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PREFACE

This report has been technically reviewed and verified by:

T. J. Laubham ___

Revision 1:

An error was detected in the "OPERLIM" Computer Program that Westinghouse uses to generate pressure-
temperature (PI) 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.

Note that only the heatup curves and associated data point tables have changed. The cooldown 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
Westinghouse 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 item disclosed in this report,
including merchantability and fitness for a particular purpose, (II) that such use does not
Infringe on or interfere with privately owned rights, including any party's intellectual property,
or (11l) that this report is suitable to any particular user's circumstance; or

(B) Assumes responsibility for any damages or other liability 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 RTNOT (reference
temperature adjusted for irradiation effects) corresponding to the limiting beltline region material
of the reactor vessel. The adjusted RTNDT of the limiting material in the core region of the reactor
vessel is determined by using the unirradiated reactor vessel material fracture toughness
properties, estimating the radiatior-induced ,iRT,, and adding a margin term to accommodate
uncertainties. The unirradiated RTwT 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 35niI lateral expansion (normal to the major working
direction) minus 600F.

RTI= Increases as the material Is exposed to fast-neutron radiation. Therefore, to find the most
limiting RTwT at any time period In the reactor's life, ARTwT due to the radiation exposure
associated with that time period must be added to the unirradiated RTwT (IRT,,). The extent of
the shift in RTN= 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 embrittlement In Regulatory Guide 1.99, Revision 2, *Radiation
Embiittiement of Reactor Vessel Materials e'. Regulatory Guide 1.99, Revision 2, is used for
the calculation of Adjusted Reference Temperature (ART) values (IRTNOT + ARTNDr + margins for
uncertainties) at the 114T and 3/4T locations, where T Is the thickness of the vessel at the
bettline 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 Umit Curves
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2. PURPOSE

Virginia Power, as a member of the WOG Reactor Vessel 60-year Minigroup, has contracted
Westinghouse 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 00F 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 Gt2 .

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 2111, for all the bettline materials and the development of the heatup and
cooldown pressure-temperature limit curves for normal operation.

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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3. CRITERIA FOR ALLOWABLE PRESSURE-TEMPERATURE
RELATIONSHIPS

. .

3.1 End of Life Pressure Temperature Umits

Appendix G to 10 CFR Part 50, Fracture Toughness Requirernentsm specifies fracture
toughness requirements for ferritic materiali of pressure-retaining components of the 'reactor
coolant pressure boundary of light water nucdear power reactors to provide adequate margins of
safety during any condition of normal operation, including anticipated operational occurrences
and system hydrostatic tests, to which the pressure boundary may be'subJected over Its service
lifetime. The ASME Boiler and Pressure Vessel Code forms the basis for these requirements.
Section Xl, Division 1, *Rules'for Inservicie Inspection of Nuclear Power Plant Componentstm',
Appendix Ge, contains the conservative' methods of analysis.

The ASME approach for calculating the allowable limit curves for various heatup and cooldown
rates specifies that the total stress Intensity factor, 14, for the combined thermal and pressure
stresses at any time during heatup or cooldown cannot be greater than the' reference stress
Intensity factor, Kk, for the metal temperature at that time. KA, is obtained from the reference
fracture toughness curve, defined in Appendix G of the ASME Code, Section Xl. 'T7he 4kh curve
Is given by the following equation:

Kz + 26.78+1.233 * eIoo014S(T-RT~r10)1 . (3-1)

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

metal reference niltductility temperature RTmn

Therefore, the governing equation for tlie heatuip-cooldown analysis is defined in Appendix G of
the ASME Code as follows: ' ; d

Cog Kbu < 1 fi -F. ' ,(3-2)
where. , -. . . -

w h r , E @-- - - -1-- .

K,, = stress intensity factor caused by me'brane (pressure) stress
K,, = stressintensityfactor!causedby the thermal gradients
K,, = 'reference stress intensity factor as a function of the metal temperature and the RTNOT.

of the material . . -t e -

C 2.0 for'Level A and Level B service limits . .-
- . . . . . ... ., . . . . . . . . .

C= 1.5 for hydrostatic and leak test conditions during which the reactor core is not critical

Surry Units 1 and 2 Heatup and Cooldown U'mitCurves'
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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 114T and 3/4T location, the appropriate value for RTOT, and
the reference fracture toughness curve. The thermal stresses resulting from the temperature
gradients through the vessel wall are calculated and then the corresponding (thermal) stress
intensity factors, Kk, 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 allowable 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 vessel
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 tp of the assumed
flaw. During cooldown, the 1/4T vessel location is at a higher temperature than the fluid
adjacent to the vessel inner diameter. This condition, of course, is not true for the steady-state
situation. It follows that, at any given reactor coolant temperature, the DT (differential
temperature) developed during cooldown results in a higher value Kii at the 1/4T location for
finite cooldown rates than for steady-state operation. Furthermore, if conditions exist so that the
increase in Kt, exceeds Ku, the calculated allowable pressure during cooldown is greater than
the steady-state value.

The above procedures are needed because there is no direct control on temperature at the 114T
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 Ka, for the 1/4T crack during heatup
is lower than the Ka 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 thermnal stresses and lower KI, 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 concerns the calculation of the pressure-temperature
limitations for the case in which a 114T flaw located at the I14T 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 temperature) along the heatup ramp. Since the
thermal stresses at the outside are tensile and Increase with Increasing heatup rates, each'
heatup rate must be analyzed on an individual basis.

Following the generation of pressure-temperature curves for both the steady state and finite
heatup rate situations, the final limit curves are produced by constructing a composite curve
based on a point-by-point comparison of the steady-state and finite heatup rate data. -At any
given temperature, the allowable pressure is taken to be the lesser of the three values taken
from the curves under consideration. 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 an 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
vessel flange regions. This rule states that the metal temperature of the closure flange regions
must exceed the material unirradiated RTar by at least l20bF for normal operation when the
pressure exceeds 20 percent of the preservice hydrostatic test pressure (3107 psig), which is
621 pslg4 1 for the Surry Units I and 2 reactor vessel.

The limiting unirrmdiated RTTr of I 0F occurs In the vessel flange of the Surry Units I and 2
reactor vessel, so the minimum allowable temperature of this region is 130'F at pressures
greater than 621 psig with uncertainties of 00F and 0 psi. This limit is reflected In the heatup and
cooldown curves shown in Figures 9-1 to 9-8.

3.2 End of License Renewal Pressure Temperature Limits

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

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

Kic = 33.2 + 20.734e 1 0.02 r - (3-3)

where,
IL,= reference stress intensity factor as a function of the metal temperature T and the

metal reference nil-ductility temperature RTNDT

Surry Units 1 and 2 Heatup and Cooldown Limit Curves'
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Therefore, the governing equation for the heatup-cooldown analysis is defined as follows:

C* Keu+ Ki < Kk, (3-4)

where,
Kin stress intensity factor caused by membrane (pressure) stress
K= stress intensity factor caused by the thermal gradients
K=, function of temperature relative to the RTNDT of the material
C = 2.0 for Level A and Level B service limits
C = 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 Ki 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
representative data ultimately used to assess the material properties of the Surry Units' '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 specific data are
available, these data are considered the most applicable to the beItline material being evaluated.

SA-1i SSA-1 650 Assesssment -
Weld wire 72445 surveillance data Is not available from a Surry plant specific surveillance
program. However, It Is available from the Point Beach Unit 1 (Westinghouse NSSS)
surveilliance.program and from several BWOG Integrated surveillance program capsules
irradiated In Crystal River Unit 3 (B&W NSSS). The Irradiation environment of the Point Beach
Unit I surveillance capsules more closely approximates the Irradiation environment of Surry
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 surveillance 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 Units 1 and
2 beftline material SA-1585.

SAI 526 Assessment
Weld wire 299L44 surveillance data is available from the Surry Unit 1 plant specific surveillance
program. In addition, weld wire'299L44 surveillance 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 beitline materials.' Theiefore, the 'data derived from' the Surry Unit 1 plant specific&
surveillance program is used to assess the integrity of the Surry Unit 1 beitline material SA- 526.

. .. . . . . . . * ..

* , . A%. - . . . .
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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
surveillance 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 M. The results of this method are listed in Table 4-1.

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

CF = l(4-1)

Where: n = The Number of Surveillance Data Points
A = The Measured Value of ARTNDT
f = Fluence for each Surveillance Data Point

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

42.1 Application of the Regulatory Guide 1.99, Revision 2 Ratio Procedure for Beftline Material
CF Determination

When credible surveillance data are used in the determination of the beltline 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 I'J, Position 2.1 ratio procedure. The ratio procedure is not applicable to the plate
material. It is not necessary to correct for diff erences 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 Al
Position 2.1 ratio procedure is applied in the determination of the beltline material chemistry
factor.

Per Table 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 beitline material. Therefore, the ratio procedure of
Regulatory Guide 1.99, Revision 2111, Position 2.1 Is applied to this surveillance weld metal.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Similarly, for the Unit 1 Lower Shell Longitudinal Weld, th6 copper and nickel concentrations of
the surveillance weld metal Is not the same as the Unit 1 Lower Shell Longitudinal Weld SA-
1526. Therefore the rato procedure Is applied to this surveillance weld metal, as well.

The copper and nickel weight concentrations of the Surny Unit 2 surveillance weld metal is the
same for the Unit 2 Intermediate to Lower Shell Circumferential Weld R3008. Therefore, the
ratio procedure of Regulatory Guide 1.99, Revision 0l, Position 2.1 will not be applied to this
surveillance weld metal (ie. Ratio 1.0 for Unit 2 Intermediate to Lower Shell Circumferential
Weld R3008).

422 Irradiation Temperature Effects on Surveillance Data or Determination of the Beltline'
Material CF -. - -

Application of the selected surveillance data to the beiltine material requires normalization of
measured transition temperature shift values to the mean Irradiation temperature of the betline
material. A correction of 1i. 0 F °is applied to measured values of transition temperature shift for
each degree of irradiation temperature difference between surveillance specimens and beltline
materialsY;'Thiscor'rection factor is docuriiented in EPRI report NP-6114 d and ASTM report
-STP.1 046 111 and Is cited in the November 12, 1997 NRCAndustmy meeting minutes ml

When applying the selected surveillance data to the bei-tline material, the temperature correction
is applied to each measured value of transition temperature shift for which the surveillance
capsule Irradlatlon temperature is higher than'the betliine material irradiation temperature. The
temperature correction is not performed when the surveillance capsule irradiation temperature is
lowerthan the beltline material irradiation temperature. Correction for irradiation temperature- is
not necessary when the surveillance specimens are Irradiated in the plant which Is being
evaluated,.--...

