - .- G o R R K s R l.
The margln term used ln determmlng the adjusted HTNDT is calculated usmg the margrn terrn
equation from Regulatory Guide 1.99, Flevrslon 21 Posltlen 2.1as tollows S o

where each of the terms Is described below.

et e B

ot -
PR ool

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Standard Deviation for ARTxor Margin Term, o,

o, is the standard deviation of the estimate of the shift in the initial RTypr determined in
accordance with Regulatory Guide 1.99, Revision 2 'l Specific values of g, are as follows:

For plates and forgings:

o, = 17 when surveiliance capsule data is not used
o, = 8.5 when credible survelllance capsule data is used

For welds:

o, = 28 when surveillance capsule data is not used
o, = 14 when credible surveillance capsule data is used

NOTE: o, need not exceed 0.5°ARTnor per Regulatory Guide 1.99, Revision 2.

Standard Deviation for Initial RTnor Margin Term, o;:

When a heat-specific measured value of the initial RTypy is not available, then o, is the standard
deviation of the initial RTypr determined in accordance with Regulatory Guide 1.99, Revision 2!'),
When a heat-specific measured value of the initial RTypr is available, o; is assumed to be zero.
When ¢, is taken to be zero when a heat-specific measured value of initial RTxpy is available, the
total margin term, based on Equation 4 of Regulatory Guide 1.99 Rev. 2, is as follows:

+ Posifion 1.1; Lesser of ARTyor Or 56°F for Welds
Lesser of ARTyor Or 34°F for Base Metal

e Position 2.1: Lesser of ARTyor or 28°F for Welds
Lesser of ARTnpr Or 17°F for Base Metal

8.1.2 Summary of the Margin Terms and Adjusted Reference Temperature Calculations:

Using the methodology described above, the initial RTnor, ARTnpr and margins used in the ART
calculations for each of the Surry Units 1 and 2 reactor vessel materials are shown in Tables 8-1
through 8-4. Tables 8-1 and 8-2 are applicable to the end of license. Tables 8-3 and 8-4 are
applicable to the end of license renewal period.

Surry Units 1 and 2Heatup and Cooldown Limit Curves
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... Table 8-1: Calculation of the ART Values for the 1/4T.Location at End of License

‘Material © | RG199 | CF |iFluence | ARTyor | Margin | IATior | ART
| R oo e ,

. SunyUni1{8SEFPY)

Nozzle Shell Forging | Posttion | _76.1..|. 0187 |: 421" | 340 | @00 | 1161 |
; 122‘".09\’“1 . 1_-1 . LR . St g ‘ S

. IntermediateShel | poguon | 735 | 2154 | sss [ 340 | 100 | 1328 |

Intermediate Shell | pogyion | 785 |i2154 | ses’ '} 340 | 0 | 1228 |

i

 LowerShell44151 | posiion | 850 | 2184 | 1027 | 170 | . 200 | 1397
' B 23 PR TRt IR B

 LowerShell44152 | pochion | 730, | ‘2154 | ‘ee2' | 3s0 | o | 1222
. ! 1.1 : XTI 0 s ) . b ISR I

Nozzle to Intermediate . : 3 . " — '
_Shell Gircurorential | oonon | 120 | 0487 ) "842 '} 688 | "0 ) 1530
. WeldJ72ers017 - .| T G ' ‘

Intermediate to Lower " . A o ' o : o - ‘
_Shell Circurferential | | g |- 1380 [ 192 | 1698 | 488 1 -5 [ 2066
;. Weld (ID 40%) R EL I R SR :

SA-1585/72445 =' ; | | |

Intermediate to Lower . . ; )

) osition ‘ 1 . 48.3 -5 .
Shell Gicurorential | Pqc [P0 | 852 | 1893 4 482 ) 57 2086
- Weld (ID60%) . | Tl el Lo

SA-1650/72445 |

Intermediate Shell — ” —
; P : 366 . _ = _
- -Longitudinal Welds - ?:':'on 143’9 : D.. 1039\ -685 . 5 e 1674

- L3&L4
SA-1484/8T1554

Lower Shell Longnuqinal Posttion '443.9 0.329 160.0 68,5 5 | 1634
WeldL1 - 1.4 . i .. o

' SA.14‘94’81'1554:~ ..4 : ‘:. }_: . A_.,,;: .', ?' ,?, { .;‘ -' , “::_- V;, " R

Lower Shell Longitudinal | pogion | 2206 | 0220 | 1532 | 695 | 7..| 2187
Weldlz B 11 H : l. : IR [hanted

+ N : ) H

‘SA-1526/2901.44 i

Notes:
(8) Fluences in units of (30" /em?, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Ctirves



WCAP-15130

Table 8-1 (cont'd): Calculation of the ART Values for the 1/4T Location at End of License

Material RG 1.99 CF Fluence | ARTyor | Margin | IRTyor ART
R2 Method ' (a)
Surry Unit 2 (30.1 EFPY)
Nozzle Shell Forging Position 758 0.182 415 340 30 1055
123V303VA1 1.1
Intermediate Shell | pogyion | 830 | 2147 | 1002 | 380 | -10 124.2
C4331-2 1.1
intermediate Shetll .
Position 734 2.147 88.6 34.0 -20 102.6
C4339-2 1.1
Lower Shell 4208-2 | pognion | 1073 | 2147 | 1285 | 340 -30 133.5
1.1
Lower Shell 4339-1 Position 684 | 2147 | 826 17.0 -10 89.6
2.1
Nozzle to Intermediate o
Positio: 160.5 0.1 7. . X
Shell Circumferential 1.1 n 82 87.8 688 0 156.6
Weld L737/4275 ’
Intermediate to Lower .
Position 128.0 2.147 154.6 48.
Shell Circumferential g 8 0 2034
Weld R3008/0227 ’
intermediate to Lower .
Position 152.4 0.425 116.2 . - K
Shell Circumferential P 683 S 179.6
Weld L4 (ID 50%)
WF-4/8T1762
Interrmediate Sheli o
Position 138.0 0.425 105.2 48.3 - X
Longitudinal Welds L3 2.1 05 5 148.8
(100%) & L4 (50%)
SA-1585/72445
Lower Shell e
Position 152.4 0.425 116.2 68.5 - X
Longitudinal Weld L2 1.1 5 179.6
(iD63%) and L1
(100%)
WF-4/8T1762
Lower Shell s
Position 152.4 0.425 116.2 68. - \
Longitudinal Weld L2 | 3 4 ® 5| 1788
(OD 37%)
WF-8/8T1762
Notes:

(a) Fluences in unkts of (10" vem?, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Lo
!

. L
DI !
Pt

Material

RG 1.99
R2 Method

| CF Fluence
)@

Margin .

IRTyot .

. . - Table 8-2: Calculation of the ART Values for the 3/4T.Location at End of License
| ' Ter

ART .

[

 Suriy Unlt 1 (20.6 EFPY)

| Nozzle Shell Forging
T 122VI00VAY T

Posttion
R S

761 0070

'

265

. 400

1005 .|

A intermedlat_esmlll

Posltion

) :1.1

| 0802

. 688

10.0

1129} -

Interrﬁediate Shell .

Position 1

1

689

1029

Lower Shell 4415-1

Position

21

| oso2

787

170 .

1200

1167

~Lower Shell 4415-2

Position

11 )

0802

685

. 340 |.. 0.

1025,

Nozzle to Intermediate
;. Shell Circumferential
| "Weld J726/25017

Pdsition

PR

0.070

-
¢

53.0

68.8

1218 |

- Shell Circumferential
‘Weld (1D 40%)

“intermediate to Lower

© 'SA1585/72445

Poéition
21 ..

0.727

1257

483 | -

“169.0

!memdigte to Lowqt
QShen Circumferential
Weld '(!D 60%) -

. SA-1650/72445

Poé‘rtion
2.1

0727

125.7

48.3

'169.0

“Imermediate Shell |
Longitudinal Welds

| SA-1494/8T1554

Posttion

11 | .

0.136

69.3

68.5

...5 ST

5132.8“ A

. Lower Shell ;
Longitudinal Weld L1’
‘SA-1494/8T1554

Posiﬁon

L

0.123

. 129.5

Lower Shell

‘SA-1526/2991 44

L&ngitudinal Weld L2 .

Posifjon

14

0.123

69.5

1" 163.8 |

Notss:

(a) Fluences in unts of (10 n/em®, E > 1.0 MeV)

e s A e e

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 8-2 (cont'd): Calculation of the ART Values for the 3/4T Location at End of License

Material RG1.99 | CF | Fluence | ARTyor | Margin | IRTaor | ART
R2 Method (a)
Surry Unit 2 (30.1 EFPY)
Nozze Shell Forging Position 75.8 0.068 26.0 34.0 30 80.0
123V303VA1 1.1
Intermediate Shell Posiion | 83.0 | 0.799 778 340 | -10 | 1018
04331 '2 1 .1
Intermediate Shell Posion | 73.4 | 0.799 88.8 340 | 20 | 828
C4339-2 11
Lower Shell 4208-2 Posion | 1073 | 0799 | 1005 | 340 | 80 | 1045
1.4
Lower Shell 4339-1 Posiion | 68.4 | 0.799 84.1 170 | 10 | 714
2.1
Nozzle to intermediate .
Position { 1605 | 0.068 55.1 8 0 .
Shell Circumferential o: 1 s8 1239
Weld L737/4275 '
Intermediate to Lower st
Position 128.0 0.799 120. .8 (4]
Shell Circumferential a1 200 | 48 168.8
Weld R3008/0227 )
intermediate to Lower .
Poslition 52.4 .1 , g - .
Shell Circumferential 1.1 1 0.158 784 68.5 5 141.9
Weld L4 (ID 50%) ’
WF-4/8T1762
Intermediate Sheill .
Positi X . . ) - .
Longitudinal Welds L3 o: 1an 1380 | 0.158 71.1 48.3 5 114.4
(100%) & L4 (50%) ‘
SA-1585/72445
Lower Shell Longitudinal o
Poasitio 1524 | 0.158 78. . .
Weld L2 (ID83%) sl n 8.4 68.5 5 141.9
and L1 (100%)
WF-4/8T1762
Lower Shell Longitudinal - :
P 152.4 X i i .
Weld L2 (OD 37%) °1s':'°" 0.158 78.4 68.5 5 141.9
WF-8/8T1762 )
Notes:

(8) Fluences In unlts of (10*° em®, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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5 Table 8-3 Calculatson of the ART Values for the 1747 Locatuon at End ot License Renewal

Matarial RG1.99 | CF | Fuence | ARTyoy | Margin | IRTor | ART
R2 Method ol () R A :

- . . I R

" Suny Unit 1 (47 EFPY)

" Nozzle Shell Forging | Poston | 764 | 0303 | 512 | 340 | 400 | 1252
L 12VI00VAY o 3 e N D P

< -Intermediate Shell “| pogion | 735° | 3284 | 65 | 340 | 100 1405

| Casze | IR D U P A

“Trtarmedale Shel Position | 735 | 8204 | se5 [ 340 | 0 | 1305}
Cass2 - | g ? A

e e § s - s -

""’“‘"' CTTT I — 850° |1 3204 | 1116 | 170 | 200 | 1488
. (. 221 L ;’ . «

Posiion |' 73.0° | 3284 | 858 | 340 o | 1288

;Lmne; Shell 4415-2 -

Nozzie 1o Intermediate | N BP0 PO -

Positio ' | :0.803 | . ‘ .
Shell Circumferential ~°:1 no|"1520°1:0 1022 | 688. 1. 0 , \1710
_Weld J726/25017 ’

b e e e e Ve mrw -

Intermediate to Lower o eipimen N N 1 .

. Posit . . & : . . - .
Shell Circurnferential | g | o0 [;287 | 1767. | 483 ) 5 | 2200
_ Wed(D4o%) | -

| SA1585/72445 - | o co| e

Intermediate to Lower . - ‘ .
Shell Circumferential P°::‘°" 1380 | 2867 | 1767 | 483 | -5 | 2200 .