- ~ , .. e ,

, -J. ......~.
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Table 4-1: Available Survellance Data for the Surry Units 1 and 2 Credibility
Determination

Material Capsule Capsule Material Fkuenco A~Rr,"T Wm cu Wm% Ni

Plato Materials
Mgb~~- -- =

LowrShell Suriy Unit 1 Capsule T Fosing C4415-1 0281 50 0.110 0.500

Foing( Urit1) SurUnit I CapsuleV Forging C4415-1 1.940 113 0.110 0.500

C4415-1 Surry Unit I Capsule X Forgbng C4415-1 1.599 86 0.110 OS00

Intemede SuWTy Unit 1 Capsule X Forging C4339-1 .302 55 0.104 0.520

Shell Forgng SuTry Unit Capsule V Forgig C4339-1 1.88 75 0.104 0.520

C4339.1 (UnIt 2)

Weld Matedals

Intermediat to Pt Beach Unit 1 Ca l T SA-1263 2.42 1e 1 02302 0.815

Lower Shall Pt Beach Unit I Capsule R SA-1283 2.38 181 0230 0.615

Clrumferential Pt Beach Unit 1 Capsulo S SA-1263 0.820 165 0.230 0.615

Weld

SA.1581 (NS t 1) Pt Beech Unit I Capsule V SA-1263 0.65 107 0.230 0.615

mnd Lower Shel BWOG Capsule CR3 LG2 SA-1585 1.67 156 0220 0.560

L=Vfdb* BWOG Capsule CR3.L1 SA-1585 0.51 141 0.220 0.580

Wekd (Urt 2)

Lower Shel BWOG Capsule TMI12-LGI SA.1526 0.83 216 0.370 0.700

Longitudinal BWOG Capsule CR3-LG1 WF-25 0.799 205 0.380 0.700

Weld SA-1526 BWOG Capsule TMI2-LGI WFV25 0.968 226 0330 0.670

(Uni 1) TMl Unit I Caps C WF-25 0.866 166 0.330 0.670

TUI Unit I Capsule E VPF25 0.107 74 03D0 0.670

Surny Unit 1 CapsuleT SA-1526 0.281 171 0.230 0.640

Surry UnI I Capsule V SA-152 1.94 250 0.230 0.640

Surly Unit I CAPSUle X SA-1526 1.599 234 0.230 0.640

Intermediate t Surry Unit 2 Capsule X R3008 .302 95 0.190 0.550

Lower Shell Clrc Sury Unit 2 Capsule V R3008 1.88 145 0.190 0.5SO

Weld
R300V027

(Unit 2)

NOTES:
(a) Fluence vatues 8re in units of 10" r/cm2, E> 1.0 MeV.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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-Table 4-2: Reactor Vessel Beltilne Material Copper and Nickel Content

Surry Unit1

Material Desciption - wL % Cu wt. % Ni CF (

Nozzle Shell Forging 0.11 0.74 76.1
122V109VAI

Intermediate Shell C4326-1 0.11 OS5.. - .73.5

Interiediate Shell C43;2 6-2 0.11 - 0.5-

Lower Shell 4415-1 0.11 0.50 73.0

LowerShell44152 0.11 0.50 .73.0

Nozzle to Intermediate Shell i 0.33 0.10 1520
Circumferential Weld

.j726M017 - -

Intermediate to Lower Shell 0 .54 158.0
Circumferential Weld (ID

-- 40%)

BA-1 585/72445 .

Intermediate to Lower Shell l .02 0.54 - e.o
Circumnferentlial Weld (ID,

60%)
SA-1650f72445

Intermediate Shell
Longitudinal Welds L3 & L4 . .

SA-1494WT1# .554

Lower Shell Longitudinal. , 0. - 143.9
Weld LI SA-1494"8T1554
Lower Shell Longitudinal 0.34 0.68 220.6

Weld L2 SA-152&I299L44

Surveillance Weld SA-1263
P.BahUti0.23 0.615 171.6

Surveillance Weld SA-1 526 -0.23 0.6 175
Surry Unit 1 . _

Notes:
., , .. ;. . . , . ., , .~ , . I .. , . , w . . ,

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

Surry Units 1 and 2 Heatup and Cooldown LUmlt Curves
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Table 4-2 (cont'd): Reactor Vessel Material Copper and Nickel Content

Surry Unit 2

Material Description wt. % Cu wt. % Ni CF (a

Nozzle Shell Forging 0.11 0.72 75.8
123V303VAI

Intermediate Shell C4331-2 0.12 0.60 83.0

Intermediate Shell C4339-2 0.11 0.54 73.4

Lower Shell 4208-2 0.15 0.55 107.3

Lower Shell 4339-1 0.11 0.54 73.4

Nozzle to Intermediate Shell 0.35 0.10 160.5
Circumferential Weld

L737/4275

Intermediate to Lower Shell 0.19 0.55 149.3
Circumferential Weld

R3008A0227

Intermediate to Lower Shell 0.19 0.57 152.4
Circumferential Weld L4 (ID

S0%) WF-BTI762

Intermediate Shell Longitudinal 0.22 0.54 158.0
Welds L3 (100%) & L4 (50%)

SA-1585172445

Lower Shell Longitudinal Weld 0.19 0.57 152.4
L2 (ID63%) and LI (100%)

WF-4/BTl762

Lower Shell Longitudinal Weld 0.19 0.57 152.4
L2 (OD 37%) WF-8/8T1762

Surveillance Weld SA-1263 0.23 0.615 171.6
Pt. Beach Unit 1

Surveillance Weld R3008 0.19 0.550 149.3

Surry 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 beltline or surveillance material.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 4-3: Calculation of Chemistry Factors using Surry Units 1 and 2 Surveillance
.______ _ Capsule Data . .

Materils Ca"sde FRuencew FF FF F*r

Lower Shel 8urry UnWl Cube T 0281 . c . 50 32.7 0.4271

Forgig (Unit 1) Sunry Unl 1 Capsule V 1.940 1.1811 113 1335 11

C4415-1 -&xiyUnitlI Cam X 1.599 1.19 86 - 9.1 1276

SUM: 2633 3.10

Charnstry Facbo ;.SS.01

kiltrmediae Stury htl tCapsule X 'A-m .6720 55 37.0 04516

ShW Forging UrmyUnfl Cave4AV 13 8 1.1720 75 88.0 . 1.375

C43391 SUM: 125.0 1.93

(Unit 1) chemistry Fact o 68OA4

Weld Materls .

Pt Bch Pt UnIt1 CapsuleT 2.42 12380 181 M224.1 15328

Lower Shell Pt eah Unit 1 CapsueR 238 123 181 223.3 1S22 4

Ccurridfmsnal Pt Beeach Unt 1 Capsule S .29 0.9474 165 1563 0.8976
Weld

SA-158S (Lh i1) Pt Beach Uidt'l Capsule V 0502 0.8077 107 88.4 0.6523

au Lower Shell SUM: 6902 4.61

LongWul

Weld (Udt 2)

,_ ._ .Facbre149.90

Lower Shll SuryUnltICow T .-028t 0.6S35 171 t111.7 0.4271

LorigriudaI Sury Unft Capsule V 1.94 .1.te11., 250 295.3 1.J95t

Weld Si-1526 Surry ULt 1 Capsule X 1.599 1.1296 234 264.3 12780

(UnLt 1) SUM 671A. 3.10

-herristry Factx - 216.7'-
-. -

knieBlredlete to Sunry ULt 2 Capsule X -_-.302 0.6720 SS 63.8 OAS16

LowerSW Crc. Surry Unlt 2 Capsie V 1.88 1.1729 145 170.1 1.3756

Weld .. . SUM: 233.9 1.83

(UnIt 2) _Chemstry Fait = 128.0_._

Notes:
(a) Fluence values ar hi units of 1019 ntm2, EE> 1.0MeV.
(b) ARTwT are measured values.
(c) Chemistry Factor before appckaton of the Regulatory Gulde 1.99, Rev. 2 Ill Position 2.1 ratio 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 Crtterion 1:

Criteron 1: The materials in the survelllance capsules must be those which are controlling
materials wfth regard to radiation embdtlement.

The Surry Units I and 2 reactor vessels consists of the following behtline region materials:

a) Nozzle Shell Forging,
b) Intermediate Shell Forgings,
c) Lower Shell Forgings,
d) Intermediate to Lower Shell Circumferential Weld
e) Intermediate Shell Longitudinal Welds
f) Lower Shell Longitudinal Welds

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

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

Weld Metal:

The weld metal for Unit 1 Includes the following:

Material

Nozzle to Intermediate Shell Circ. Weld
Heat Number
J726W25017

Flux Type Flux Lot #

SAF89 1197

Intermediate to Lower Shell Circ. Weld (ID 40%)

Intermediate to Lower Shell Clrc. Weld (ID 60%)

Intermediate Shell Longitudinal Welds L3 & L4

Lower Shell Longitudinal Weld LI

Lower Shell Longitudinal Weld L2

Pt. Beach Unit 1 Surveillance Weld

Surry Unit 1 Surveillance Weld

SA-1 585/72445

SA-1650/2445

SA-1494/8T1554

SA-1494/BT1554

SA-1526/299144

SA-1263/72445

SA-1526/299L44

Linde 80

Linde 80

Linde 80

Unde 80

Unde 80

Linde 80

Linde 80

8597

8632

8579

8579

8596

8504

8596

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



.WCAP-15130 *4-9
WCAP.1 5130 4-9

The weld metal for Unit 2 includes the following:

Material Heat Number

Nozzle to Intermediate Shell Cimc.Weld. L737/4275

Intermediate to Lower Shell Circ. Weld 1 R3008227

Intermediate to Lower Shell Circ.l Weld L4 -WF 4T1762
O1D50%9)

Intermediate Shell Longitudinal Welds SA-158S/72445
L3 (100%) & L4 (50%)

. Flux Type flux Lot # -

SAF69 02275

Grau Lo , LW320

Llnde 80 8597

Linde 80 B597

Lower Shen Longitudinal Weld WF-4/ST1762 .Unde 80 8632
12 (OD63%) and L (100%) '

Lower Shell Longitudinal Weld L.2 (OD 37%) WF-8WT1 762 Undo 80 8632

Pt. Beach Unit 1 Surveillance Weld SA-1263172445 Linde3 0 8504

Surry Unft 2 Surveillance Wel - - R3008o227 Grau Lo LW320
, : ........ ,, .W;2:

The forgings for Unit 1 Include the following:

Material Heat #
Nozzle Shell Forging 122V109VA1

Intermediate Shel C4326-1

Intermediate Shell 04326-2

Lower Shell 4415-1

Lower Shell 4415-2

Forging Type
SA508, Class 2

SA533, Grade B1

SA533, Grade S1

SA533, Grade BI

SA533, Grade 61

The forgings for Unit 2 Include the following:

Material Heat # Forging Type
Nozzle Shell Forging 123V303VA1 SA508, Class 2

Intermediate Shell C4331-2 SA533, Grade B1

Intermediate Shell C4339-2 SA533, Grade 61

LowerShell 420B-2 SA533, Grade 61

LowerShell 4339-1 SA533, Grade B1

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

Criteron 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-lb 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:

Crfterlon 3: Where there are two or more sets of surveillance data from one reactor, the
scatter of ART,,r values must be less than 28F for welds and 17"F for base meta. Even if the
range in the capsule fluences is large (tMo or more orders of magnitude), the atter may not
exceed tice those values.