~_Weld (IDSO%) B P
- SA-1650/72445 : = ;

intermediate Shell » ‘ - z —
Posit 143 0. 1120. : 5 -] 183.9"
Longnudina!Walds §o1s1|on 1439 ,2_055.8 ‘_1204 68.5 5 . ‘1.§j°‘9

aLs - ] el R
SA-i4pamTISSA |l YT

. Lower Shell C ; ' 4 —

, Postti 1143. X . . R ’ .
Longitudinal Weld L1 e 1439 | 0482 | 1148 | 685 | 5. | 1784
© SA‘l4pamTisss |t S K .

; Lower Shell — — ' —
i . Positio 0.6 482 . X 7 1.
 Longitudinal Weld L2 :’151 n| 2 0 1757 | €98 7 “238-2

 sAts6roled | |1

Notes: Seotay
(e) Fiuences in units of (10™ n/em®, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



WCAP-15130

8-8

Table 8-3 (cont'd): Calculation of the ART Values for the 1/4T Location at End of

License
Renewal . .
Material RG 1.99 CF Fluence | ARTnpr | Margin | IRT\or | ART
R2 Method (@) ‘
Sumry Unit 2 (48.1 EFPY)
Nozzle Shell Forging Posttion 75.8 0.287 50,0 34.0 30 1140
123V303VAt 1.1
Intermediate Shell | pogion | B30 | 3258 | 1087 | 340 | -10 | 1327
C4331-2 11
Intermediate Shell Position | 734 | 3258 | 962 | 340 | -20 | 1102
04339'2 1.1
Lower Shell 4208-2 Posttion | 1073 | 3258 | 1405 | 340 | 30 | 1445
1.1
Lower Sheil 4338-1 Postion | 684 | 2258 | 898 170 | -10 | 966
2.1
Nozzle to Intermediate -
Pasition 1605 | 0287 105.8 68.8 0 174.6
Shell Circumferential 1.1
Weld L737/4275 )
intermediate to Lower o
Position 1280 | 3.258 167. 48.8
Shell Circumferential 21 7 0 2165
Weld R3008/0227
intermediate to Lower .
Position 152.4 0.659 34. 68. - 98.
Shell Circumferential 1 134.5 5 5 | 1980
Weld L4 (ID 50%) :
WF-4/8T1762
Intermediate Sheil .
Position 138.0 0.659 121.9 48. - .
Longitudinal Welds L3 2.1 ! 3 5 165.2
(100%) & L4 (50%)
SA-1585/72445
Lower Shell Position | 1524 | 0659 | 1345 | 685 -5 198.0
Longitudinal Weid 1.2 1.4
(ID63%) and L1 (100%)
WF-4/8T1762
L ower Shelt .
Positio 1524 | 0.659 134.5 68.5 - X
Longitudinal Weld L2 py n 5 | 1980
(OD 37%) WF-
8/8T1762

Notes:

(a) Fluences in units of (10" vem®, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 8-4: Calculation of the ART Values for the 3/4T Location at End of License Renewal

Materisl . | ‘RG1.89. | GCF. | Fluence | ART\s; | Margin | IRTxer |~ ART
. ReMethod |1 = | '@ |-

i

Surmry Unit 1 (47.6 EFPY)

Nozzle Shell Forging. | Postion | 784 [ 0113 | 336 | 340 | 400 |.1076
122V108VA1 - 141 ‘ t

~Intormediate Shell . 1. pogyion | 735 | 1228 .| ‘77.7:| 340 | 100 | 1217
©4326-1 1.1 ' A A0 el

'IntennediateShell NS 1. . _ _ T —
' Posttion (735 .| ‘1226 7.7 | 340 0 111.7
04326'2 . .’1.1 ’ . , . .. ~ \-

%

Lower Shell 44151 | Position | .85.0°..| 1226 | ‘e8| .17.0 ?| 200 | 1268
~ 21 ; SR

‘LowerShell 44152 1. postion | 78.0° | 226 | 771 | a0 | o | 111
i ; 51'1 ; K |

“Nozzle to Intermediate | oo ~ 3 T 1T =1
" Shell Circumerential | Pq:r:mn 1820 | 013 | 670 |ems’| "o ) 13se
Weld J726/25017 o

intermediate to Lower ' N h EE—
ki | - Position ‘| 138.0. 067 ; .48. 9"
' Shell Gircurnferential | o 380 | 1 1405 | 483 | "5 | 1838
: 2.1 ) . ,

Weld .

(ID40%)

‘satsesmaas | |

" Intermediate to Lower . - ‘ . - '
: A P , 067 . , N
: Shell Circurnferential O:Tm 1380 | 1 1405 | 483 { -5 -| 1839

Weld -~ @D6o%), | T | LT
" SA-1650/72445 - | N

" Intermediate Shell ™~ : - '
- Position 143. 208 .
Long. Welds L3 & L4 1 439 1 0. 832 | e85 | 5. | 1467

s | | T ]

Lower Shell - A -. — : - ‘
: Posit X 3 . 5 4
Longitudinal Weld L1 sfon | 1498 | 0178 | 782 ) 685 o R
SA-1494/BT1554 ° ; | o

Lower Shell - - ' i —
. it .| Position ..{..2206_] 0178 .|. 1199 . - . .
Longitudinal Weld L2 " | "oy [0 0| 0178 ) 1984 €93 7. ] 1825

. SA:1526/299L44 U I R AR

Notes: ,
(a) Fluenoeshunltsof(w"lvcm E>10MOV) L

Surry Units 1 and 2 Heatup and Cooldown Limit Curves




WCAP-15130 8-10

Table 8-4 (cont'd): Calculation of the ART Values for the 3/4T Location at End of License
Renewal : )
Material RG 1.99 CF | Fluence | ARTwor | Margin | IRTaor | ART
R2 Method (a)
Surry Unit 2 (48.1 EFPY)
Nozzle Shell Forging Position 75.8 0.107 326 340 30 96.6
123V303VA1 1.1
Intermediate Shell Postion | 830 | 1213 | 875 | 340 | -10 | 1115
Ca3a1-2 14
Intermediate Shell Posttion | 734 | 1213 | 773 | 340 | -20 | 913
C4339-2 o
Lower Shell 4208-2 | pugrion | 1073 | 1213 | 1130 | 340 | a0 | 1170
11
Lower Shell 43381 | postion | e84 | 1213 | 720 | 170 | 10 | 790
2.1
Nozzle to intermediate o -
P 107 ) ' g
Shell Circumferential °f?°" 1605 | 0.10 69.1 | ea.8 o | 1379
Weld L737/4275 )
Intermediate to Lower | pogyion | 1280 | 1213 | 1349 | 488 | o | 1ss7
Shell Circumferential 2.4
Waeld R3008/0227
Intermediate to Lower .
P , . ) .
Shell Circumferential °:":'°" 1524 | 0245 | 943 | 685 s | 1578
Weld L4 (ID 50%) '
WF-4/8T1762
Intermediate Shell e
Position 138.0 4 . . - .
Longitudinal Welds L3 21 38 0.245 85.5 48.3 5 128.8
(100%) & L4 (50%) :
SA-1585/72445
Lower Shell o
Posit 1524 | o2 . , ]
Longitudinal Weld L2 Ty 45 | 943 | e85 5 | 157.8
(ID 63%) :
and L1 (100%)
WF-4/8T1762
Lower Shell o
Posion | 1524 | 0245 | 943 | es. ; i
Longitudinal Weld L2 11 S 5 | 1578
(OD 37%) :
WF-8/8T1762
Notes:

(8) Fluences in units of (10" nicm?, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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. Table 8-5: Summary of Limiting ART Values to be Used in the
Generation of the Surry Units 1 and 2 Reactor Vessel Heatup
and Cooldown Curves *
EFPY 1/4 T Limiting ART | 3/4 Limiting ART
29.6 (Unlt 1) 2157 169.0

- 30.1 (Unit2) 203.4 168.8
. 47.6 (Unit 1) 2382 183.9
48.1 (Unit2) 2165 - . 1837

* The Unit 1 Lower Shell Longitudinal Weld L2, SA-1526/299L44 is the limiting
material at the 1/4T location. The Intermediate to Lower Shell Circumferential
Waelds, SA-1585/72445 and SA-1650/72445, in Surry Unit 1 are the limiting
materials at the 3/4T location.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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0. HEATUP AND COOLDOWN PRESSURE—TEMPERATURE LIMIT
‘ CURVES ,

. 1 Intmductlan and Methodology

Pressure-temperature limlt curves for normal heatup and oooldown of the pnmary reactor

. coolant system have been calculated for the pressure and temperature in the reactor vessel
beltline region using the methods discussed in Section 3 and 8 of this report. Figures 9-1 to 9-8

define all of the above limits for ensuring prevention of nonductile failure for the WOG Reactor

Vessel 60-Year Evaluation Minigroup reactor vessel The pressure temperature limit data points

are tabulated in Tables 9-1to 9-4.

Figures 9-1 to 93 present the end of license heatup curves with heatup rates of 20, 40and
60°F/hour (a heatup rate of 0°F/hour is defined by the steady state cooldown curve) and with -
margins of 0°F and O psi for possible instrumentation errors. Figure 9-4 presents the end of
license cooldown curves with cooldown rates of 0, 20, 40, 60 and 100°F/hour and margins of 0°F
and 0 psi for possible Instrumentation errors. The data points for the end of license heatup and
cooldown pressure temperature limits are presented in Tables 9-1 and 8-2.

Figures 9-5 to 9-7 present the end of license renewal heatup curves with heatup rates of 20, 40
and 60°F/hour (a heatup rate of 0°F/hour is defined by the steady state cooldown curve) and with
margins of 0°F and O psi for possible instrumentation errors. Figure 9-8 presents the end of ‘
- license renewal cooldown curves with cooldown rates of 0, 20, 40, 60 and 100°F/hour and

- margins of 0°F and O psi for possible instrumentation errors. The data points for the end of
license renewal heatup and cooldown pressure temperature limits are presented in Tables 9-3
and 94.

The reactor must not be made critical until pressure-temperature combinations are to the right of
the criticality limit line shown in Figures 9-1 to 8-3 and Figures 9-5 to 9-7 (for the specific heatup
rate and licensing period being utilized). The straight-ine portion of the criticality limit is at the
minimum permissible temperature for the 2485 psig inservice hydrostatic test as required by
Appendix G to 10 CFR Part 50. The goveming equations for the hydrostatic test is defined in -
Appendix G to Section Xl of the ASME Code™ as follows:

End of License (EOL) 1.5 Ken < Ka | - (81)
End of License Renewal (EOLR) 1.5 Kin <K (9-2)
Whﬁra.

Kim is the stress intensity factor oovered by membrane (pressure) stress
Ki= 26.78 + 1.233 ¢ 0018 (T-Finor + 160]

Kie = 33.2 + 20.734 ¢ °% (TFTml :

T is the minimum pemnissible metal temperature, and

RTwor is the metal reference nii-ductility temperature

The criticality limit curve epeciﬁes pressure-temperature limits for core operation to provide
additional margin during actual power production as specified in Reference 2. The

..~

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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pressure-temperature limits for core operation (except for low power physics tests) are that the
reactor vessel must be at a temperature equal to or higher than the minimum temperature
required for the inservice hydrostatic test, and at least 40°F higher than the minimum permissible
temperature in the corresponding pressure-temperature curve for heatup and cooldown
calculated as described in Section 3 of this report. The vertical line drawn from these points on
the pressure-temperature curve, intersecting a curve 40°F higher than the pressure-temperature
limit curve, constitutes the Iimit for core operation for the reactor vessel.

9.2 Instrumentation Error Margins (if they are to be applied and how they are
determined):

TERR = Temperature instrumentation error = 0
PERR = Prassure instrumentation error = 0
PDELTA = Pressure difference between gage and beltline region = 0

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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_MATERIAL PROPERTY BASIS . , Co .

LIMITING MATERIAL LOWER SHELL LONGITUDINAL WELD (1/4T) o
INTERMEDIATE TO LOWER SHELL CIRC WELDS (3/4T)

LIMITING ART VALUES AT EOL: '/ T 215 7°F
%T 169 0°F
‘2500
4 |Operim Versions.1 Run:26760| - - | - - |- -
] Coak Tost Limitl :
2250 I — _i\ ~
- y Unacceptable| - > : ' Acceptable
2000 i Operation 1 1 - |- -] Y B ~- |- Operation ||
- ’ . U DO ' i (g ) ‘ - [ .
] \ ~ % ; . . | Critical Limit
1750 Heatup Rate : ' 41120 Deg. FMr ||
: . - 20 Deg. F/Hr '\* : -
§ i o i R o ! e
‘& 1500 —
= “ ' ' x“' ‘1‘»«‘
4 1 : : . \/
® 1250 - ’
o J e e - -
o ' A [
8 1/
= ’ ' R A
= 1000
O . . - PR
g1 R/
] / -
750 T =1 T 1 |[cnticatity Limit based on
. R I / A Y  |inservice hydrostatic test
i : _,-/ SRR RN « temperature (334 F) for the
500 — e serviceperiodupto EOL " 4 |
] | Boltup i
250 Temp
3 s
0 L G g £ LA T LAME S S S SNRS BN BN 2 A 'l T RN LS j T I ‘l_l’ I ‘1

0 50 'joo 150 200 250 300 350 400 450 500 550
Moderator Temperature (Deg F)

FIGURE 9-1: Surry Umts land2 Reactor Coolant System Healup Lmntauons (Heatup Rates of 20°Flhr)
' Applicable to End of License (Wllh Margms of 0°Fand 0 p51 for Instrumentation Errors)

Surry Umts l and 2 Heatup and Cooldown Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T)
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/4T)

LIMITING ART VALUES AT EOL: 14T, 215.7°F
T, 169.0°F

2500 =
{ [Operiim Version:5.1 Run26760 |
-1 /
2250 - {Leak Test Limlt}\7 {
. Unacceptable } Acceptable
2000 i Operation Operation [
.
1750
—~ 1 Heatup Rate - -
[&] ~ Critical Limit
E 1500 - 40 Deg. FHr \‘/ 40 Deg. FHr
rA. /
o J
2 J
2 g /
2 1250
[« 4
3 ]
o -
3 1000
o
£ ] /
o /
750 ve
1 / Criticality Limit based on
] inservice hydrostatic test
i _— temperature (334 F) for the
500 service period up to EOL [
] &
Boltup
250 ] Temp
O ™rT —1T T L LENE SR Sut SN Bk SR S NP Sui S Run S £ =TT Loun mn oon

o 50 100 150 200 250 300 350 400 450 500 550
Moderator Temperature (Deg. F)

FIGURE 9-2: Surry Units 1 and 2 Reactor Coolant System Heatup Limitations (Heatup Rate of 40°F/hr)
Applicable to End of License (With Margins of 0°F and 0 psi for Instrumentation Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL LOWER SHELL LONGITUDINAL WELD (]/4T) '
" INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/4T)

LIMITING ART VALUES ATEOL: = - * "WT, 215.7°F
' %T, 169.0°F

R zsoo - : '
i -] {[Operiim Version:5.1 Run:26760| -

SO . [CeakTestLimitl. " ;
" 2250 [Leak’ :

{1 Unacceptable A0S I AR . : . - - | Acceptable
A-4<i17sq B A o1
W CIRIEE I L
- m . be . L .
o 1500 T — -
: : ' ’ i P o * 7 | |Critical Limit| = -
5 '|Heatup Rate o Y. o Ji4—"1]|60Deg. FMr)
‘.‘g NS o _
7@ 1250 , '
a . (-
'u _ -t -
9. . o
',E R »..
g 1000 ]
N q FE ‘-
O -]
RIS o I - ; 1
;750 4 1 CnticalityLimltbased on [ °
: ] inservice hydrostatic test || ¢
g *| temperature (334 F)forthe
S X BERCEEN RS oo o o -] |service period up to EOL
TR B HBoltnp
250 +——— 4= Temp |-

0 +r—rrrttrrrtrrr UL B S e L P ™ T

.0 50 ?{100 150 200 250 7300, 350 - 400. 450 soo 7850 "
Moderator Temperature (Deg. F)

FIGURE 9-3:'Surry Units 1 and 2 Réactor Coolant System Heatup Limitations (Hcatup Ratc of 60°F/hr) B
Applicable to End of License (With Margins of 0°F and 0 psi for Instrumentation Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T) ‘
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/4T)
LIMITING ART VALUES AT EOL: 1/4T7, 215.7°F '
3/4T, 169.0°F

2500 1 {1 § 1 {1 i 1
2148040802
— Il
mo 2250
.; ,
o, 2000
o 1750 UNACCEPTABLE
. OPERATION 7 .
=
1500 f
o
®
., 1250 ACCEPTABLE E_
OPERATION [ ]
a. o
~ 1000
W 7.
=750 HElREEe" 744
«© lr/8r. = ,"
5 500 H L8 Easctes
) t: 22 - u
— 1] so =
1j100 -
< 250 =] BOLY-UP TEMP.
3
0
0 S0 100 150 200 250 300 350 400 450 500

Moderator Temperature (Deg.F)

Figure 9-4: Surry Units 1 and 2 Reactor Coolant System Cooldown Limitations (Cooldown Rates
of 0, 20, 40, 60 and 100 °F/nr) Applicable to End of License (With Margins of 0°F and 0 psi for
Instrumentation Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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MATERIAL PROPERTY BASIS

L]MITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T) N
. INTERMEDIATE 'ro LOWER SHELL cmc WELDS (3/4T)’
LIMITING ART VALUES ATEOL: = m 238.2°F
‘ 3/4'1‘ 183 9°F

2500 : r
- [Operiim Version:5.1 Run:6725| AUV URERY | RO AU
] . , i } . r ]
I j . Leak Test Limity | " I , ‘
2250 , — T
. Unacceptable . Accdptable
2000 1— operatlon Operation [’
1750 : —|—{Heatup Rate Critical Limit
- ] , ; 20 Deg. F/Hr 20 Deg. FHr
7] . .
a 1500 .
o !
S 4
]
a .
- & 1250 - —
o - : .
Lo} r ; ' .
S 1 ,
= . :
2 1000 —t— :
s 1 | |
o ] , / T
750 e R // e i.
] ’ ' N R K .
r TR PR ! Criticality Limit based on ..
i S FRRRFINY BRI EEUAEE B | inservice hydrostatic test .
500 ‘ temperature (294 F) for the —
S e R U R ; service period up to EOLR | *
. Boltup : '
. —" Temp
250 — :
0 AR LA ﬁ.' v .vvv -A -‘ -ﬁm T T T 171 Lamn 2 ‘.Q."’ w-j T

0 50 100 150 200 250 300 350 400 450 500 550
Moderator Temperature (Deg. F)

FIGURE 9_ -5:  Surry Umts 1 and 2 Reactor Coolant System Heatup leltanons (Heatup Rates of 20°F/hr)
*"-"Applicable to End of License Renewal (With Margins of 0°Fand O psi for Instrumentatnon

Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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MATERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T)
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/4T)

LIMITING ART VALUES AT EOL: _ 14T, 238.2°F

3%T, 183.9°F

2500 | |cpertim version:5.1 Run:6725 |
j Leak Test Limit /
2250 I L
] Unacceptable Acceptable
2000 i Operation Operation ||
1750 /
) ] Heatup Rate Critical Limit
124 ] 40 Deg. F/Hr |
g1500 < 40 Deg. F/Hr
o ] /
3 i
@
4 1250
& /
°
Q i
} /
3 1000 -
‘@
(&] ] /
750 - pd
. r o Criticality Limit based on
] inservice hydrostatic test
i [4— || temperature (294 F) for the
500 service period up to EOLR
1 Boltup
] 4| Temp
250
.J
0-11|I LA L L T LLENN A Sn SNNE NN BD AN SR B N B § L LI UL SR B T LI S B o
0 50 100 150 200 250 300 350 400 450 500 550

Moderator Temperature (Deg. F)

FIGURE 9-6: Surry Units 1 and 2 Reactor Coolant System Heatup Limitations (Heatup Rate of 40°F/hr)
Applicable to End of License Renewal (With Margins of 0°F and 0 psi for Instrumentation

Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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ATERIAL PROPERTY BASIS

LIMI'I'ING MATERIAL LOWER SHELL LONGITUDINAL WELD (1/4'1')

a INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/4T)
LIMITING ART VALUES AT EOLR: ~ . . T, 238.2°F

‘ T, 183.9°F

T

T T

| - 2500 : ﬁ
- -+ J{Operim Version5.1 Run:6725 | -

L 2250 .} J-”“Leak'restUmlq'\ﬂ*— LR

i IR IR IRIEY o FARERUS IRTE FONTR | B Cntlcamyl.irmtbased on
A 1. R :.‘.: Bk u;_inservice hydrostaﬁctwt
.. 500 - ‘ ' T R DR - temperature (294F)forlhe__
oY d . - - R L e ‘servnceperlod up to EOLR-
: ' | Boltup |’ SN . ; N
44— Temp | . BN e 1 e . R

1 Unacceptable N D IR T ~ ) " [ Acceptable
2000 B Opemtion | ; RSN | B - —| - Operation™; ||
]
1750
BT L . : . : - t
.8 1500__ — Heatup Rate Critical Limit ;
o ] R 60 Deg FMr 60 Deg. FHr| L
Aj g h - 7 . . ot e
e 1 . =
. £ 1250 - .
I N - |
. B -
. 2 e
~£ Lo - - ;
. g 1000 i
s - -1 )
’ o_; g . . . . : ‘
750 4—H— // R et TEEE

250 4—

0+t b
0 507100 150 "200. 250 . 300. 350 400 - 450 500 sso . 3
Moderator Temperature (Deg. F) ‘

FIGURE 9-7: Surry Units 1 and 2 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°F/hr)

- Applicable to End of License Renewa] (Wxth Margms of O°F and O psi for Instrumematwn B

Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



WCAP-15130 8-10

TERIAL PROPERTY BASIS

LIMITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T)
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/4T)

LIMITING ART VALUES AT EOLR: 1/4T, 238B.2°F
3/4T, 183.9°F
2500 j S I N I |
180719278
wo 2250 1
—— T
7 2]
o, 2000
S— [
o 1750 UNACCEPTABLE
. OPERATION
=
. 1500 7
[74]
© 7
. 1250 ACCEPTABLE
/ OPERATION
[ W)
1000
=]
= 155358 Z,
=~ 750 -{F/as? HwBas
[~} e - TV
_ 0 20 H =wuS NP
= 500 <0 »
© .88
« 250 { EOLT-~-UP TEMP
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Figure 8-8. Surry Units 1 and 2 Reactor Coolant System Cooldown Limitations (Cooldown Rates
of 0, 20, 40, 60 and 100 °F/hr) Applicable to End of License Renewal (With Margins of 0°F and 0
psi for instrumentation Errors})

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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TABLE 9-1: WOG Reactor Vessel 60-Year Evaluation Minigroup Heatup Data at End of License with
' Margms of O°F and O psi for Instrumentation Errors (Includes Vessel Flange Requirements of 130°F and 621

psig per 10CFRS0)

HEA'IUPRATE(S) .. . (DEG.FHR) = 200 .
* INDICATED ' INDICATED ~ " INDICATED * INDICATED - "' INDICATED' INDICATED
... TEMPERATURE PRESSURE TEMPERATURE PRESSURE =~ TEMPERATURE PRESSURE
o (DEG.P (PSIG) ‘ (DEG. B’ (PSIG) , (DEG.F) (PSIG)
1 60 = - 545 21 175 - 653 40 270 1049
T2 65 - 547 22’ 180 f 663 41 275 1089
3 85 - 556 23 185" 674 42 280 1132
4, 9% . 559 24 190 686 43, 285 1178
5 95 561 25’ 195 698 44 290 1227
6 . 100 565 26 200 - 712 45 295 1281
7 105 . 568 27 205 - 726 46 300 - 1338
8 110 5712 28 210 - 742 47 305 1398
9 115 576 29 215" 758 48 310 1460
10 120 580 30 220 776 49 315 ‘ 1526
1 125 - 584 . 31 225" 795 50 320 1597
12 130 - 589 32 230 816 51 325 - 1674
13 - 135 594 33 235 - 839 52 330 1756
14 140~ - 600 34 240 - 863 3 335 1845
15 145 606 35 245 ' 888 54 340 1940
16 . 150 613 36 250 . . © 916 55 345 - 2042
17 - 155 620 37 . 255 7 946 56 350 2152
18 160 - 627 38 260 ' 978 57 355 2270
19 165 635 39" 265 1012 58 360 2397
20 170 644
HEATUP RATE(S) (DEG.FHR) = = 40.0
INDICATED  INDICATED INDICATED  INDICATED INDICATED  INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
(DEG.F) (PSIG) (DEG.F) . (PSIG) (DEG.F) (PSIG)
1 60 545 21 175 653 41 275 1089
2 65 541 . 22 180 . 663 42 280 1132
3 8s 549 23 185 - 674 43 285 1178
4 90 549 24 190 686 44 290 1227
5 95 549 25 195 698 4s 295 1281
6 ~ 100 549 26 200 712 46 300 1338
7 105 550 27 £ 205 726 47 30s 1399
8 110 553 28 210 742 - 48 310 1458
9 115 557 29 215 758 49 315 1520
10 120 562 30 220 776 50 320 1586
11’ 125 568 31 - 225 795 51 - 325 1658
12 130 574 32 230 816 52 330 1735
13 135 581 33 235 839 53 335 1817
14 140 590 34 240 . 863 54 340 1906
15 145 598 35 245 888 55 345 2002
16 150 608 36 250 916 56 350 2104
17 155 618 37 255 946 57 3ss 2214
18 160 627 38 260 978 58 360 2332
19 165 635 39 265 1012 59 365 2459
20 170 644 40 270 1049