The least squares method, as described in Regulatory Guide 1.99 Position 2.1, Revision 2 Itl, as
clarified In the November 12, 1997 meeting minutes m, 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: Surny Units 1 and 2 Surveillance Capsule Data Scatter about the Best Fit
Line for the Shell ForpinriMaterial _

.Measured , BestFit Scatterof
Material pRlb) A TW l DT ARTNTDT ('F)

- (30 ft4b) (VF) (OF).
Lower Shell Forging 6s3s 555 54_. __

-04415-1 (Unrt 1) 1.1811 -. . -113 100.38 13

OCF=85.0'F -1.1296 88 96.00 -10

IntemNediate Shell .-720 55 45.94 9

C-4339-f(Unit2) .1.1729 75 80.19 -5

CF C 68.4°F -_-_.

NOTES:

(a) The Chemistry Factor used for the best fit ARTCJT is calculated In acordance ftf Regulatory Guide
1.99. Rev. 2. Position 2.1.

(b) Inputs lo Fluence Factor calculatlons hareI units iof I 0' nrcm2,E > 1.0 MeV.
(c) The scatter of ARTNar values about a best-fit line drawn, as described In Regulatoty Guide 1.99. Rev.

2. Position 2.1, should be less than 17F for bass metal. As shown above, the scatter of all data
-polnts Is kss than 171. Therefore, credbttily criterIon 3 is met. Since this surveillance data Is
credible, a , margin of 8.59F Is used when predicting the Suy Units 1 and 2 beftline plate material
properties for these materials.

(d) For torgings, the credibility determination requires normalization of measured transition temperature
shift values to the mean Irradiation temperature of surveillance specimens. A correctIon o 1 .0°F Is
applied to measured values of transition temperature shift for each degree of Irradiation temperature
difference between survell1ance specimens and beitline materials. This correction factor Is
documented In EPRI report NP-6114 Pin and ASTM report STP-1048 P'l and Is cited In tho November
12,1997 NRCAndustry meeting minuteA. A temperature correction Is not applied to measured
values of transition temperature shWit for the credibility determination If applicable surveillance data are
Irradiated In a single reactor (i.e., are Irradiated at a simlfar temperature). For the credibility -
determinatIon, a chemistry correction I3 not 'applied to measured values of transition temperature shift
for the credibility determination If ajiplicable surveillance data are obtained from a single source (i.e.,
are machined from the same block of materal).

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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Table 4-5: Surry Units 1 and 2 Surveillance Capsule Data Scatter about the Best Fit
Une for the Weld Material

Measured Best Fit Scatter of
Material FFbI ARTNT ARTNDT81  &IRTrT (-F)

(30 ftlb) (OF) (OF)
Interm. To Lower Shell 1.2380 181 185.55 .5

Circumferential Weld 12338 181 184.92 -4

SA-1585W1650(Units1&2) 0.9474 165 141.99 23

CFa 149.9F 0.8077 107 121.05 -14

Intermediate to Lower Shell 0.6720 95 86.02 9

Circumferential Weld R3008 1.1729 145 150.14 -5

(Unit 2)

CF = 128.0 OF

Lower Shell 0.6535 171 141.61 29

Longitudinal Weld 1.1811 250 255.95 -6

SA-152B 1.1296 234 244.78 -11

(Unit 1) CF . 216.7 'F I°F

NOTES:

(a) The Chemisey Factor used for the best fit tRTmn Is calctlated In accordance with Regulatory Guide
1.99, Rev. 2. Position 2.1, using measured values of transition temperature shift that are
nonmalized to the mean chemical composition of the surveillance materials by application of the
Position 2.1 ratio procedure.

(b) Inputs to iluence Factor calculations are In units of 10"' nitm2, E > 1.0 MeV.
(c) The scatter of ARTNDT values about a best-fit line drawn, as described in Regulatory Guide 1.99, Rev.

2. Position 2.1, Is les than 280F for the Intermediate to Lower Shell Circumferential Welds SA-1585
and R3008. Therefore, credibility criterion 3 Is met for those two surveIllance weld materials. Since
this surveillance weld data is credible, a oa margin of 14F Is used when predicting the Surry Units 1
and 2 beltilne weld material properties for these materials. The scatter of ARTorr values about a best-
fit line for the Unit I Lower Shell LongItudinal Weld SA1 526 exceeds 28 'F. Other combinations of
surveillance data applicable to SA1 U526 on Table 4-1 have also been determIned to be non credible.
Therefore, for the Unit 1 Lower Shell Longitudinal Weld SA-1526, a a, margin of 280F is used when
predicting the weld mateial properties of this material. The Position 1.1 Chemistry Factor, based on
the beltlne material chemIcal composition, Is determined to be conservative in accordance with the
guidelines presented in the November 12, 1997 meeting minutes "'.

(d) The credibility determination requires normalization of measured transition temperature shift
values to the mean Irradiation temperature of surveillance specimens. A correction of 1.00F Is applied
to measured values of transition temperature shift lor each degree of irradiation temperature difference
between surveillance specimens and beitline materials. This cometion factor is documented In EPRI
report NP-6114 ' and ASTM report STP-1046 I and Is cited In the November 12, 1997 NRC/industry
meeting minutesM. A temperature correction is not applied to measured values of transition
temperature shift for the credibility determination if applicable surveillance data are Irradiated in a
single reactor (Le., are Irradiated at a s~milar temperature). For the credibility determination, a
chemistry correction is not applied to measured values of transition temperature shift if applicable
surveillance 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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424 Crediblity CrIterion 4:

CrIteron 4: 7he Irradiation temperature of te Chwpy specimens in the capsule must equal
the vessel wall temperature at the claddinngtase metal interface within 1- 250Fi

The surveillance capsule analysis reports which support the chemistry factor calculations
demonstrate that this criterion Is met.

42.5 Credibility Criterion 5:
Cdteron 5: The surveillance data for the correlation monitor material in the capsule, If

.presen4 must tal within the scatter band of the data base for the material.

The surveillance capsule analysis reports which support the chemistry factor calculations
demonstrate that this criterion Is met.

42.6 Results and Conclusions of the Credibility Evaluation

Results of the credibility evaluation Indicate that, except for the Surry Unit 1 weld material SA-
1526, the surveillance materials meet all of the credibility criteria discussed above. For weld
material SA-1 526, the scatter of measured ARTIT values about the best nA ARTNOT trend line
exceeds 280F. Thus, the SA-1526 surveillance data are not credible. The Regulatory Guide
1.99, Revision 2 Position 1.1 CF for SA-1526 based on the beitline material chemistry
composition is evaluated and determined to be conservative In accordance with the guidance
presented In the November 12,1997 meeting minutes 17. 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 Umit Curves
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5. UNIRRADIATED PROPERTIES

5.1 Intial RTAr of Be/tine Materivls

Table 5-1 below contains a description of th e beltilne materials and their initial RTNDT values.

5.2 Detemnlnation of o,:

For Initial RTN, values not measured, the standard deviations for initial RTNDTvalues for Surry
Units 1 and 2 beltline materials are determined by statistical assessment of available measured
values (i.e., set equal to the standard deviation of the estimate of the unirradiatwd RTND). A oc
value of 0WF is applied to measured values of Initial RTwT.:

5.3 Boft-up Temperature:

The reactor vessel nay be bolted upat temperatures greater than the initial RTswT of the
material stressed by the boltup (i.e., the vessel flange). The most limiting Initial RTNDT value is
100F on the vessel flange. However, a minimum RCS temperature limit of 6OFis imposed to
ensure that the RCS temperatures are sufficintly high to prevent damage to theclosure head/
vessel flange during the removal or installation of the reactor vessel head bolts.

i - - . ;.I

. . . . ..

.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 5-1: Reactor Vessel Beltting Material Initial RTtwr
Valum

Material Description Heat # Initial
RTrWrr(')

Suny Unit I

Nozzle Shell Forging 122V109VA1 40

Intermediate Shell C4326-1 10

Intermediate Shell C4326-2 0

Lower Shelf 4415-1 20

Lower Shell 4415-2 0

Nozzle to Intermediate Shell J726/25017 0
Circumferential Weld

Intermediate to Lower Shell SA-158/72445 -5
Circumferential Weld (ID

40%)

Intermediate to Lower Shell SA-1650/72445 -5
Circumferential Weld (ID

60%)

Intermediate Shell SA- .5
Longitudinal Welds L3 & 1 1494/8T1 554

Lower Shell Longitudinal SA- -5
Weld LI 1494/BT1 554

Lower Shell Longitudinal SA- -7
Weld L2 1S261299L44

Closure Head Flange FV-1894 10

Vessel Flange FV-1870 10

Surry Units I and 2 Heatup and Cooldown Limit Curves
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Table 5-1 (cont'd): Reactor Vessel Betiline Material
Des con

Material Description Heat # Initial
.__ _ __RTNotZ

Surry Unit 2

Nozzle Shell Forging 123V303VA1 30

Intermediate SheD C4331 2 -10

Intermediate SheUl C4332 -20

Lower Shell 4208.2 .30

Lower Shell 43-1 -10

Nozzle to Intermediate Shell L73714275 0
Circumferential Weld

Intermediate to Lower Shell R3008/D227 0
Circumferential Weld

Intermediate to Lower Shell WF4/8T1762 -5
Circumferential Weld L4 (ID

50%)

Intermediate Shell SA-1585172445 -5
Longitudinal Welds L3

(1 00%) & L4 (50%)

Lower Shell Longitudinal WF-4/8T1762 -5

Weld L2 (ID63%) and LI
(100%) ,_.

Lower Shell Longitudinal WF-SITI762 -s
Weld L2 (OD 37%)

Closure Head Flange ZV-7 c10

Vessel Flange ZV-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 Beotline Thickness 8.08 inches

Vessel Inner Radius to Clad 78.95 inches

Vessel Clad Thickness 0.16 Inches

Pre-seniice System Hydrostatic Pressure 3107 psig

Capacity Factor (future cycles) 90%

System and Component Operating Design Press. - 2485 psig
Conditions/DimensIons

Oper. Press. - 2235 psig

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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7. FLUENCE FACTOR DETERMINATION

7.1 Peak Clad Base Metal Interface Fluence for each Belttihe Material:

Tables 7-8 through 7-15 present the best estirnate peak fluences for the various materials in the
Surry Units 1 and 2 reactor vessels.-The cumulative core burnup values (EFPY) at which the

pressurelternperature limit curves are calculated are:

Unit 1:
Current EOL
Renewal EOL -

Unit 2:

Current EOL
Renewal EOL

., _ - . , , . -

29.6 EFPY
= 47.6 EFPY --

= 30.1
= 48.1

EFPY
EFPY -

.I
I I -. ..