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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WCAP-15130
Table 9-1, Continued
HEATUP RATE(S) (DEG.F/HR)) = 60.0
INDICATED INDICATED INDICATED INDICATED INDICATED INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE. PRESSURE
(DEG. F) (PSIG) (DEG. B (PSIG) (DEG. F) (PSIG)
1 60 524 21 175 607 41 275 1089
2 65 524 22 180 620 42 280 1132
3 85 524 23 185 634 43 285 1178
4 90 524 24 190 649 44 290 1227
5 95 524 25 195 665 45 295 1281
6 100 524 26 200 683 46 300 1338
7 105 524 27 205 702 47 305 1399
8 110 524 28 210 722 48 310 1459
9 115 525 29 215 744 49 315 1517
10 120 526 30 220 767 50 320 1579
11 125 529 31 225 793 51 325 1646
12 130 533 32 230 816 52 330 1718
13 135 538 33 235 839 53 335 1796
14 140 543 34 240 863 54 340 1879
15 145 550 35 245 888 55 345 1968
16 150 557 36 250 916 56 350 2063
17 155 566 37 255 946 57 355 2166
18 160 575 38 260 978 58 360 2276
19 165 585 39 265 1012 59 365 2395
20 170 595 40 270 1049

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 9-2: WOG Reactor Vessel 60-year’ Evaluahon Mlmgroup Cooldown Data at End of
License with Margins of 0°F and 0 psi for Instrumentation Errors (Inc!udes Vessel Flange
Requlraments of 130°F and 621 psig per 10CFR50)

( 0 DEG-F./ HR'CQOLDONN) oL R
A it e T .
INDICATED  INDICATED , . INDICATED - INDICATED - - INDICATED INDICATED
N " TEMPERATURE PRESSURE - - TEMPERATURE PRESSURE N TEXKPERATURE PRESSURE
P "(DEG.F) - (PEIG} . " APEG.F)  (PSIG) . “(DEG.F)  .(PSIG)
1 60,000 . 5¢4.7 . .22 '155 000 . 635.18 .. 42 '265.000 1012.28
2 --'65.000 :'546.66 - . .. 2) :170.000 643.87 - 4 '270.000 1049.31
3 -70.000- - 548,70 24 .175.000 653.22 .t 44 275.000 1089.13
B 4 75.000 ' 550.90 ;° .25 180.000 . - 663.27 < 45 ' 2680.000 1131.94
-] " 80,000 ' 553.26 . - 26 185.000 :674.07 coo- 486 285.000 1177.97
S . 85,000 - 855.79 .27 190.000 685.69 . 47 2%0.000 1227.45
s ? 1’90.000 ~558.52 1 195.000 1698.18 ° <48 295.000 1280.66
..o 8 - 95.000 "1 561.45 L0029 200.000 711.61 I 49 300.000 1337.86
R | 100,000 "564.60 ", 30 205.000 726.04 1.0 80 305.000 1399.37
2. 10 105,000 ~8567.99 R} § 210.000 "741.57 S1 310.000 1465.49
R & 110,000 '571.64 . w32 215.000 .758.25 . 52 315.000 1536.59
112 115.000 - :575.88 .. 33 . 220.000 .776.20 -’53 320.000 1613.03
- .13 120.000 1575.76 . 34 225.000 795.49 54 325.000 1695.21
14 125.000 584.29 3s 230.000 816.23 . .55 330,000 . 1783.57
15 130,000 589.16 36 235.000 . 838.53 56 - 335,000 1878.57
16 235.000° 594.40 37 240.000 862.51 57 340.000 1880.71
17 140.000 . 600,02 38 245.000 8688.28 58 345.000 2090.53
8 . 145,000 606.08 k1 250.000 916.00 . 89 350.000 2208.60
19 150.000 612.58 . 40 255.000 945.80 ¢ - 60  155.000 2335.54
- 20 155,000 7 619.58 . 41.° ,260.000 - -977.81 I 1 - 360.000 2472.02 -
... 21 -160.000 627.10 S e : :
‘ . .
{ :-20 DEG-F / HR COOLDOWN) . conu Lt
AN INDICATED  INDICATED o INDICATED INDICATED s INDICATED INDICATED
- TEMPERATURE PRESSURE o TEMPERATURE PRESSURE " ., TEMPERATURE PRESSURE
S (chofxi (PSIG) PN N ({DEG.F) . (PSIG) o (DEG.F) (PSIG)
. : : 5 Dol e - St R
1 60.000 499.36 17 140.000 554.96 33 220.000 - 740.08
2 65.000 $01.20 " 18 145.000 561.21 I 225,000 - 760.52
i 3 70.000 . 503.16 C19 150.000- - 567.54 35 - 230.000 782.53
- 4 75.000 505.30 . 20 155.000. - ° §75.21 36 235.000 806.24
-5 80.000 - $07.59 21 160.000 _ 583.02 LA 260.000 ° 831.72
6. 85.000 510.09 .42 165.000 : 591.46 a8 245.000 . 859.17
-7 90.000 .- 512.78 . 23 170.000 -, 600.53 -39 250.000 888.68
8 95.000 515.71 24 175.000 610.33 40 255.000 920.46
9 100.000 518.85 a5 180.000 620.85 41 260.000 954.63
10 105.000 522.26° 26 185.000 632.20 42 265.000 991.41
11 110.000 525.93 27 190.000 644.41 43 270.000 1030.96
12 115.000 529.90 a8 195.000 657.57 44 275.000 . -1073.53
13 120.000 534.18 29 200.000 671.72 45° - 280.000 1119.30
14 125.000 536.81 30 205.000 686.98 46 285.000 . 1168.57
15 130.000 543.78 31 ..., 210.000 - > 703,37 T 47° 7 290.000 1221.54
16 -.- 135.000°. "7 549.17 32, - 215,000 - . 721.05 48 - 295.000 1278.55
~ «

Led

Surry Units 1 and 2 Heatup and Coo!down Limit Curves
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Table 9-2, Continued

( 40 DEG-F / HR COOLDOWN)

INDICATED  INDICATED INDICATED  INDICATED INDICATED  INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
(DEG.F) {PSIG) {DEG.F) (PSIG) {DEG.F) (PSIG)
1 60.000 453.02 17 140.000 $09.11 a3 220.000 704.14
2 65.000 454.75 18 145.000 515.60 34 225.000 725.90
k) 70.000 456.64 19 150.000 522.59 35 230.000 749.32
4 75.000 458.71 20 155.000 510.16 36 235.000 774.57
5 80.000 460.96 21 160.000 538.32 37 240.000 801.73
6 £5.000 463.43 22 165.000 S547.14 38 245.000 - 821.01
7 90.000 466.10 23 170.000 556.65 39 250.000 862.52
8 $5.000 469.01 24 175.000 566.92 40 255.000 896.46
9 100.000 472.16 25 180.000 577.99 41 260.000 932.98
10 105,000, 475.60 26 185.000 589.54 42 265.000 972.33
11 110.000 479.32 27 190.000 602.82 43 270.000 1014.65
12 115.000 4831.36 a8 195.000 616.71 4« 275.000 106Q.25
13 120.000 487.72 29 200.000 £31.68 45 280.000 1109.29
14 125,000 492.46 30 205.000 647.82 46 285.000 1162.12
15 130.000 457.58 3 210.000 665.21 47 290.000 1218.94
16 135.000 503.12 32 215.000 683.96 48 295.000 1280.12

{ 60 DEG-F / HR COOLDOWN)

INDICATED  INDICATED INDICATED  INDICATED INDICATED INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
(DEG.F) {PSIG) (DEG.T) (PSIG) {DEG.F) {PSIG)
1 §0.000 405.62 17 140.000 462.47 33 220.000 668.57
2 65.000 407.26 18 145.000 469.21 34 225.000 691.75
3 70.000 409.09 19 150.000 476.51 a5 230.000 716.74
4 75.000 411.11 20 155.000 484.42 36 235.000 741.68
5 §0.000 413.32 21 160.000 492.96 37 240.000 772.71
§ 85.000 415.76 22 165.000 502.22 38 245.000 804.00
? 50.000 418.42 23 170.000 512.22 33 250.000 837.71
8 95.000 421.33 24 175.000 523.03 40 255.000 874.04
9 100.000 424.51 25 180.000 514.71 41 260.000 913.17
10 105.000 427.95 26 185.000 547.33 42 2€5.000 955.34
11 110.000 431.77 27 190.000 560.95 43 270.000 1000.74
12 115.000 435.89 28 195.000 575.66 44 275.000 1049.65S
13 120.000 440.36 29 200.000 581.53 45 280.000 1102.32
u 125.000 445.24 30 205.000 60B.66 46 285.000 1159%.05
15 130.000 450.52 31 210.000 627.14 47 290.000 1220.12
16 135.000 456.256 32 215.000 647.08

( 100 DEG~-F/HR COOLDOWN )

INDICATED  INDICATED INDICATED  INDICATED INDICATED  INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
(DEG.F) (PSIG) (DEG.F) {PSIG) {DEG.F) {PSIG)
1 60.000 307.52 17 140.000 3166.79 32 215.000 574.65
2 65.000 3058.03 18 145.000 374.18 33 220.000 599.21
3 70.000 310.75 19 150.000 3s2.21 k1] 225.000 625.75
4 75.000 312.69 20 155.000 350.95 35 230,000 654.39
5 80.000 114.85 21 160.000 400.43 36 235.000 685.32
6 85.000 317.26 22 165.000 410.74 37 240.000 718.69
7 90.000 315.93 23 170.000 421.90 38 245,000 754.70
8 95.000 322.90 24 175.000 434.02 39 250.000 793.54
9 100.000 326.17 25 180.000 447.14 40 255,000 835.44
10 105.000 329.78 26 185.000 461.35 41 260.000 880.62
11 110.000 333.75 27 150.000 476.73 42 265.000 929.35
12 115.000 338.10 28 185.000 493.39 43 270.000 981.86
13 120.000 342.87 29 200.000 511.39 44 275.000 1038.48
14 125.000 348.09 0 205.000 5130.86 45 280.000 1099.49
15 130.000 353.79 31 210.000 551.90 46 285.000 1165.28
16 135.000 360.02

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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TABLE 9-3: WOG Reactor Vessel GO-YéAf'IéVaiﬁédoﬁ Mi-nigroup Heatup Data at End of License Renewal
" with Margms of 0°F and O psi for Instrumentation Errors (Includes Vessel Flange Requlrements of 130°F and

621 ps1g per 10CFR50)
. }ﬂiATIH’RAHIKS)
."‘ ’ Ibﬂ)ﬂ:AﬂTﬂ)
. TEMPERATURE
o - (DEG.F)
| 60
] 65
.3 85
4. 90 .
.5 95
6 100
1 105
8 110
9 115
10 120
11 125
12 130
13 130
14 135
.15 140
16 145
17 150
HEATUP RATE(S)
INDICATED
TEMPERATURE
(DEG.F)
1 60
2 65
3 85
4 90
5 95
6 100
7 105
8 110
9 115
10 120
11 125
12 130
13 130
14 135
15 140
16 145
17 150

ODEKE IV}HQ)

INDICATED
PRESSURE
(PSIG)

- 621
621

. 621
621
621
621

. 621
621
621
621
621
621
1690
695
700
706
713

(DEG. F/HR.)