Surry Units 1 and 2 Heatup and Cooldown Llrnt Curves
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Table 7-1: Best-Estimate Peak Fluence
(1019 n/cM2, E > 1.0 MeV) at the Pressure

Vessel Base MetalVClad 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 1.44

10.6 1.56

11.7 1.68

13.3 1.83

14.6 1.96

29.6 3.53

47.6 5.40

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



--WCAP-15130 -. ~ -. .7-3

* Table 7-2: Best Estimate Peak Fluence
(101 rn/cn2, E > 1.0 MeV) at the Pressure

Vessel Base Metal/Clad Interface of the Suny
Unit 1 Nozzle to Intermediate Shell -

Circumferential Weld
Unit 1 EFPY Unit I Fluence

1.1 .00999

1.6 .. 0163

2.3 .0252

3.4 .0347

4.5 .. .0462

5.9 .0601

-6.8 .0746

8.0 .0868

9.3 .0976

-10.6 .108

11.7 .120

13.3 .135

14.6 .149

29.6 .307

47.6 .496

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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Table 7-3: Best-Estimate Peak Fluence
(10'9 n/r 2, E > 1.0 MeV) at the Pressure

Vessel Base MetalVOlad Interface of the Surry
Unit I Uper Shell Lonnitudinal Welds

Unit I EFPY Unit 1 Fluence

1.1 .0308

1.6 .0495

2.3 .0697

3.4 .100

4.5 .126

5.9 .156

6.8 .176

8.0 .201

9.3 .229

10.6 .256

11.7 .280

13.3 .315

14.6 .337

29.6 .599

47.6 .913

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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Table 7-4: Best Estimate PFeak Fluence
(1 019 n/rc 2, E > 1.0 MeV) at the Pressure

Vessel Base Metal/Clad Interface of the Surry
Unit I Reactor Vessel Beltine Intermediate to

Lower Shell Circumferential Weld

Unit 1 EFPY Unit I Fluence

1.1 .182

1.6 .294

2.3 .412

3.4 .590

4.5 ., .766

5.9 .959.

6.8 1.18

8.0 1.33

9.3 1.45

10.6 1.57

11.7 _ 1.68
. 1

13.3 1.83

14.6 . .1.94

29.6 3...20

47.6 4.70

Surry Units I and 2 Heatup and Cooldown Limit Curves
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Table 7-5: Best-Estimate Peak Fluence
(1019 n/cm2, 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

1.1 .00307

1.6 .00502

2.3 .00703

3.4 .101

4.5 .128

5.9 .158

6.8 .178

8.0 .204

9.3 23

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-Estlmate Peak Fluence (1 OW
;cm2, E 1.0 MeV) at the Pressure Vessel
Base Metal/Clad Intertace of the Surry Unit 2

Reactor Vessel Plate and Intermediate to
Lower Shell Circumferential Weld Material

Unit 2 EFPY Unit 2 Fluence

1.2 .202

1.9 .329

2.6 .450

3.6 .656

4.9 .828

6.2 1.02

7.4 1.23

8.4 1.34

9.7 1.47

10.9 1.60

12.4 1.74

13.9 1.89

30.1 3.52

48.1 5.34

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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Table 7-7: Best Estimate Peak Fluence
(1019 n/cm2, E > 1.0 MeV) at the Pressure

Vessel Base MetaVClad Interface of the Surry
Unit 2 Nozzle to Intermediate Shell

Circumferential Weld
Unit 2 EFPY Unit 2 Fluence

1.2 .0121

1.9 .0197

2.6 .0289

3.8 .0416

4.9 .0539

62 .0677

7.4 .0824

8.4 .0909

9.7 .104

10.9 .115

12.4 .128

13.9 .142

30.1 .298

48.1 .471

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 7-8: Best-Estimate Peak Fluence (10'9
ncdrn, E > 1.0 MeV) at the Pressure Vessel
Base MetaVClad Interface of the Surry Unit 2
Upper and Lower Shell Longitudinal Welds'

. � I . 7 . - -, , .

t .

I

Unit2EFPY Unit2Fluence

1.2 .0339

1.9 .0572

2.6 .0821

3.8 .116

4.9 -. 146

6.2 .180

- .7.4 .. ,. -.-211- --

8.4A.. .238

.-7 .266

10.9 .292

12.4 .323

13.9 .354

30.1 .697

48.1 1.08

. . - ? . n , . *, ,
. . . .ll . . .,...

.. I . I I .

... . , . 1 ,

':' 7:. - :, , :, .

Surry Units 1 and 2 Heatup and Cooldown Limit Curves : I . . .
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7.2 Fluence Methodology Used:

The methodology used for determining the reactor vesesl neutron fluences is that which is
documented In the Virginia Power Topical Report VEP-NAF-3, 'Reactor Vessel Fluence Analysis
Methodology' Pl. This topical report has been submitted to the NRC for review 19I. 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 forBBeitline Mateials atLocations Other than the Inner Surface

The neutron fluence at any depth in the vessel wall Is calculated as follows:

f = fA * eu4 "' , 1019 n/cm2 (E > 1.0 MeV) (7-1)

where: f, = Vessel inner wall surface fluence, 1 0' n/cm2 (E> 1.0 MeV)
x = is the depth into the vessel wall from the inner surface, inches

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 2L, as follows:

FF = fluence factor = f 02 -°'01 b °) (7-2)

where: f = Vessel inner wall surface fluence, 1/4T fluence or 3/4T fluence,
10 1 n/cm2 (E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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a. CALCULATION OF ADJUSTED REFERENCE TEMPERATURE
. . . . . .

8.1 Methodology,:

From Regulatory Guide 1.99, Re*ison 203, the adjusted reference temperature (ART) for each
material In the beltline region Is given by the following expression:

ARTr InitialRT,,d +RTe,,+ Margin (8-1)

8.1.1 Initial RTwT

Initial RTT, is the reference temperature for the unirradiated material as defined in paragraph
NB-2331 of Section III of the ASME Boiler and Pressure'Vessel Code '. If measured values of
Initial RTwr for the material in question are not available, generic mean values for that class of
material may be used If there are sufficent test results to establish a mean and standard
deviation for the class. Initial RTNDT values are documented In Table 5-1.

8.1.2 ART ioT

ARTNDT 'is the mean value of the adjustment In reference temperature caused by irradiation and
is calculated as the product of the chemistry factor, CF,'and the fluence factor determined per
Equation 7-2, as follows:

A RT = CF * f O.'4AOei (8-2)

To calculate ARTNDT at any depth (e.g., at 1/4T or 3/41), the attenuated fluence at the specific
depth must be determined based on Equation 7-1. The resultant fluence is then placed In
Equation 8-2 In order to calculate the ARTzo&at ite spi cific depth.

8.1.3 Margin used In Adjusted Reference Temperature Calculation:
: - ;-' I . : : i ;.. .. i ; :.. - - :

The margin term used In determining the adjusted RTNvT is calculated using the margin term
equation from Regulatory Guide 1.99, Revision !1), Position 2.1 as follows:

- - ~* M=24h2sAce G

where each of the terms Is described below.

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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Standard Deviation for ARTNoT Margin Term, a,:

a. is the standard deviation of the estimate of the shift in the initial RTNDT determined in
accordance with Regulatory Guide 1.99, Revision 2 I'l. Specific values of ac are as follows:

For plates and forgings:

a, = 17 when survelUance capsule data Is not used
a, = 8.5 when credible surveillance capsule data is used

For welds:

a. = 28 when surveillance capsule data is not used
a= 14 when credible surveillance capsule data is used

NOTE: a. need not exceed 0.5*ARTNoT per Regulatory Guide 1.99, Revision 2.

Standard Deviation for Initial RTNm Margin Term, ac:

When a heat-specific measured value of the initial RTNDT Is not available, then a, is the standard
deviation of the initial RTNUT determined in accordance with Regulatory Guide 1.99, Revision 21'1.
When a heat-specific measured value of the Initial RTNDT is available, a, is assumed to be zero.

When a, is taken to be zero when a heat-specific measured value of initial RTt is available, the
total margin term, based on Equation 4 of Regulatory Guide 1.99 Rev. 2, is as follows:

* Position 1.1: Lesser of ARTNOT or 56F for Welds
Lesser of ARTNDT or 340F for Base Metal

* Position 2.1: Lesser of ARTNOT or 28&F for Welds
Lesser of ARTNOT or 170F for Base Metal

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

Using the methodology described above, the initial RTNm, aRTNDT 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 2 Heatup and Cooldown Limit Curves
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Table 8-1: Calculation of the ART Values for the 1/4T Location at End of Ucense

Material I RG 1.99 CF f Fluence ARTNOt Margin JRTwT ART
-- R2 (a)

Method -:

Surry Unit 1 (29.6 EFPY)

Nozzle Shell Forging Position .-.76.1. 0.187 42.1. 34.0 40.0 116.1
122V109VA1 1.1

IntemedtPosition .e73S5 2.154 88.8. .34.0 10.0 . . 132.8

C4326-1 j .1 .1. .,.

Posto e nidn ii Shell U Potio 73.5 2154 88.8 3 34.0 0 122.8
C432 1.16,2

Lower Shell 4415-1 Position 85.0 2154 102.7_ 17.0 .20.0, 139.7

2.1

Lower Shell 4415-2 Posit~on 73.0 2.154 88.2 34.0 0 122.2

. . : . ,.' 1.1 .,.......,.,,, .... :.;' .

Nozzle to Intermediate iositon 152.0 '0.187 B42 68.8 -0 153.0
Shell Circurnerential 11 -.

Weld J72685017

Internediate to Lower Position 138.0 1.952 163.3 48.3 -5 206.6
Shell Circumnferential

-Weld (ID 40%) : 2.1

SA-1585/72445

Intermediate to Lower Position 138.0 11.952 163.3 48.3 -5 206.6
Shell Circumferential

Weld (ID 60%) . --

SA-1650P72445

Intermediate Shel Position 143.9 0.366 103.9 68.5 -5 167.4
Longitudinal Welds 1.1 -,

1.3 & L4

SA-1494/ST1554

Lower Shell Lonitudinal Posion i143.9 0.329 100.0 68.5 -5 .163.4
Weld LI *.

SA-1494/8T1554'

Lower Shell Longitudinal
Weld L Position 220.6 0.329 153.2 69.5 -7 ,. 215.7

SA-1526W299L44

Notes:
(a) FRuences In units of (10" rtcm2, E > 1.0 MWV)

Surry Units I and 2 Heatup and Cooldown Umit Curves
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Table 8-1 (contd): Calculation of the ART Values for the 1/4T Location at End of License

Material RG 1.99 | CF Fluence AI RTr Margin IRTWT ART
R2 Method (a) !_ I

Surry Unit 2(30.1 EFPY)

Nozzle Shell Forging Position 75.8 0.182 41.5 34.0 30 105.5
123V303VA1 1.1

Intermediato Shell Position 83.0 2.147 100.2 34.0 -10 124.2
C4331-2 1.1

Intermediate Shoe Position 73.4 2.147 88.6 34.0 -20 102.6
C4339-2 1.1

Lower Shell 4208-2 Position 107.3 2.147 129.5 34.0 -30 133.5

1.1

Lower Shell 4339-1 Position 68.4 2.147 82.6 17.0 -10 89.6

2.1

Nozzle to Intermediate Position 160.5 0.182 87.8 68.8 0 156.6
Shell Circumferential 1.1

Weld L737/4275

Intermediate to Lower Position 128.0 2.147 154.6 48.8 0 203A
Shell Circumferential 2.1

Weld R3008/0227

Intermediate to Lower Position 152.4 0.425 116.2 68.5 -5 179.6
Shell Circumferential 1.1

Weld L4 (ID 50%)

WF-418T1762

Intermediate Shell Position 138.0 0.425 105.2 48.3 -5 148.6
Longitudinal Welds L3 2.1
(100%) & L4 (50%)

SA-1585/72445

Lower Shell Position 152.4 0.425 116.2 68.5 -5 179.6
Longitudinal Weld L2 1.1

(1D63%) and LI
(100%)

WF-4/8T1762

Lower Shell Position 152.4 0.425 116.2 68.5 .5 179.6
Longitudinal Weld L2 1.1

(OD 37%)

WF-88T11762

Notes:
(a) Fluences In unft of (1 01 n/ cma, E > 1.0 MoV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Tal -2: Calculation of the ART Values for the 3/4T Location at n f Licens

Material 1 RG 1.99 | cF Fluenee |RT, | Margin | IRT 1 ART--
-jR2 Method (a) I_

Surry Unit 1 (29. EFPY)

Nozzle Shell Forging Position 76.1 0.070 26.5 34.0 40.0 1t00.5
122V109VA1 1.1

Intermnediate Shell 5 0.802 6.8 34.0 10.0 112.9
.C4326-1 . 1.1

Intermediate Shell Position 73.5 0.602 68.9 34.0 0 102.9
C4326-2 1.1

Lower Shell 4415-1 Position 85.0 0.B02 ; 79.7 17.0 20.0 116.7

..
Lower Shell 4415-2 Position 73.0 0.602 68.5 34.0 O0 102.5

- o, ~, ~',' '' ~' 1.1 .. _. .',-..,,,,.-

Nozzle to Interrediate Position 152.0 0.070 53.0 68.8 0 121.8
Shell CirumnferernIal 11

Weld J726/25017

Interrediate to Lower Position 138.0 0.727 125.7 48.3 .5 -189.0
Shell Circumferential

Weld (ID 40%)
SA-1585/2445

IntermediatetoLower Position 138.0 0.727 125.7 48.3 -.5 169.0
Shell Circumferential 2.1

Weld (ID 60%)
SA-1650(72445

Intemediate Shell Position 143.9 0.136 69.3 68.5 -5 132.8
Longitudinal Welds 11 _

1.3 & L4
SA-1494/3T1554

Lower hell Position 143.9 0.123 66.0 -5 129.5
Longitudinal Weld LI 1.-

SA-1 49418T1 55

LowerShell Posion 220.6 0.123 101.2 69.5 -7 183.8
Longitudinal Weld L2

:SA-1 5261299L44 1.1

Notes:
(a) Fluences In units of (10" ntcrr2, E > 1.0 MeV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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ITable B-2 (cont'd): Calculation of the ART Values for the 3/4T Location at End of License "I
Material J RG 1.99 CF Fluence 1RTmT Margin IRTwT ART

R2 Method _ (a)

Surry Unft 2 (30.1 EFPY)
_~ __

Nozzle Shell Forging Position 75.8 0.068 26.0 34.0 30 90.0
123V303VA1 1.1

Intermediate Shell Position 83.0 0.799 77.8 34.0 -10 101.8
C4331-2 1.1

Intermediate Shell Position 73.4 0.799 88.8 34.0 -20 82.8
C4339-2 1.1

Lower Shell 4208-2 Position 107.3 0.799 100.5 34.0 -30 104.5

1.1

Lower Shell 4339-1 Position 68.4 0.799 64.1 17.0 -10 71.1

2.1

Nozzle to Intermediate Position 160.5 0.068 55.1 68.8 0 123.9
Shell Circumferential 1.1

Weld L73714275

Intermediate to Lower Position 128.0 0.799 120.0 48.8 0 168.8
Shell Circumferential 2.1
Weld R3008/0227

Intermediate to Lower Position 152.4 0.158 78.4 68.5 -5 141.9
Shell Circumferential 1.1

Weld L4 (ID 50%)

WF-4/8T1762

Intermediate Shell Position 138.0 0.158 71.1 48.3 .5 114.4
Longitudinal Welds L3 2.1

(100%) & L4 (50%)

SA-1585/72445

Lower Shell Longitudinal Position 152.4 0.158 78.4 68.5 -5 141.9
Weld L2 (ID63%) 1.1

and Li (100%)

WF-4/8T1762

Lower Shell Longitudinal Position 152.4 0.158 78.4 68.5 -5 141.9
Weld L2 (OD 37%) 1.1

WF-B18T17628

Notes:
(a) Fluonces In units of (1io' r1/m", E > 1.0 MeV)

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

Mtra[jCF IFlu'nc AR,~ Margin I RTNDT' ART
R2 Methodj ()I

Su rUnitl (4I EFpy)

Nozzle Shell Forging Position 76.1 0.303 51.2 34.0 40.0 '125.2

Iftr~It hD Position 73.5, 3.24 96.5 34.0 10.0'- 140.5
C4326-11.-

Intermediate Shl Position 73.5, 3.294 96.5, 34.0 0. 130.5
- 4326.2 *. _ _ _ _ _ _ _ _ _ _

Loe hl 451 Position 850 3.294' 111.6 17.0 20.0 148.6
2.1

Loe 1Sel44152 Position' 73.0' 3.294 95.8 34.0 0 129.6

Nozet nemdae Position' 152.0 0.303 102.2 88.8- 0 171.0
Shell Circurrfere~tial1.

We Id J726M201 7- _ _

Internediate to Lower2.8 Position 138.0 '267 176.7 48.3 -5 220.0
Shell Circurnferenitial 2.

Weld (ID 40%)
SA-1585/72445

ntreattoLwr Positon 138.0 .2.887 176.7 48.3 -5 220.0
Shell CircurrferenitIal 21

Weld (ID060%)21
SA-1 85012445 ..

lrlrtdaeSel Position 143.9 0.68 7120A4 68.5 -.5 1 83.9'
Longitudinal Welds

L3&L4 . 11
SA-1494/BT1554

oerSefPosition '143.9 0.482 .114.6 68.5 -5 178.1
Longitudinal Weld LIl.

SA-1494/8T1554-
Lower Shell--

LniuiaWed Position 220.6 0.482 175.7 69.5 -7 .238.2
Longitdinal eld 1

SA-1 526/99L44

Notes:
(a) Fluece in units of (10o n/cm' E > 1.0 MeV)

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

Material RG 1.99 CF | Fluence ARTNDT Margin IRTT | ART
R2 Method (a)I

Surry Unit 2 (48.1 EFPY)

Nozzle Shell Forging Position 75.8 0.287 50.0 34.0 30 114.0
123V303VA1 1.1

Intenrediate Shell Position 83.0 3.258 108.7 34.0 -10 132.7
04331-2 1.1

Intermediate Shlal Position 73.4 3.258 96.2 34.0 -20 110.2
C4339-2 1.1

Lower Shell 4208-2 Position 107.3 3258 140.5 34.0 -30 144.5

1.1

Lower Shell 4339-1 Position 68.4 3.258 89.8 17.0 -10 96.6

2.1

Nozzb to Intermediate Position 160.5 0287 105.8 68.8 0 174.6
Shell Circumferential 1.1

Weld L737/4275

Intermediate to Lower Position 128.0 3.258 167.7 48.8 0 216.5
Shell Circumferential 2.1

Weld R3008A0227

Intermediate to Lower Position 152.4 0.659 134.5 68.5 .5 198.0
Shell Circumferential 1.1
Weld L4 (ID 50%)

WF-8T1762

Intermediate Shell Position 138.0 0.659 121.9 48.3 -5 165.2
Longitudinal Welds L3 2.1
(100%) & L4 (50%)

SA-158572445

Lower Shell Positon 152.4 0.659 134.5 68.5 -5 198.0
Longitudinal Weld 12 1.1

(1D63%) and LI (100%)
WF-4/8TI762

Lower Shell Position 152.4 0.659 134.5 68.5 -5 198.0
Longitudinal Weld L2 1.1

(OD 37%) WF-
8/8TI762

Notes:
(a) i luences In units of (10" n/cm2, 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 314T Location at End of Uicense RenewalI

Material RG 1.99 1 CF I' Fluence & RTN6T Margin IRTwT- ART1
___Method (a)--

Surry Unit 1(47.6 EFPY)

Nozzle Shell Forging Position 76.1 0.1 13 33. 34.0 40.0 107.6
122V109VA1 1.1

Intefniediate Shell
42-1PosItion 73.5 .1.22 77.7 34.0 10.0 121.'7

IntermnediateShell Poiin 734.5 '1.226 77.7 34'.0 0 11,1.7
04326-211

8oe~ei4S1 Psiin 8. .2 9.8 .17.0 20.0 126.8
.2.1

Loe~eI4S2 Position '73.0 1.22 77.1: 34.0 0O 111.1

Nozet nemdae Position 152.0 0.113 67.0' :'68.8 0O 135.9
Shell Circmferential

Weld J726/25017 11

Iereattowr Positon 138.0- 1.067 140.5 ~ 48.3 -5 1 83.9q
Shell Circumferential 2.

* Weld

SA-i 585/7445,

ItreietoLwr Position 138.0 1.067 140.5 48.3 .-5 183.9
*Shell Circumferential 2.

Weld - (ID 60%).
SA.1 650(72445

InemdaeSel Poltion 143.9 0.208 83.2 68.5 -5 146.7
'Long. Welds L3 &L411

SA-1 494/8T1 564

LwrSelPosition 143.9 0.179 78.2 68.5 -5 1141.7
Longitudinal Weld LI 1.