INDICATED
PRESSURE
(PSIG)
621
621
621
621
621
621
621
621
621
621
621
621
690
695
700
706
713

- o

18

. 19

20

..-21

22
- 23
.24

26

27
28

29
.30

31
32
33

18
19
20
21
22
23
24

26
27
28
29
30
31
32
33

oy

‘20.0 )

INDICATED  INDICATED - - .

TEMPERATURE ~ PRESSURE

(DEG.F) “(PSIG)
155 ; 720
160 ; 728
165 ; 737
170 747
175 .. .758
180 - . 770
185{ ,783
190 - 797
195 814
200 . .831
205 - 851
210 . 873
215 - 897
220 924
225 - 953
230 . 985
235 1021

400

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG. ) (PSIG)
155 720
160 728
165 737
170 747
175 758
180 770
185 783
190 797
195 814

- 200 831
205 851
210 873
215 897
220 924

. 225 953
230 985
235 1021

. 35
36
- 37

- 38

.39

- 41

42
43

. 45
46
vy
. 48
" 49
50

35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51

'INDICATED  INDICATED
TEMPERATURE PRESSURE

{DEG. P (PSIG)
240 1061
245 1105
250 1153

. 255 1207
260 1266
265 1326
270 1392
275 1465
280 1545
285 1634 -
290 1732
295 1840
300 1960
305 . 2092
310. 2239
315 2400

INDICATED  INDICATED

TEMPERATURE PRESSURE

(DEG.F) (PSIG)
240 1061
245 1105
250 1153
255 1207
260 1266
265 1325
270 1386
275 1452
280 1525
285 1606
290 1696
295 1795
300 1504
305 2024
310 2157
315 2304
320 2466

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 9-3, Continued
HEATUP RATE(S) (DEG. F/HR.) = 60.0
INDICATED  INDICATED INDICATED INDICATED INDICATED  INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
(DEG. F) (PSIG) (DEG. F) (PSIG) (DEG. B (PSIG)
1 60 621 18 155 694 35 240 1061
2 65 621 19 160 707 36 245 1105
3 85 621 20 165 721 37 250 1153
4 9 621 21 170 738 38 255 1207
5 95 621 22 175 756 39 260 1266
6 100 621 23 180 770 40 265 1329
7 105 621 24 185 783 41 270 1384
- 8 110 621 25 190 797 42 275 1445
9 115 621 26 195 814 43 280 1512
10 120 621 27 200 831 44 285 1586
11 125 621 28 205 851 45 290 1668
12 130 621 29 210 873 46 295 1758
13 130 649 30 215 897 47 300 1858
14 135 656 31 220 924 48 305 1967
15 140 663 32 225 953 49 310 2089
16 145 672 33 230 985 50 315 2222
17 150 682 34 235 1021 51 320 2370

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 8-4: WOG Reactor Vessel éoiyear'é\?'aiua:tidn Minlgroup Cooldown Data at £nd of
License Renewal with Margins of Q°F and 0 psi for Instrumentation Errors (Includes Vessel
Flange Requirements of 130°F and 621 pslg per 1OCFR50)

"_,t,-sr:m-snncoo:.m» LS S
© " INDICATED INDICATED . INDICATED INDICATED ) INDICATED  INDICATED

) TEMPERATURE PRESSURE . TEMPERATURE PRESSURE TEMPERATURE PRESSURE
e (DEG.F) {PSIG) L (DEG P) {PSIG) T . (DEG.F) (PSIG)

B S ~60.000 . 621,00 .- - 15 1‘5 000 206.38 .. .36 230.000 985.43

-2 -65.000- 621.00 ;@b 150.000 712.94 .37 235.000 1021.34

| -70.000 621,00 : 21 155.000 .720.19 -+ 38 240.000 1061.02

[ -75.000 1621.00 o, 22 160.000 :728.20 . .39 245.000 1104.88

5 80.000 ;621.00 w123 165.000 737.06 T..'40 250.000 1153.35

6 -85.000 - -621.00 ooor 24 170.000 746.84 - 41 255.000 1206.91

7 90.000 621.00 R 31 175.000 = 757.66 - 42 * 260.000 1266.11

g . +95,.000 621.00 - .26 180.000 769.61 .43 265.000 1331.54

A 100.000 621.00 - 27 1685.000 782.82 44 270.000 14013.85

s 10 105.000 - 621.00 C... 28 150.000 797.42 . - 45 275.000° 1483.76

S B 110.000 © €21.00 29 195.000 813.S5 46 280.000 1572.08

12 115.000 621.00 - a0 200.000 831.28 47 285.000 1669.68

13 120.000 €21.00 a 205.000 851.09 48 290.000 1777.56

14 125.000 €21.00 32 210.000 872.87 49 295.000 -7 . .1896.77

15 130.000 621.00 a3 215.000 896.94 50 300.000 2028.53

16 130.000 690.22 kY 220.000 923.54 S1 305.000 2174.14

-17 - .135.000 - 695.08 - 35 225.000 - 952.94 ©.82 - 310.000 . 2335.06

7180 '340.000. 700.4S T

{20 DEG-F 7 HR.COOLDOWN) .

INDICATED INDICATED - . - INDICATED INDICATED - . INDICATED  INDICATED

. TEMPERATURE PRESSURE o TEMPERATURE PRESSURE CoLd TEMPERATURE PRESSURE
: (DEG.F) - {PS1G) T (DEG P)' (PSIG) o (DEG.F) {PSIG)
R | €0.000 609.42 -. 18 130 000 : 621.00 . 28 190.000 - 759.39
2 65.000 - 610.55 o 16 130.000 644 .51 ' 29 195.000 776.89
-3 70.000 - 611.78 17 135.000 649.62 « A0 200.000 ° 796.23
‘4 75.000 ' 613.17 18 140.000 - 655.27 B} | 205.000 817.67
5° 80.000 614.72 .18 145.000 661.56 w32 210.000 . 841.36
6 - 85.000 616.47 20 150.000 668.51 33 215.000 B867.60
7 90.000 618.41 21 155.000 676.25 34 220.000 896.61
8 95.000 .620.59 22 160.000 684.79 35 225.000 928.73
L4 100.000 621.00 23 165.000 694.29 36 230.000 964.23
10 105.000 621.00 24 170.000 - 704.79 37 235.000 - 1003.S5)
11 110.000 621.00 25 175.000 716.4¢ as 240.000 1046.97
12 115.000 621.00 26 180.000 729.31 39 245.000 1095.04
13 120.000 621.00 27 185.000 743.60 40 250.000 1148.19
14 125.000 621.00

{ 40 DEG-r / HR COOLDOWN)

INDICATED INDICATED INDICATED  INDICATED INDICATED INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
{DEG.F) {PSIG) (DEG.F) {PSIG) {DEG.F) {PS1G)

1 60.000 562.49 14 125.000 5$93.23 27 190.000 721.72
2 65.000 563.48 15 130.000 598.05 28 195.000 740.76
3 70.000 564.63 16 135.000 603.45 29 200.000 761.82
4 75.000 565.95 17 140.000 609.44 3o 205.000 785.21
5 80.000 567.45 18 145.000 616.12 31 210.000 811.08
6 85.000 569.16 19 150.000 623.56 32 215.000 839.76
9 $0.000 571.08 20 155.000 631.83 33 220.000 871.50
8 95.000 573.27 21 160.000 641.01 k1] 225.000 906.67
9 100.000 575.71 22 165.000 651.23 35 230.000 945.59
10 105.000 578.47 23 170.000 662.55 36 235.000 988.69
11 110.000 581.56 24 175.000 675.14 37 240.000 1036.39
12 115.000 585.03 25 180.000 689.08 38 245.000 1089.20
13 120.000 588.89 26 185.000 704.57 39 250.000 1147.63

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 9-4, Continued
{ 60 DEG-F / HR COOLDOWN)
INDICATED INDICATED INDICATED INDICATED INDICATED INDICATED
TEXNPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
{DEG.F) (PSIG) {DEG.F) (PSIG) (DEG. F) (PSIG)
1 60.000 514.47 14 125.000 545.74 27 190.000 684.59
2 €5.000 515.37 15 130.000 550.85 28 195.000 705.36
3 70.000 516.44 16 135.000 556,58 28 200.000 728.40
¢ 75.000 €17.70 17 140.000 562.97 30 205.000 753.97
5 80.000 519.16 18 145.000 570.13 3 210.000 7082.31
5 85.000 520.84 19 150.000 578.10 12 215.000 813.75
] 90.000 522.77 20 155,000 587.01 33 220.000 848.58
8 95.000 526.97 21 1606.000 596.91 34 225,000 887.20
9 100.000 527.47 22 165,000 607.95 35 230.000 929.98
10 105.000 530.30 23 170.000 620.22 36 235.000 977.39
11 110.600 533.50 24 175.000 633.87 37 240.000 1029.89
12 115.000 537.12 28 180.000 6¢3.03 38 245.000 1088.06
13 120.000 541.17 26 185,000 §65.89 39 250.000 1152.46
{ 100 DEG-F/HR COOLDOWN )
INDICATED INDICATED INDICATED INDICATED INDICATED INDICATED
TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE PRESSURE
(DEG. F) (PSIG) {DEG.F) {PSIG) . (DES.F) (PSIG)

1 €0.000 415,07 14 125.000 448.40 27 190.000 612.86
2 65.000 415.82 18 130.000 454.25 28 195.000 637.87
3 70.000 416.78 16 135.000 460.85 29 200,000 665.66
4 75.000 417,95 17 140.000 468.26 30 205.000 696.57
5 80.000 419.137 18 145.000 476.60 i 210,000 730.88
6 85.000 421.06 19 150.000 485.9¢ 32 215,000 769.00
] -$0.000 423.04 20 155.000 456.40 33 220.000 811.31
8 95.000 425.35 21 160.000 508.10 3¢ 225,000 858.27
9 100.000 428.02 22 165.000 521.18 35 230.000 910.36
10 105.000 431.11 23 170.000 §35.77 g 235.000 968.15
11 110.060 434.63 24 175.000 §52.05 37 240,000 1032.23
12 115.000 438.65 25 180.000 570.18 38 245.000 1103.29

13 120.000 443.22 26 185.000 590.38

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Enable Temperature Calculation -
10.1 ASME Code Case N-514 Meltiodology -~

ASME Code Case N-514 requires that the LTOP or COMS system be in operatlon atcoolant
temperatures less than 200°F or at coolant temperatures less than & temperature corresponding
to a reactor vessel metal temperature less than RTyor 4+ 50°F, whichever is greater. RTyor is the
highest adjusted reference temperature (ART) for the limiting beltline material at a distance one
fourth of the vessel section thickness from the vessel inside surface (i.e.; clad/base metal
interface), as determined by Regulatory Guide 1.99, Re\nsion 2 n A :

10.2 Enable Temperature Calculation: R

10.2.1 Endof License Enable Temperature
| The hlghest calculated 1I4T AHT for the 8uny Untts 1 and 2 reactor vessel beltlme region at the
end of license EFPY is 215.7°F, R

_From the OPERLIM computer code output for the N. Anna Units 1 and 2 end of license pressure
" temperature limit curves without margms the maximum DT..,.,., is ‘ *

Cooldown Rate (Steady-State Cooldown)
max (DT mew) at 1/4T = O°F

Heatup Rate of 60°F/Hr:
max (DTmewr) at 1/4T = 36.1°F

Minimum Enable Temperature (ENBT) = RTypr+ 50 + max (DTmew), °F
= (215.7+50+ 36.1) °F
= 301.8°F

The minimum required enable temperature for the Surry Units 1 and 2 Reactor Vessel are
conservatively chosen to be 305°F for the end of license pressure temperature limits.

- - e R

Surry Units 1 and 2 Heatup and Cooldown Limit Curves - S
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10.2.2 End of License Renewal Enable Temperature Calculation

The highest calculated 1/4T ART for the Surry Units 1 and 2 reactor vessel beltline regron atthe
end of license renewal EFPY is 238.2°F.