SA-1494/8TI554

Loe~elPosition .- 2k06. 0.179 .119.9 69.5 -7 -182.5 -

1-Lrigitudinal Weld L2 1.
SA:1526/299L44

Notes:
(a) Fluerices in units of (10ll n/cm' E > 1.0 MmV)

Sunry Units I and 2 Heatup and Cooldown Uimit Curves
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Table 814 (cont'd): Calculation of the ART Values for the 3/4T Location at End of License
Renewal

Material RG 1.99 CF | Fluence ARTw.T | Margin IRTwT ART
R2 M ethodJ (a) jI

Surry Unit 2 (48.1 EFPY)

Nozzle Shell Forging Position 75.6 0.107 32.6 34.0 30 96.6
123V303VA1 1.1

Interrnediate Shell Position 83.0 1 913 87.5 34.0 -10 111.5
C4331-2 1.1

Intermediate Shell Position 73.4 1.213 77.3 34.0 -20 91.3
C4339-2 1.1

Lower Shell 4208-2 Position 107.3 1.213 113.0 34.0 -30 117.0

1.1

Lower Shell 4339-1 Position 68.4 1.213 72.0 17.0 -10 79.0

2.1

Nozzle to Intermediate Position 1605 0.107 69.1 88.8 0 137.9
Shell Circumferential 1 1

Weld L737/4275

Intermediate to Lower Position 128.0 1.213 134.9 48.8 0 183.7
Shell Circumferential 21
Weld R3008227

Intermediate to Lower PosHion 152.4 0.245 94.3 68.5 -5 157.8
Shell Circumferential 1.1

Weld L4 (ID 50%)

WF-4/8T1762

Intermediate Shell Positon 138.0 0.245 85.5 48.3 -5 128.8
Longitudinal Welds L3 2.1

(100%) & L4 (50%)

SA-1585J72445

Lower Shell Position 152.4 0.245 94.3 68.5 -5 157.8
Longitudinal Weld L2 1.1

(ID 63%)

and Li (100%)

WF-418T1782

Lower Shell Position 152.4 0.245 94.3 68.5 -5 157.8
Longitudinal Weld 12 1.1

(OD 37%)

WF-8/BT1782

Notes:
(a) Fluences In units of (1013 ncrn,2 E > 1.0 MsV)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 8-5: Summary of Umiting ART Values to be Used In the
Generation of the Surry Units 1 and 2 Reactor Vessel Heatup

and Cooldown Curves'

EFPY 114 T Limiting ART 3/4 Umiting ART

29.6 (Unit 1) 215.7 169.0

30.1 (Unit 2) 203.4 168.8

47.6 (Unit 1) 238.2 183.9

48.1 (Unit 2) 216.5 183.7

* The Unit 1 Lower Shell Longitudinal Weld L2, SA-1526/299L44 Is the limiting
material at the 114T location. The Intermediate to Lower Shell Circumferential
Welds, SA-1585172445 and SA-1650/72445, In Surry Unit 1 are the limiting
materials at the 314T location.

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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9. HEATUP AND COOLDOWN PRESSURE-TEMPERATURE LIMIT...
CURVES - - --

9.1 Introduction and Methodology: :

Pressure-temperature limit curves for normal heatup and cooldown of the primary reactor
coolant system have been calculated for the pressure and temperature in the reactor vessel
betilne region using the methods discussed in Section 3 and 8 of this report. Figures 9-1 to 9-8
define all of pie above limits for ensuring prevntiori of nonductile failure for the WOG Reactor
Vessel 60-Year Evaluation Minigroup reactor vessel. The pressure temperature limit data points
are tabulated In Tables 9-1 to 94.

Figures -1 to 9- present the end of license heatup curves with heatup rates of 20,40 and
600F/hour (a heatup rate of O0 Fihour is defined by the steady state cooldown curve) and with
margins of 00F and 0 psi for possible Instrumnentation errors. Figure 9-4 presents the end of
license cooldown curves with cooldown rates of 0, 20, 40. 60 and 100IF/hour and margins of 00F
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 9-2.

Figures 9-5 to 9-7 present the end of license renewal heatup curves with heatup rates of 20,40
and 600F/hour (a heatup rate of 0°F/hour Is defined by the steady state cooldown curve) and with
margins of 00F and 0 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 1OO0 F/hour and
margins of 00F and 0 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 9-4.

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 9-3 and Figures 9-5 to 9-7 (for the specific heatup
rate and licensing period being utilized). The straight-line 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 Xi of the ASME Codem as follows:

End of License (EOL) 1.5 Ki, < (91)
End of License Renewal (EOLR) 1.5 K1 c <K (9-2)

where,
Kg,, is the stress intensity factor covered by membrane (pressure) stress
K,,= 26.78 + 1.233 e 145rr-Tr-RT.1'G
Kk = 332 + 20.734 e tOM CTrFrrmo
T is the minimum permissible metal temperature, and
RTNoT is the metal reference nil-ductillty temperature

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

Surry Units I and 2 Heatup and Cooldown Unit 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 401F higher than the pressure-temperature
limit curve, constitutes the limit for core operation for the reactor vessel.

9.2 Instrumentation Error Margins (ff they are to be applied and how they are
determnined):

TERR = Temperature instrumentation error = 0
PERR = Pressure instrumentation error = 0
PDELTA = Pressure difference between gage and beltine region - 0

Surry Units 1 and 2 Heatup and Cooldown Umit Curves
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MATERIAL PROPERTY BASIS i

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

LIMITING ART VALUES AT EOL: ./4T, 215.7 0F
4T, 169.0°F
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FIGURE 9-1 Surry Units I and 2 Reactor Coolant System Heatup Limitations (Heatup Rates of 20 'F/hr)
Applicable to'End of License (With Margins of b0 Fand 0 psi for Instrumentation Errors)

Surry Units I 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: 1/4T, 215.70 F

3/4T, 169.0F
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FIGURE 9-2: Surry Units I and 2 Reactor Coolant System Heatup Limitations (Heatup Rate of 40 'Ffhr)
Applicable to End of License (With Margins of 00F and 0 psi for Instrumentation Errors)

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

LIM1TING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T)
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (314T)

LIMITING ART VALUES AT EOL: : /- - 4T, 215.70F
3/4T, 169.0°F
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: temperature (334 F) for the
service period up to EOL

Boltup

. . . . T. .e ... .

0. . . 50 100 .150 -200 250 - 300.. 350 400 450 500 550 ;

Moderator Temperature (Deg. F)

FIGURE 9-3: Surry Units 1 and 2 Reactdr C&olant System Heatup Limitations (HeatupRateof600 F/hr)
Applicable to End of License (With Margins of 0°F and 0 psi for Instrumentation Errors)

Surry Units I and 2 Heatup and Cooldown limit Curves
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MATERIAL PROPERTY BASIS

UMITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (1/4T)
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (314T)

UMITING ART VALUES AT EOL: 114T, 21 5.70F
314T, 169.0°F
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Figure 9-4: 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 (With Margins of O°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)

LIMIING ART VALUES AT EOL: !4T, 238.2°F
3h4T,'183.9°F
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FIGURE 9-5: Surry Units I and 2 Reactor Coolant System Heatup Limitations (Heatup Rates of 20 °F/hr)
-kApplicable to End of License Renewal (With Margins of O0 Fand 0 psi for Instrumentation
Errors)

Surry Units I 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: 1/4T, 238.2°F
3/4T, 183.9 0F
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FIGURE 9-6: Surry Units I and 2 Reactor Coolant System Heatup Limitations (Heatup Rate of 400F/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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MATERIAL PROPERTY BASIS

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

LIM1TING ART VALUES AT EOLR: 1/4T, 238.20F
3/T, 183.9°F
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FIGURE 9-7: Surry Units I and 2 Reactor Coolant System Heatup Limitations (Heatup Rate of 60°Flhr)
-- .Applicable to End of License Renewal (With Margins of 0°F and 0 psi for Instrumentation

Errors)

Surry Units I and 2 Heatup and Cooldown Limit Curves
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MAEILPRPERTYBASIS

LIMITING MATERIAL: LOWER SHELL LONGITUDINAL WELD (114T)
INTERMEDIATE TO LOWER SHELL CIRC. WELDS (3/41)

LIMITING ART VALUES AT EOLR: 1/4T. 238.2*F
3/4T, 183.90F
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Figure 9-8: Surry Units 1 and 2 Reactor Coolant System Cooldown Limitations (Cooldown Rates
of 0, 20, 40, 60 and 1 00 0F/hr) Applicable to End of License Renewal (With Margins of 00F and 0
psi for Instrumentation Errors)

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



WCAP-15130 9-11

TABLE 9-1: WOG Reactor Vessel 60-Year Evaluation Minigroup Heatup Data at End of License with
Margins of 0°F and 0 psi for Instrumentation Errors (Includes Vessel Flange Requirements of 130°F and 621
psig per lOCFR50)

HEATUP RATE(S) -* (DEG. F/HR.) ,= 20.0

2 '
I3
4
:5
6.
7
8
9
10
11
12
13
14
15
16.
17
18
19
20

INDICATED
TEMPERATURE

(DEG. }:)
60 :
65
85 ,
90*.
95
100 '
105
110
115
120
125
130,
135
140
145
150 '
155
160 '
165
170

INDICATED
PRESSURE

(PSIG)
545 21
547 22'
556 23
559 24
561 25.
565 26
568 27
572 28
576 29
580 30
584 31:
589 32
594 33
600 34
606 35
613 36
620 37
627 38
635 39`
644

INDICATED
TEMPERATURE

(DEG. F)
175
180
185f'

195'
200
205
210.
215'
220
225
230
235' -
240
245
250
255 -
260 , ,
265

INDICATED INDICATED
PRESSURE TEMPERATURE

(PSIG) (DEG. F)
653 40 270
663 41 275
674 42 280
686 43 285
698 44 290
712 45 295
726 '46 300
742 47 305
758 48 310
776 49 315
795 50 320
816 51 325
839 52 330.
863 53 335
888 54 340
916 55 345
946 56 350
978 57 355'
1012 58 360

INDICATED
PRESSURE

(PSIG)
1049
1089
1132
1178
1227
1281
1338
1398
1460
1526
1597
1674
1756
1845
1940
2042
2152
2270
2397

HEATUP RATE(S) (DEG. F/HRZ.) 40.0

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

INDICATED
TEMPERATURE

(DEG. F)
60
65
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170

INDICATED
PRESSURE

(PSIG)
545
547
549
549
549
549
550
553
557
562
568
574
581
590
598
608
618
627
635
644

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

INDICATED
TEMPERATURE

(DEG. F)
175
180
185
190
195
200

*205
210
215
220

* 225
230
235
240
245
250
255
260
265
270

INDICATED
PRESSURE

(PSIG)
653
663
674
686
698
712
726
742
758
776
795
816
839
863
888
916
946
978
1012
1049

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

INDICATED
TEMPERATURE

(DEG.F)
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365

INDICATED
PRESSURE

(PSIG)
1089
1132
1178
1227
1281
1338
1399
1458
1520
1586
1658
1735
1817
1906
2002
2104
2214
2332
2459

Surry Units I and 2 Heatup and Cooldown Limit Curves
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Table 9-1, Continued

HEATUP RATE(S) (DEG. F/HR.) = 60.0

12

2
3
4
5
6
7
8
9
10
I11
12
13
14
15
16
17
18
19
20

INDICATED
TEMPERATURE

(DEG.F)
60
65
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170

INDICATED
PRESSURE

(PSIG)
524
524
524
524
524
524
524
524
525
526
529
533
538
543
550
557
566
575
585
595

INDICATED
TEMPERATURE

(DEG. F)
21 175
22 180
23 185
24 190
25 195
26 200
27 205
28 210
29 215
30 220
31 225
32 230
33 235
34 240
35 245
36 250
37 255
38 260
39 265
40 270

INDICATED
PRESSURE

(PSIG)
607
620
634
649
665
683
702
722
744
767
793
816
839
863
888
916
946
978
1012
1049

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

INDICATED
TEMPERATURE

(DEG. F)
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365

INDICATED
PRESSURE

(PSIG)
1089
1132
1178
1227
1281
1338
1399
1459
1517
1579
1646
1718
1796
1879
1968
2063
2166
2276
2395

Surry Units I and 2 Heatup and Cooldown Limit Curves
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Table 9-2: WOG Reactor Vessel 60-year Evaluation Minigroup Cooldown Data at End of
License with Margins of 0°F and 0 psi for Instrumentation Errors (Includes Vessel Flange
Requirements of 130°F and 621 psig per 10CFR50)

z O DD5
. . .

. .

A,

....

. .

. . .

-F./ MR COOLDOWN)
.: .",

1
2
3

, . .4

5
.6

- 7
; 8. - -. g

10
- 11

12

13
14
1S
16
17
18
19

* 20
21

INDICATED
TNPIERATURE

'DES.F)

60. 000
'C65.000
70.000
75.000
-80.000
B5.000
90.000
95.000

100.000
105 .000
110.000
115.000
120.000
125.000
130.000
135.000
140.000
145.000
150.000
155.000
160.000

INDICATED
PRESSURE

(PSIG)

544.77
546.66-
548.70
550.90
553.26
555.79

-558.52
561.45
564.60

. 567.99
571.64

.575.55
*579.76
584.29
589.16
594.40
600.02
C06.03
612.58
619.58
627.10

INDICATED
PRESSURE
(PSIG)

499.36
501.20
503.16
505.30
507.59
510.09
512.78
515.71
518.85
522.26
525.93
529.90
534.18
538.81
543.78
549.17

; 4

22
23
24
25
26
27
28
29

-- 30
31

:32
33

*34
35
36
37
38
39
40
41 .

INDICATD
TDMPINATUP.E

tDEG .F)(v .P

165 .000
170.000
175.000
180.000
l85.000
190 .0O0
195.000
200. 000
205.000
210.000
215.000
220.000
225.000
230.000
235.000
240.000
245.000
250.000
255.000
260.000-

INDICATED
PRESSURZ

lPSIGI

635.19
643.97
653.22
-663.27
674.07
685.69
~698.1E
711.61
726.04

*741.57
,7S8.25
.776.20
795.49
816.23
838.53
862.51
988.28
916.00
945.80 i
977.83

NDDICATED
PRESSURE

(PSIG)

554.96
561.21
567.94
575.21
583.02
591.46
600.53
610.33
620.85
632.20
644.41
657.57
671.72
686.98
703.37
721.05

INDICATED
* TEXPEATURE

(-DEC.F)

42 265.000
43 '270.000
44 275.'000

*45 200.000
46 285.000
47 290.000
*48 295.000
-49 300.000
S0 305.000
51 310.000
52 315.000

-'53 320.000
54 325.000

,55 330.000
56 -335.000
57 340.000
58 345.000
59 350.000
60 355.000
61 360.000

INDICATED
PRESSURE

(PSIG)

1012.28
1049.31
1089.13
1131.94
1177.97
1227.45
1280.66
1337.86
1399.37
1465.49
1536.59
1613.03
1695.21
1783.57
1878.57
1980.71
2090.53
2208.60
2335.54
2472.02

INDICATED
PRESSURE

(PSIG)

740.05
760.52
782.53
806.24
831.72
859.17
888.68
920.46
954.63
991.41

1030.96
-1073.53

1119.30
116S.57
1221.54
1278.55

I -20 DW-F / 6HR COo

10
21

23
24

26

.7
8

12
1 3
14

: 16

*.7 .

INDICATiD
TEMPERATURE

(DE .F)

60.000
65.000
70.000
75.000
80.000
85.000
90.000
95.000

100.000
105.000
110.000
115.000
120.000
125.000
130.000
135.000

INDICATED
'' NPERASURE

(DEC.F),,

17 140.000
1s 145.000
19 150.000
20 155.000.
21 160.000
22, 165.000
23 170.000
24 175.000
25 180.000
26 185.000
27 190.000
28 295.000
29 200.000
30 205.000
31 , 210.000
32 - 215.000

INDICATED
TEMPERNATURE

(DEG.F)

33 220.000
34. 225.000.
35' 230.000

' 36 235.000
37 - 240.000
38 245.000

-39 250.000
40 255.000
41 260.000
42 265.000
43 270.000
44, 275.000.
45- 290.000
46 285.000
47- 290.000

:48 295.000

. .,

'' ".''''
. . .

: .

: . . S .

: ... :

.
. .... .

.. ..

.
.

. .

,

. .

.. 
.. . .

. . .

11 . t

Surry Units I and 2 Heatup and Cooldown ULmit Curves
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Table 9-2, Continued

( 40 DEG-F / HR COOLDOWN)

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEC.F) (PSIG)

INDICATED INDICATED
TEPERATURE PRESSURE

(DEM.F) IPS1G)

INDICATED INDICATED
TEMPERATURE PRESSURE

(OED.F) IPSIG)

1 60.000
2 65.000
3 70.000
4 75.000
S 80.000
6 S5.000
7 90.000
8 95.000
9 100.000

10 105.000.
11 110.000
12 115.000
13 120.000
14 125.000
15 130.000
16 135.000

453.02
454.75
456.64
458.71
460.96
463.43
466.10
469.01
472.16
475.60
479.32
463.36
487.72
492.46
497.59
503.12

17 140.000
18 145.000
19 150.000
20 155.000
21 160.000
22 165.000
23 170.000
24 175.000
25 180.000
26 185.000
27 190.000
29 195.000
29 200.000
30 205.000
31 210.000
32 215.000

509.11
515.60
522.59
530.16
538.32
547.14
556.65
566.92
577.99
589.94
602.82
616.71
631.68
647.82
665.21
683.96

33 220.000
34 225.000
35 230.000
36 235.000
37 240.000
38 245.000
39 250.000
40 255.000
41 260.000
42 265.000
43 270.000
44 275.000
45 280.000
46 285.000
47 290.000
48 295.000

704.14
725.90
749.32
774.57
801.73

-831.01
862 .52
896.46
932.98
972.33

1014.65
1060.25
1109.29
1162.12
1218.94
1280.12

60 DEG-F / MR CXOLDOWN)

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEC.F) (PSIG)

1
2
3
4
5
6
7
6
9

10
11
12
13
14
15
16

60.000
65.000
70.000
75.000
80.000
85.000
90.000
95.000

100.000
105.000
110.000
115.000
120.000
125.000
130.000
135.000

405.62
407.26
409.09
411.11
413.32
415.76
418.42
421.33
424.51
427.99
431.77
435.E9
440.36
445.24
450.52
456.26

INDICATED
rEMPERMTURE

(DEG. J)

17 140.000
1i 145.000
19 150.000
20 155.000
21 160.000
22 165.000
23 170.000
24 175.000
25 180.000
26 185.000
27 190.000
28 195.000
29 200.000
30 205.000
31 210.000
32 215.000

INDICATED
PRESSURE

IPSIG)

462.47
469.21
476.51
484.42
492.96
502.22
512.22
523.03
534.71
547.33
560.95
575.66
591.53
608.66
627.14
647.08

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG.F) IPSIG)

33 220.000
34 225.000
35 230.000
36 235.000
37 240.000
38 245.000
39 250.000
40 255.000
41 260.000
42 265.000
43 270.000
44 275.000
45 280.000
46 285.000
47 290.000

668.57
691.75
716.74
743.68
772.71
804.00
837.71
874.04
913.17
955.34

1000.74
1049.65
1102.32
1159.05
1220.12

( 100 DEG-F/HR COOLDOWN )

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG.F) (PSIG)

INDICATED INDICATED
TE4PERATURE PRESSURE

(DEG. F) (PSlG)

1 60.000
2 65.000
3 70.000
4 75.000
5 80.000
6 05.000
7 90.000
8 95.000
9 100.000

10 105.000
11 110.000
12 115.000
13 120.000
14 125.000
15 130.000
16 135.000

307.52
309.03
310.75
312.69
314.85
317.26
319.93
322.90
326.17
329.78
333.75
338.10
342.87
348.09
353.79
360.02

17 140.000
18 145.000
19 150.000
20 155.000
21 160.000
22 165.000
23 170.000
24 175.000
25 180.000
26 185.000
27 190.000
28 195.000
29 200.000
30 205.000
31 210.000

366.79
374.18
382.21
390.95
400.43
410.74
421.90
434.02
447.14
461.35
476.73
493.39
511.39
530.86
551.90

INDICATED
TEMPERATURE

IDEG. F)

32 215.000
33 220.000
34 225.000
35 230.000
36 235.000
37 240.000
38 245.000
39 250.000
40 255.000
41 260.000
42 265.000
43 270.000
44 275.000
45 280.000
46 295.000

INDICATED
PRESSURE

tPSIG)

574.65
599.21
625.75
654.39
685.32
718.69
754.70
793.54
835.44
880.62
929.35
981.86

1038.48
1099.49
1165.25

Surry Units 1 and 2 Heatup and Cooldown Limit Curves



WCAP-15130
. . 9. 1

TABLE 9-3: WOG Reactor Vessel 60-Year Evaluation Minigroup Heatup Data at End of License Renewal
with Margins of 0°F and 0 psi for Instrumentation Errors (Includes Vessel Flange Requirements of 130°F and
621 psig per 1OCFR50) I .

HEATUP RATE(S)

INDICATED

TEMPERATURE
(DEG. F)

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

(DEG. FIHR.) =

INDICATED
PRESSURE

(PSIG)
621 18
621 19
621 20
621 -21
621 22
621 23
621 ,24
621 25
621 26
621 27
621 28
621 29
690 ,30
695 31
700 32
706 33
713 34

,20.0 . .