From the OPERLIM computer code output for the Surry Units 1 and 2 end of license renewal
pressure temperature limit curves without margins, the maximum DT is:

Cooldown Rate (Steady-State Cooldown):
max (DT mew) at 1/4T = 0°F

Heatup Rate of 60°F/Hr:
max (DTmew) at 1/4T = 36.1°F

Minimum Enable Temperature (ENBT) = RTnpr + 50 + max (DT mew), °F
(238.2+ 50+ 36.1)°F

324.3°F

“The minimum required enable temperature for the Surry Units 1 and 2 Reactor Vessel are
conservatively chosen to be 325°F for end of license renewal EFPY.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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APPENDIX E

Westinghouse Letter VPA-03-193 dated October 9, 2003
“Dominion Generation, Surry Units 1 and 2, Thermal Stress Intensity Factors and
Vessel Wall Temperatures for PT Curves from WCAP-15130, Revision 1”




Nuclear Services

P.O. Box 355

Pittsburgh, Pennsylvania 15230-0355
- USA

‘ . weSt inghouse ' ' Westir;ghouse Electr%c Company

Mr. Robert Margolis ' " Direct tel: 412-374-6345

Dominion Generation Direct fax: 412-374-3257

Innsbrook Technical Center . e-mail: Ricel wr@westinghouse.com
5000 Dominion Boulevard '

Glen Allen, VA 23060

Our ref: VPA-03-193

October 9, 2003

DOMINION GENERATION
_ ' ‘ SURRY UNITS 1 AND 2
Thermal Stress Intensity Factors and Vessel Wall Temperatures for PT Curves from WCAP-15130,
.Revision 1 X

Dear Mr. Margolis:

Reference: (1) WCAP-15130, Revision 1, “Suriy Units 1 and 2 WOG Reactor Vessel 60-Year
Evaluation Minigroup Heatup and Cooldown Limit Curves for Normal Operation,” April
2001. :

* Per your request, Westinghouse has extracted the thermal stress intensity factors for the end-of-license-
renewal PT Limit curves from Reference 1 above. In addition, the vessel wall temperatures (%4 & %
thickness only) were also obtained. All this information is present in Tables 1 and 2 of Attachment 1. As
a note, for proprietary concerns, the requested information was obtained for just the maximum heatup and
cooldown rates and therefore is non-proprietary. Based on past experiences, this should be sufficient to
satisfy any NRC questions.

Please contact Mr. Tom Laubham at (412) 374-6788 or me on (412) 374-6345 if you have any questions
regarding this information.

Very truly yours,
WESTINGHOUSE ELECTRIC COMPANY

wmu

W. R. Rice
Customer Projects Manager

Cc: J. Harrell

/

Official Record Electronically Approved in EDMS 2000 A BNFL Group company
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bec:  W.R.Rice
S. M. DiTommaso
T. Laubham
VRA File

Reference:
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Ourref: VPA-03-193
October 9, 2003

Official Record Electronically Approved in EDMS 2000

ATTACHMENT 1
. : B . TABLE 1
Kit Values for 60°F/hr Heatup Curve (EOLR)
Water Vessel Temperature{ 1/4T Thermal | Vessel Temperature | 3/4T Thermal
Temp. @ 1/4T Location for Stress @ 3/4T Location for ~ Stress
(°F) 60°F/hr Heatup Intensity Factor 60°F/hr Heatup Intensity Factor
o °F) (KSI SQ. RT. IN.) ' °F) (KSI SQ. RT.IN.)
75 71.53 -1.0783 - 70.17 0.6035
80 74.86 -2.4166 70.94 1.6199
85 78.38 -3.3610 72.58 2.4071
PT Curves are Limited by the SS up to Temp. = 85°F,
then limited by the 3 T location up to Temp. = 210°F
90 82.23 -4.1929 74.89 3.0490
95 86.31 -4.8132 77.72 3.5571
100 90.55 -5.3471 '80.98 3.9718
105 94.96 . -5.7538 84.58 43030
110 99.45 -6.1038 88.45 4.5747
115 104.07 -6.3735 92.52 4.7938
120 108.73 -6.6083 96.77 4.9753
125 113.47 -6.7908 101.15 5.1236
130 118.24 -6.9528 105.64 5.2481
135 123.06 -7.0801 110.21 5.3514
140 127.89 -7.1959 114.85 5.4397
145 132.76 -7.2882 119.55 5.5146
150 137.64 -7.3746 124.29 5.5799
155 142.55 -7.4447 129.06 5.6366
160 147.45 -7.5123 133.86 5.6874
165 152.37 -7.5683 138.69 5.7325
170 157.30 -7.6239 143.53 5.7739
175 162.23 -7.6710 148.38 5.8117
180 167.17 -7.7189 153.24 5.8472
185 172.11 -7.7604 158.12 5.8803
190 177.06 -7.8033 163.00 5.9120
195 182.00 -7.8413 167.89 5.9421
200 186.95 -7.8810 172.78 5.9714
205 191.90 -7.9168 177.67 5.9996
210 196.86 -7.9544 182.57 6.0273
PT Curves are limited by the SS from Temp. = 215°F to 260°F,
then limited by the % T location up to Temp. = 320°F
215 | 201.81 |  -7.9888 | 187.47 { 6.0544

A BNFL Group company
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Our ref: VPA-03-193

Vessel Radius to the Y4T and 34T Locations are as follows:
. 1/4T Radius = 81.130” &

. 3/4T Radius = 85.170”

Official Record Electronically Approved in EDMS 2000

October 9, 2003
220 206.76 -8.0252 192.37. 16.0812
225 211.72 -8.0588 - 197.27 6.1075
230 216.67 -8.0943 202.18 6.1337
235 221.62 -8.1275 207.08 | 6.1596
240 226.58 -8.1625 211.99 6.1854
245 231.53 -8.1954 216.90 6.2110
. 250 236.49 -8.2301 221.80 6.2367
255 241.45 -8.2630 226.71 6.2622
260 246.40 -8.2975 231.62 6.2877
265 251.36 -8.3304 236.53 6.3132
270 " 256.31 -8.3648 24143 6.3387
275 261.27 -8.3977 246.34 6.3642
280 266.23 -8.4321 251.25 6.3897
285 271.18 -8.4652 256.16 6.4152
290 276.14 -8.4996 261.06 6.4408
295 281.09 -8.5328 265.97 6.4664
300 286.05 -8.5673 270.88 6.4921
305 291.00 -8.6006 275.78 6.5177
310 295.96 -8.6351 280.69 6.5434
315 300.91 -8.6686 285.60 6.5692
320 305.87 . -8.7032 290.51 16.5950

A BNFL Group company
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TABLE2- - .
Kit Values for 100°F/hr Cooldown Curve (EOLR)

Water Vessel Temperature @ 100°F/hr Cooldown
Temp. 1/4T Location for. 1/4T Thermal Stress
°F) 100°F/hr Cooldown Intensity Factor
: (°F) (KSI SQ. RT. IN.)
From Temp. = 250°F to 310°F the 100°F/hr. the Cooldown Curve is
limited by the lower rates or SS.
245 269.20 . 14.8707
240 264.13 - 14.8127
235 | 25905 14.7538
230 253.97 14.6953
225 ' 248.90 14.6360
220 243.82 _ 14.5771
. 215 238.74 14.5176
210 233.67 : 14.4585
205 228.59 : 14.3988
200 223.51 14.3396
195 21843 14.2799
190 213.36 ‘ 14.2206
185 208.28 14.1609
180 203.20 14.1017
175 198.12 14.0420
170 193.05 13.9829
165 187.97 13.9233
160 182.89 13.8643
155 177.81 13.8049
150 172.74 13.7460
145 167.66 13.6868
140 162.58 13.6281
135 157.50 13.5690
130 152.43 13.5105
125 147.35 13.4517
120 - 142.27 13.3934
115 137.20 13.3349
110 132.12 13.2768
105 127.04 13.2185
100 121.97 13.1607
95 116.89 13.1026
90 111.82 13.0450
85 106.74 12.9872
80 101.66 12,9299

Officfal Record Electronically Approved in EDMS 2000 A BNFL Group company



75
70
65
60

96.59
91.51
86.44
81.36

Page6 . .
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12.8723
12.8153
12.7580
12.7004

Official Record Electronically Approved in EDMS 2000
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- TS 3.1-9

032166

Heatup and cooldown limit curves are calculated using the most limiting value of the
nil- ducn]ny reference temperature, RTnpr, at the end onS—B-Effectlve Full Power Years
(EFPY) and %9-4-IEFPY for Units 1 and 2, respectively. The most limiting value of RTNDT
(3388-42—513) occurs at the 1/4-T, 0° azimuthal locanon in the Unit 1 intermediate-to- lower
shell circumferential weld. The limiting RTNDT at the 1/4-T location in the core region is
greater than the RTynp of the limiting unirradiated material. This ensures: that all
components in the Reactor Coolant System will be operated conservatively in accordance

with applicable Code requirements.

The reactor vessel materials have been tested to determine their initial RTypt; the results
are presented in UFSAR Secfion 4.1. Reactor operation and resultant fast neutron .
(E greater than 1 MEV) irradiation can cause an increase in the RTnpr. Therefore, an
adjusted reference temperature, based upon the copper and nickel content of the material
and the fluence was calculated in accordance with the recommendations of Regulatory
Guide 1.99, Revision 2 ‘A‘EffectsAof Residual Elements on Predicted Radiation Damage to
Reactor Vessel Materials.” The heatup and cooldbwn limit curves of Figures 3.1-1
and 3.1-2 include predicted adjustments for this shift in RTypr at the end of—J?'.’Sig EFPY
éndzgri EFPY for Units 1 and 2, respectively (as well as adjustments for location of the

pressure sensing instrument).

Surveillance capsules will be removed in accordance with the requirements of ASTM
E185-82 and 10 CFR 50, Appendix H. Thé surveillance specimen withdrawal schedule is
shown in the UFSAR. The heatup and cooldown curves must be recalculated when the
ARTypt determined from the surveillance capsule exceeds the calculated ARTNbT for the
equivalent capsule radiation exposure, or when the service period exceedsgg-:g EFPY or

8./
-’-’-94 EFPY for Units 1 and 2, respectively, prior to a scheduled refueling outage.

Amendment Nos-Bases.



TS 3.1-10

+2=28-95
Allowable pressure-temperature relationships for various heatup and
. cooldown rates are calculated using methods derived from Appendix G
in Section [l of the ASME Boiler and Pressure Vessel Code as required
by Appendix G to 10 CFR Part 50. ' '

The general method for,ealcqlating heatup and cooldown limit curves is
based upon the principles of the linear_elasticfraciure mechanics (LEFM)
technology. In the calculation procedures a semi-elliptical surface defect
with a depth of one-quarter of the wall thickness, T, and a length of one
and one half T is assumed to exist at the inside of the vessel wall as well
as at the outside of the vessel wall. The dimensions of this postu|ated
crack, referred to in Appendix G of ASME Section lll as the reference
flaw, amply exceed the current. capabilities of inservice inspection -
techniques. Therefore, the reactor operation limit curves dev‘eloped for
this reference crack are conservative and provide sufficient safety
margins for protection against non;ducti!e failure. To assure that the
radiation embrittiement effects are accounted for in the calculation of the

limit curves, the most limiting value of the nil ductility reference
temperature, RTNDT, is used and this includes the radiation-induced

shift, ARTNDT, corresponding to the end of the period for which heatup
and cooldown curves are generated.

The ASME approach for calculating the allowable limit curves for various

heatup and cooldown rates specifies that the total stress intensity factor,
Ki, for the combined thermal and pressure stresses at any time during

heatup or cooldown cannot be greater than the referenge stress intensity

factor, Km, for the metal temperature at that time. KR i rsS obtarne%érom
1 4
the reference fracture toughness curve, defined in Appeegrx—-oé‘-

ASME Code. The K;gcurve is given by the equation:
Kif-=-26-78~+1-223-exp{6-0 M4S(T-RTNpT+160)- (1)

where Kip-is the reference stress intensity factor as a function of the

iIc \ . -
metal temperature T and the metal nil ductility reference temperature
RTNDT. Thus, the goveming equation for the heatup-cooldown analysis

is defined in Appendix G of the ASME Code as follows:

CKim+KnsKr-ic (2)
where, K| is the stress intensity factor caused by membrance (pressure)

stress.
endment Nos. -28+=and—207.

ic =33.2 +20.739 exp[0.02(T~RT, o) |




TS 3.1-11
+2-28-95-

Ky is the stress intensity factor caused by the thermal gradients

{;Km}rovided by the code as a function of temperature relative to ]
. 8 RTNDT of the material. '

C = 2.0 for level A and.B service limits, and

C = 1.5 for inservice hydrostatic and leak test operations.

At any time during the heatup or cooldown transieniKm-:d'etennined
by the metal temperature at the tip of the postulated '.C appropriate
value for RTNDT, and the reference fracture toughness curve. The
thermal stresses resulting from temperature gradients through the vessel
wall are calculated and then the corresponding thermal stress intensity . .
factor, Ky, for the reference flaw is computed. From Equation (2) the a
pressure stress intensity factors are obtained and, from these, the
allowable pressures are calculated.

The heatup limit curve, Figure 3.1-1, is a composite curve which was
- prepared by determining the most conservative case, with either the
inside or outside wall controlling, for any heatup rate up to 60°F per hour.
The cooldown limit curves of Figure 3.1-2 are composite curves which
were prepared based upon the same type analysis with the exception
that the controlling location is always the inside wall where the cooldown
thermal gradients tend to produce tensile stresses while producing
compressive stresses at the outside wall. The cooldown limit curves are
valid for cooldown rates up to 100°F/hr. The heatup and cooldown {
curves were prepared based upon the most limitj yalue of the
gr /'cted adjusted reference temperature at the end ‘of 28-8 FPY and \
23'-4 FPY for Units 1 and 2, respectively. The adjusied reference
eémperature was caliculated using materials properties data from the
B&W Owners Group Master Integrated Reactor Vessel Surveillance
Program (MIRVSP) documented in the most recent revision to BAW-1543
and reactor vessel neutron fluence data obtained from plant-specific
analyses. '

Amendment Nos. 287—amc—267
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. —+2-28-956~
(3) During the initial 72 hours, maintain a bubble in the

pressurizer with a maximum narrow range level of 33%,
or S , ,
(4) Maintain. two Power Operated Rettef Valves (PORYV)
OPERABLE with a lift semng.oig and verify each
PORV block valve is open at least once per 72 r':ours,
or "

(5) ' The RCS shall be vented through one open PORV or an
. equivalent size opening as specified below: '

(@) with the RCS vented through an unlocked 6peri vent
path, verify the path is open at least once per 12
hours, or

(b)  with the RCS vented through a locked open vent path
' verify the path is open at least once per 31 days.

The requirements of Specification 3.1.G.1.c.(4) may be modified as
follows:

a One PORV may be inoperable in INTERMEDIATE SHUTDOWN
with the RCS average temperature > 200°F but < 350°F for a
period not to exceed 7 days. If the inoperable PORV is not.
restored to OPERABLE status within 7 days, then completely
depressurize the RCS and vent through one open PORV or an
equivalent size opening within the next 8 hours.

b One PORV may be inoperable in COLD SHUTDOWN or
REFUELING SHUTDOWN with the reactor vessel head bolted for
a period not to exceed 24 hours. If the inoperable PORV is not
restored to OPERABLE status within 24 hours then completely
depressurize the RCS and vent through one open PORV or an
equivalent size opening within 8 hours.

Amendment Nos, 287—2nd—26+
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Surry Units 1 and 2
Reactor Coolant System Heatup Limitations

Material Property Basis

Limiting ART:

1/4-T, 238.2 deg. F
3/4-T, 183.9 deg. F

“ [} ] 1
S N S S, E
-uh\Ui-“-luTlnTuu

= Q. el bal
] ]

=\ ! -

A ] Myl Wy N §
S

4-a--
]
]
]
)
]
[}
)

23
1
1
1)

1 1 ]
lllll cmqemqe e

]
K
) ] 1 ) -
RO RPN DR Y U
--L-----L--Lnuuunnun4
[} ] 1

lllll cmelecadecdecdecJaadendaadanae}
1

' | ] '
ceqeeqeeqe—p-~
! L] ] '
—eqem-q-=q--7-~
cedeadacdeadaa
[ | | 1
medacdodoadon
' ' ] )

[}
{
[]
1
P . LI e
]
-
)

lllll conpmmopm e qe e e ==

!

ceqmef--q--

cadaadaa
[

i [l
deeqersqe=g=-—q=~

} 1 ] ]
1°"1==1==3="7""

] [} [} ]
e e e - =
U t

eedaado A1l
1 ] 1 '

i i i i

e S S PR R NP

B e a =R P )
! U

Dt e i itk bt s s e

Operation

" Acceptable

Jeeadeacdeadecada

[}
R L Lk
' ] ) 1

1 1) ) )

P e L

' ] ] |
i Ry Bty By S
! ! ! !

t embeelblcabaabaa
[} 1 1 ]

||I—nll—||l—lll—|l.l
[} ' ) ]

A ] T Sy
] ] ] ]
it T R P RS

1 1 1 [}

T T PR Ry P P .
1 ] ]

) 1 1
AR R Tates s
1

S R e e e Bk R B

e e e L]

deadacdaadaada.
] ] ] [}

cedmedacdacdan
] ' [} '
fm—gm—t =~
' 1 )
b Bt Bl Sl
' '

T T
T ] E U
] ) ] )

R ) T ST T
1 1 L) ’

] 1 ]

T T R R R I I
R L Sy SR e

R e e o R P

T T
—=daadoo
[ |

- b ef.

cmdeedaa

.
-
]
]
&
[}
(]
+
[}
1)

g —p--

60 (Fhr)
Heatup Rate

Y Y T T
1 | 1 [

T rTTET TS

R
] ) ] ]

b ealccbcatbcaba.
] ] ] ]

] Uy piiy Sy P
] ] i [}

. Unacceptable
Operation

-

R L X T e e e P B L L L LT T
1 ] ]

ﬁllTllTl|T|lll|lll|lL||L0lLll:||LllLllLlll|l.
] )

4
) 1
1] ¥
] | ] ]
=EITTITTITTIT T
S [
1 | i t
cedeadecdaadaa
] ] ] ]
cmdmedacd b
] 1 ] '

A L sy By T
1 ] ] )

fllrllrllrllll!!ILllLllL
] ] 1

1 ’ 1 ’

1 ] 1 '

1 ' 1 1
meqerdecqemqecqraaaad
cadendeadandaadacaaa]

[ 1 [ [
cedea e dacd e ndaaa e

1

] ' ] )

--q==q--q--1-~

eedaodo Aot
1 [ ' v

cemdecadacdecdaa
] ] ] ]

1 [} t ]
e — e e anp-—y—--

[ 1
e S
S R T i T
] i 1 |

i i

1] ] 1 [}

T . Lk e b T LR P T

A aa ah et e P L L LTS

] ' ]
LR R B L L C P EEEEE L

[l ] L[] ]
B L L L Y
1 ] 1 ]
lIJIIJIIJIldll

] ] | ]
STITTITTITTITT

||L||L||L|lklc
' | ) ]
.\ el 5

2500
2000

o (=]
o
\n

6ysd) aunssald 6317 jJ0H abuey apim peajeaipu)

100 150 200 250 300 350 400
Indicated Wide Range Cold Leg Temperature {Deg. F)

50

Figure 3.1-1 : Surry Units 1 and 2 Reactor Coolant System Heatup Limitations (Heatup

Rates up to 60°F/hr) Applicable for the first 47.6 EFPY for Unit 1 and

48.1 EFPY for Unit 2 (Including Margins for Instrumentation Errors)

Amendment Nos.



Figure 3.1-2 |
(R'e(:\ece w/ new 12-28-95
Fiy 3.1-2 -

Surry Units 1 and 2

Reactor Coaglant System Cooldown Lipitations

" Material Property Basis
Limiti- - “1aterial: Surry Upit 1 Intermediate to Lower Shel{/Circ Weid
_ Limiting Adjusted RT(NDT) (Surry 1 at 28.8 EFPY):
228.4 F (1/£T), 189.5 F (3/4-T)

250000 e . ' \ - .
\ 1/
i l\t')/;;.- A
T 200000 —— /\\/ _ E
& ] 7/ \I I
e . - ';’ ' f
3 — - ¥ T
s T \\ ; A B
&_’1509.00 . i?/.. N LN S Y,
2 ' P '/ * | ' ! “Unaccepiable Operation 7
g NN A IR N NE -
(¢ 4 /: \ 7
B 100000 A N E '
; . Y/ o L AR s:z
o /. R A )7/ B
2 3 R 74 P C
S L LK [Rceptable Operation i
S —1 |\ - |
- —— |~ \ ,
/ \ b :
—1 \ ; !
RN B AR R
' -\ R R

5

50 . 100 150 200 250 300 350
Indicated Cold Leg Temperature (Deg. F)

Surry Units 1 and 2 Reactor Coolant System Cooldown Limitations (Caoldown Rates up to
100 F/mr) Applicable for the First 28.8 EFPY for Surry Untt 1 and the First 28\4 EFPY for Sumry Unit 2

Amendment Nos. 207 and 207




A T O O R R i Ry mupay S

T . . Y PRI SRR TP PRI SN SR
: : .""1"

R L L
] t []

PN T IR I

1 1 [l 1 ] [ 1 1 '

R R R L EE L P P L

1 ] 1 ] ] ] [] 1 ] ]
JIP TR SEI p daaa codecdacdecdacdaad

1 '

R

1 ]

!

[} ] ] []
cwdecadeade edaa

Figure 3.1-2

1 ' ' 1
llLllLllLIlLllu
]

s rTTre===" "

T T resT="r=-

b epeee—— e~

||J||JIIJI|JI|1
IIJ||JI|J|0J|||

IIJIOJIIJIIJIIA
] ] ] 1

. . . _
] ] ) ]
LR L TR T
' ' ' 1
PR P PR PR LR
] ] ] ]
(RN PR R P R
] 1 ]
mdemdoodondo
1

' | 1
b e e L T P Sy e e ahale el
] ) 1 ] ] ]
e R R et sl el e el
1 1 1 1 ) '
A L 1 e B e L ko i N
) ) 1 ) ] ]

N I ST ERpR

1/4-T,238.2 deg. F
3/4-T, 183.9deg. F

2ouint 2huft shaindindaind miaial Rl St [ il
] [} [} ] (]

Zuiint dhuthl Shainiainil pintel Raiad diateiating Rl mhaiet
[} ] 1

1 ]

] ]

T T T T
) ] i '

] ' L] [}

] ' ] [} ' [}
A L L T e T i
[} [} [} ] [} 1
el el el el s e e mlnted
] ] t [ ] 1
I I ] L e i IRyl P

'
]
]
mMeedecaeccderdeccdeecd b leclecdecga=y
] 4 [} [} [} ] ] '
PR s P PR PR PR R B 3 EEE P P EEEE
]
.
[}
i
]
[}
1

] ] ] 1] ] ]
e e de e de e e adaa cadeadeadaa
I

T O T~ O + -4 — e s ke

Surry Units 1 and 2
Reactor Coolant System Cooldown Limitations

Material Property Basis
-

Limiting ART:

i\\
1 ' 1 ] l ' ' ' | 1 ) ' |

bl L LR Ry R R it st o g o B e e e e e Rt Tt b by Ll M i b Rl
] ] ] t 1 t i 1 t [} ] ] ! ] { ! 1] 1

it ol ] el alnlet et Rk el ity s ety Il it ke i e ||1||1||L||L||.
' ' ' ' 1 ' ' 1 ' ' ' ' ' ' '

rlnrlurlunlnrlunlnflluI|T||T|||||T||T|L||L|||-|L||Ln|L||L|| ||L||Lc|1||L||-
' ' ' | ' ' ' ' ' 1 ' '

lllfll-l|l||l—llllll—llllll—lll-lllI'I.I"-Ill-llLlllIILIILIILIILII IlLIILIILIll—III

1 ] ' 1 ] [] ' ] ] ] [} ' ' 1 ] ' [} '
i A I i 4 I I A I i A i . i 1 A 1 .

o

2500
1500
1000
500 -

o
S
N
(61

sd) ainssaid 6o JoH abuey apip peledipu)

200 250 300 350
Amendment Nos.

150

100
Indicated Wide Range Cold Leg Temperature (Deg. F)

Unit 1 and 48.1 EFPY for Unit 2 (Including Margins for Instrumentation

(Cooldown Rates up to 100°F/hr) Applicable for the first 47.6 EFPY for
Errors)

50
Figure 3.1-2 : Surry Units 1 and 2 Reactor Coolant System Cooldown Limitations



Serial No. 04-755
Docket Nos. 50-280, 281

ATTACHMENT 3

Proposed TS Pages

Surry Power Station
Units 1 and 2
Virginia Electric and Power Company
(Dominion)



TS 3.1-9

Heatup and cooldown limit curves are calculated using the most limiting value of the
nil-ductility reference temperature, RTypr, at the end of 47.6 Effective Full Power Years
(EFPY) and 48.1 EFPY for Units 1 and 2, respectively. The most limiting value of RTypt
(238.2°F) occurs at the 1/4-T, 0° azimuthal Jocation in the Unit 1 intermediate-to-lower
shell circumferential weld. The limiting RTyp at the 1/4-T location in the core region is
greater than the RTypt of the limiting unirradiated material. This ensures that all
components in the Reactor Coolant System will be operated conservatively in accordance

with applicable Code requirements.

The reactor vessel materials have been tested to determine their initial RTypT; the results
are presented in UFSAR Section 4.1. Reactor operation and resultant fast neutron
(E greater than 1 MEV) irradiation can cause an increase in the RTypt. Therefore, an
adjusted reference temperature, based upon the copper and nickel content of the material
and the fluence was calculated in accordance with the recommendations of Regulatory
Guide 1.99, Revision 2 “Effects of Residual Elements on Predicted Radiation Damage to
Reactor Vessel Materials.” The heatup and cooldown limit curves of Figures 3.1-1
and 3.1-2 include predicted adjustments for this shift in RTypr at the end of 47.6 EFPY
and 48.1 EFPY for Units 1 and 2, respectively (as well as adjustments for location of the

pressure sensing instrument).

Surveillance capsules will be removed in accordance with the requirements of
ASTM E185-82 and 10 CFR 50, Appendix H. The surveillance specimen withdrawal
schedule is shown in the UFSAR. The heatup and cooldown curves must be recalculated
when the ARTypt determined from the surveillance capsule exceeds the calculated
ARTyp for the equivalent capsule radiation exposure, or when the service period exceeds
47.6 EFPY or 48.1 EFPY for Units 1 and 2, respectively, prior to a scheduled refueling

outage.

Amendment Nos.
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Allowable pressure-temperature relationships for various heatup and cooldown rates are
calculated using methods derived from Appendix G in Section III of the ASME Boiler and
Pressure Vessel Code as required by Appendix G to 10 CFR Part 50.

The general method for calculating heatup and cooldown limit curves is based upon the
principles of the linear elastic fracture mechanics (LEFM) technology. In the calculation
procedures a semi-elliptical surface defect with a depth of one-quarter of the wall
thickness, T, and a length of one and one half T is assumed to exist at the inside of the
vessel wall as well as at the outside of the vessel wall. The dimensions of this postulated
crack, referred to in Appendix G of ASME Section III as the reference flaw, amply exceed
the current capabilities of inservice inspection techniques. Therefore, the reactor operation
limit curves developed for this reference crack are conservative and provide sufficient
safety margins for protection against non-ductile failure. To assure that the radiation
embrittlement effects are accounted for in the calculation of the limit curves, the most
limiting value of the nil ductility reference temperature, RTyp, is used and this includes
the radiation-induced shift, ARTypr, corresponding to the end of the period for which

heatup and cooldown curves are generated.

The ASME approach for calculating the allowable limit curves for various heatup and
cooldown rates specifies that the total stress intensity factor, K, for the combined thermal
and pressure stresses at any time during heatup or cooldown cannot be greater than the
reference stress intensity factor, K;¢, for the metal temperature at that time. K¢ is
obtained from the reference fracture toughness curve, defined in Section XI to the ASME

Code. The Kj¢ curve is given by the equation:

Kic =33.2 +20.734 exp [0.02(T - RTnp7)] 1
where Kj¢ is the reference stress intensity factor as a function of the metal temperature T
and the metal nil ductility reference temperature RTypt. Thus, the governing equation for

the heatup-cooldown analysis is defined in Appendix G of the ASME Code as follows:
C KIM + Kn < KIC 2)

where, Ky is the stress intensity factor caused by membrance (pressure) stress.

Amendment Nos.
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. , A
K, is the stress intensity factor caused by the thermal gradients
Kjc is provided by the code as a function of temperature relative to the RTypT of

the material.
C =2.0for level A and B service limits, and
C = 1.5 for inservice hydrostatic and leak test operations.

At any time during the heatup or cooldown transient, K¢ is determined by the metal
temperature at the tip of the postulated flaw, the appropriate value for RTypr, and the
reference fracture toughness curve. The thermal stresses resulting from temperature
gradients through the vessel wall are calculated and then the corresponding thermal stress
intensity factor, Ky, for the reference flaw is computed. From Equation (2) the pressure
stress intensity factors are obtained and, from these, the allowable pressures are

calculated.

The heatup limit curve, Figure 3.1-1, is a composite curve which was prepared by
determining the most conservative case, with either the inside or outside wall controlling,
for any heatup rate up to 60°F per hour. The cooldown limit curves of Figure 3.1-2 are
composite curves which were prepared based upon the same type analysis with the
exception that the controlling location is always the inside wall where the cooldown
thermal gradients tend to produce tensile stresses while producing compressive stresses at
the outside wall. The cooldown limit curves are valid for cooldown rates up to 100°F/hr.
The heatup and cooldown curves were prepared based upon the most limiting value of the
predicted adjusted reference temperature at the end of 47.6 EFPY and 48.1 EFPY for
Units 1 and 2, respectively. The adjusted reference temperature was calculated using
materials properties data from the B&W Owners Group Master Integrated Reactor Vessel
Surveillance Program (MIRVSP) documented in the most recent revision to BAW-1543

and reactor vessel neutron fluence data obtained from plant-specific analyses.

Amendment Nos.
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TS 3.1-23a

During the initial 72 hours, maintain a bubble in the pressurizer with a
maximum narrow range level of 33%,

Maintain two Power Operated Relief Valves (PORV) OPERABLE with a
lift setting of < 395 psig and verify each PORV block valve is open at least
once per 72 hours,

The RCS shall be vénted through one open PORYV or an equivalent size
opening as specified below:

(a) with the RCS vented through an unlocked open vent path, verify the

path is open at least once per 12 hours, or

(b) with the RCS vented through a locked open vent path verify the path

is open at least once per 31 days.

2. 'The requirements of Specification 3.1.G.1.c.(4) may be modified as follows:

a

One PORV may be inoperable in INTERMEDIATE SHUTDOWN with the
RCS average temperature > 200°F but < 350°F for a period not to exceed
7 days. If the inoperable PORYV is not restored to OPERABLE status within
7 days, then completely depressurize the RCS and vent through one open

PORYV or an equivalent size opening within the next 8 hours.

One PORV may be inoperable in COLD SHUTDOWN or REFUELING
SHUTDOWN with the reactor vessel head bolted for a period not to exceed
24 hours. If the inoperable PORYV is not restored to OPERABLE status within
24 hours then completely depressurize the RCS and vent through one open

PORYV or an equivalent size opening within 8 hours.

Amendment Nos.



Figure 3.1-1

1/4-T, 238.2deg. F
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Reactor Coolant System Heatup Limitations
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Figure 3.1-2 : Surry Units 1 and 2 Reactor Coolant System Cooldown Limitations
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REGULATORY BASIS AND REQUEST FOR EXEMPTION

Virginia Electric and Power Company (Dominion) requésts modification of the Surry
Units 1 and 2 reactor vessel beltline material initial properties basis for the Linde 80
weld heat materials to reflect Topical Report BAW-2308 Revision 1 (Reference 1). The
proposed material initial properties basis utilize ASME Code Case N-629, which
supports use of a conservative but less restrictive model for the determination of initial
material properties. The proposed material initial properties basis could be used in the
future by Dominion to make various plant safety improvements (e.g., reduced probability
of undesired PORYV lifts during reactor coolant pump startups). Please note that the
acceptance of this exemption is not required for approval of the proposed Technical
Specifications change requested in this submittal as the proposed TS change is
supported by the current material properties basis.

In support of the proposed alternate material properties basis for Surry Units 1 and 2,
exemptions are hereby being requested to 10 CFR 50.61, and 10 CFR 50 Appendix G,
which specifically refer to ASME Code paragraph NB-2331 as the method for
determination of initial (i.e., unirradiated) RTnor. 10 CFR 50.12 states that the
Commission may grant an exemption from requirements contained in 10 CFR 50
provided that: 1) the exemption is authorized by law, 2) the exemption will not result in
an undue risk to public health and safety, 3) the exemption is consistent with the
common defense and security, and 4) special circumstances, as defined in 10 CFR
50.12(a)(2) are present. The requested exemption to allow the use of BAW-2308
Revision 1 as the basis for the Linde 80 weld heat material initial properties at Surry
Units 1 and 2 satisfy these requirements as described below.

1. The requested exemption is authorized by law.

No law exists which precludes the activities covered by this exemption request.
10 CFR 50.60(b) allows the use of alternatives to 10 CFR 50, Appendix G when an
exemption is granted by the Commission under 10 CFR 50.12. In addition,
10 CFR 50.61 permits other methods for use in determining the initial material
properties provided such methods are approved by the Director, Office of Nuclear
Reactor Regulation.

2. The requested exemption does not present an undue risk to the public health and
safety.

The proposed material initial properties basis utilizes Reference 1 and ASME Code-
Case N-629, which supports use of a conservative but less restrictive model for the
determination of initial material properties. In addition, Reference 1 contains
additional conservatisms to ensure that use of the proposed initial material
properties basis does not increase the probabilty of occurrence or the
consequences of an accident at Surry Units 1 and 2, and will not create the
possibility for a new or different type of accident that could pose a risk to public
health and safety. In addition, Dominion will employ NRC approved methods for any
future application of the margin arising from the proposed initial material properties
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basis (e.g., revised RCS P/T Limits, LTOPS PORV setpoints, etc). Such
applications would be submitted for NRC review and approval.

3. The requested exemption will not endanger the common defense and security.

The use of the proposed initial material properties from Reference 1 will not
adversely affect the operation of Surry Power Station or endanger the common
defense and security.

4. Special circumstances are present which necessitate the request for an exemption
to the requlations of 10 CFR 50.44 and 10 CFR 50.46.

Pursuant to 10 CFR 50.12(a)(2), the NRC will not consider granting an exemption to
the regulations unless special circumstances are present. The requested
exemptions meet the special circumstances of paragraph (a)(2)(ii) in that application
of these regulations in this particular circumstance is not necessary to achieve the
underlying purpose of the regulations.

The underlying purpose of 10 CFR 50.61 and 10 CFR 50 Appendix G is to protect
the integrity of the reactor coolant pressure boundary. Application of paragraph NB-
2331 of ASME Section lll in the determination of initial material properties was
conservatively developed based on the level of knowledge existing in 1974
concerning reactor pressure vessel materials and the estimated effects of operation.
Since 1974, the leve! of knowledge about these topics has been greatly expanded.
This increased knowledge permits relaxation of the ASME Il NB-2331 requirements
via application of Reference 1, while maintaining the underlying purpose of the
ASME Code and the NRC regulations to ensure an acceptable margin of safety.

Therefore, the intent of 10 CFR 50.61 and 10 CFR 50 Appendix G (i.e., protection of
the integrity of the reactor coolant pressure boundary) will continue to be satisfied for
the proposed change in reactor vessel material initial properties basis. Issuance of
an exemption from the criteria of these regulations for the use of Reference 1 in
Surry Units 1 and 2 will not compromise the safe operation of the reactors.

Reference 1: BAW-2308, “Initial RTN~T of Linde 80 Weld Materials,” Revision 1,
dated August 2003.
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