INDICATED
TEMPERATURE

(DEG. F)
155:
160;
165 7

170,
175.,

180 -

185.
190'
195.
200
205
210 .
215
220,
225.
230'
235

INDICATED -
PRESSURE

(PSIG)
720 35
728 36
737 -.. 37

.747 38
.758 . 39
770 40

.783 .;41
797 *42
814 - 43
831 44
851 . 45
873 46
897 - 47
924 ., 48
953 49
985 50
1021

INDICATED
TEMPERATURE

(DEG. F)
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315

INDICATED
PRESSURE

(PSIG)
1061
1105
1153
1207
1266

.1326
1392
.1465
1545
1634
1732
1840
1960
2092
2239
2400

HEATUP RATE(S) (DEG. F/HR.) = 40.0

I
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17

INDICATED
TEMPERATURE

(DEG. F)
60
65
85
90
95
100
105
110
115
120
125
130
130
135
140
145
150

INDICATED
PRESSURE

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

TEMPERATURE
(DEG. F)

18 155
19 160
20 165
21 170
22 175
23 180 '
24 185
25 190
26 195
27 200
28 205
29 . 210

30 215
31 220
32 . 225
33 230
34 235

PRESSURE
(PSIG)

720
728
737
747
758
770
783
797
814
831
851
873
897
924
953
985
1021

INDICATED INDICATED

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

INDICATED
TEMPERATURE

(DEG. F)
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320

INDICATED
PRESSURE

(PSIG)
1061
1105
1153
1207
1266
1325
1386
1452
1525
1606
1696
1795
1904
2024
2157
2304
2466

Surry Units I and 2 Heatup and Cooldown Limit Curves
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Table 9-3, Continued

HEATUP RATE(S) (DEG. F/HR.) = 60.0

1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17

INDICATED
TEMPERATURE

(DEG. F)
60
65
85
90
95
100
105
110
115
120
125
130
130
135
140
145
150

INDICATED
PRESSURE

(PSIG)
621
621
621
621
621
621
621
621
621
621
621
621
649
656
663
672
682

INDICATED
TEMPERATURE

(DEG. F)
18 155
19 160
20 165
21 170
22 175
23 180
24 185
25 190
26 195
27 200
28 205
29 210
30 215
31 220
32 225
33 230
34 235

INDICATED
PRESSURE

(PSIG)
694
707
721
738
756
770
783
797
814
831
851
873
897
924
953
985
1021

INDICATED
TEMPERATURE

(DEG. F)
35 240
36 245
37 250
38 255
39 260
40 265
41 270
42 275
43 280
44 285
45 290
46 295
47 300
48 305
49 310
50 315
51 320

INDICATED
PRESSURE

(PSIG)
1061
1105
1153
1207
1266
1329
1384
1445
1512
1586
1668
1758
1858
1967
2089
2222
2370

Surry Units I and 2 Heatup and Cooldown Limit Curves
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Table 9-4: WOG Reactor Vessel 60-year Evaluation Minigroup Cooldown Data at End of
License Renewal with Margins of 0°F and 0 psi for Instrumentaton Errors (Includes Vessel
Flange Requirements of 1300F and 621 psig per 10CFR50)

, I STVA.D-STATE COOLDOW )

INDICATED
TMPZRATURZ

''1 -60.000
' 2 65.000

3 70.000
'4 -75.000
5 90.000
6 e5.000
'7 90.000
8 195.000
9 100.000

10 105.000
11 110.000
12 115.000
13 120.000
14 125.000
15 130.000
16 130.000

.17- 135.000
18 .140.000

INDICATED
PRESSURE

IPSIG)

621.00
621.00
621.00
,621.00
;621.00
621.00
621.00
621.00
621.00
'621.00621.00
621.00

621.00
621.00
621.00
690.22
695.08
700.45

INDICATED
TEMPERATURE

(DEG.F)

19 145.000
20 lS0.000
21 155.000
22 160.000
23 165.000
24 170.000
25 175.000
26 180.000
27 185.000
28 190.000
29 195.000
30 200.000
31 205.000
32 210.000
33 215.000
34 220.000
35 225.000

INDICATED
TEMPERATURE

INDICATED
PRESSURE

IPSIG)

706.38
712.94
,720.19
728.20
737.06
746.84
757.66
769.61
,782.82
797.42
813.55
831.38
851.09
872.87
896.94
923.54
952.94

*36
' ' 37

I 38
. 39

: 4041

42
*-43
44

.45
46
47
48
49
50
51

'. 52

(DEG.F)

230.000
235.000
240.000
245.000
250.000
255.000
260.000
265.000
270.000
275.000
2B0. 000
285.000
290.000
295.000 -
300.000
305.000
310.000

INDICATED
PRESSURE

(PSIG)

995.43
1021.34
1061.02
1104.98
1153.35
1206.91
1266.11
1331.54
1403.85
1493.76
1572.08
1669.68
1777.56

' 1896.77
2028.53
2174.14
2335.06

( 20D EG-F XHR c0oLDOw)

. .2

. .4'2
-3 -

5,
6
7
8
9

10
11
12
13
14

INDICATED
TEMPERATURE

(DEG.F)

60.000
65.000
70.000-
75.000
80.000
85.000
90.000
95.000

100.000
105.000
110.000
115.000
120.000
125.000

INDICATED
PRESSURE

IPSIG)

609.42
610.55
611.78
613.17
614.72
616.47
618.41

.620.59
621.00
621.00
621.00
621.00
621.00
621.00

. t

. . 1

; . . 2.

15

17

18
.19
20
21
22
23
24
25
26
27

INDICATED
TEZPERATURE

(DEG.F)

130.000
130.000
135.000
140.000
145.000
150.000
155.000
160.000
165.000
170.000
175.000
180.000
185.000

INDICATED
PRESSURE

(PSIG)

621.00
644.51
649.62
655.27
661.56
668.51
676.25
684.79
694.29
704.79
716.44
729.31
743.60

INDICATED INDICATED
TEMPERATURE PRESSURE

: (DECG.?) (PSIG)

28 190.000 759.39
29 195.000 776.89
30 200.000 196.23
31 205.000 817.67
32 210.000 941.36
33 215.000 967.60
34 220.000 896.61
35 225.000 928.73
36 230.000 964.23
37 235.000 1003.53
38 240.000 1046.97
39 245.000 1095.04
40 250.000 1148.19

( 40 DEC-F / MR COOLDOMN)

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG.F) (PSIG)

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG.F) fPSIc)

1 60.000
2 65.000
3 70.000
4 75.000
5 80.000
6 85.000
7 90.000
8 95.000
9 100.000

10 105.000
11 110.000
12 115.000
13 120.000

562.49
563.49
564.63
565.95
567.45
569.16
571.08
573.27
575.71
579.47
581.56
585.03
588.89

14
15
16
17
19
19
20
21
22
23
24
25
26

125.000
130.000
135.000
140.000
145.000
150.000
155.000
160.000
165.000
170.000
175.000
180.000
185.000

593.23
598.05
603.45
609.44
616.13
623.56
631.83
641.01
651.23
662.55
675.14
689.08
704.57

INDICATED
TEMPERATURE

(DEG.F)

27 190.000
28 195.000
29 200.000
30 205.000
31 210.000
32 215.000
33 220.000
34 225.000
35 230.000
36 235.000
37 240.000
38 245.000
39 250.000

INDICATED
PRESSURE

(PSIG)

721.72
740.76
761.83
785.21
811.09
839.76
871.50
906.67
945.59
988.69

1036.39
1089.20
1147.63

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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Table 94, Continued

1 60 DEG-F I KR COOLDOWN)

INDICATED INDICATED
TEKPRATURE PRESSURE

(DEC.F) IPSIG)

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG.F) (PSIG)

INDICATED INDICATED
TEMPERATURE PRESSURE

(DEG.?) (PSIG)

1 60.000
2 65.000
3 70.000
4 75.000
5 80.000
6 B5.000
7 90.000
8 95.000
9 100.000

10 105.000
11 110.000
12 115.000
13 120.000

514.47
515.37
516.44
517.70
519.16
520.84
522.77
524.97
527.47
530.30
533.50
537.12
541.17

14 125.000
15 130.000
16 135.000
17 140.000
18 145.000
19 150.000
20 155.000
21 160.000
22 165.000
23 170.000
24 175.000
25 180.000
26 185.000

545.74
550.85
556.58
562.97
570.13
578.10
587.01
596.91
607.95
620.22
633.87
649.03
665.89

27 190.000
28 19S.000
29 200.000
30 205.000
31 210.000
32 215.000
33 220.000
34 225.000
35 230.000
36 235.000
37 240.000
38 245.000
39 250.000

684.59
705.36
728.40
753.97
782.31
823.75
848.58
887.20
929.98
977.39

1029.89
1088.06
1152.46

( 100 DEC-F/HR COOLDOI )

INDICATED IJDICAT1D
TEMPERATURE PRESSURE

(DEC.F) (PSIG)

1 60.000
2 65.000
3 70.000
4 75.000
5 80.000
6 85.000
7 -90.000
8 95.000
9 100.000

10 105.000
11 110.000
12 115.000
13 120.000

415.07
415.82
416.78
417.95
419.37
421.06
423.04
425.35
428.02
431.11
434.63
43B.65
143.22

INDICATED
TEMPERATURE

(DCG. F)

14 125.000
15 130.000
16 135.000
17 140.000
18 145.000
19 150.000
20 155.000
21 160.000
22 165.000
23 170.000
24 175.000
25 180.000
26 185.000

INDICATED
PRESSURE

(PSIG)

448.40
454.25
460.85
468.26
476.60
485.94
496.40
508.10
521.18
535.77
552.05
570.18
590.38

INDICATD InDICATED
TEMPERATURE PRESSURE

(DEC.F) (PSIG3

27 190.000
28 195.000
29 200.000
30 205.000
31 210.000
32 215.000
33 220.000
34 225.000
35 230.000
36 235.000
37 240.000
38 245.000

612.86
637.87
665.66
696.57
730.88
769.00
811.31
858.27
910.36
968.15

1032.23
1103.29

Surry Units 1 and 2 Heatup and Cooldown Limit Curves
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10. Enable Temperature Calculation '

10.1 ASME Code Case N-5i4 Mehodology-

ASME Code Case N-514 requires that the LTOP or COMS system be in operation at coolant
temperatures less than 2000F or at coolant temperatures less than-a temperature corresponding
to a reactor vessel metal temperature less than RTwT + 500F, whichever Is greater. RTNVT 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, Revision 211'

10.2 Enable Temperature Calculation:

10.2.1 End of Ucense Enable Temperature

The highest calculated 114T ART for the Suny Units 1 and 2 reactor vessel beltline region at the
end of license EFPY is 215.70F.

From the OPERLIM computer code output for the N. Anna Units I and 2 end of license pressure
temperature limit curves without margins the maximum DT,,,, is:

Cooldown Rate (Steady-State Cooldown):
max (DTmw) at 1/4T = 00F

Heatup Rate of 60OF/Hr.
max (DT,,ft,) at 14T = 36.1 'F

Minimum Enable Temperature (ENBT) = RTNDT + 50 + max (DTw,), 'F
= (215.7 + 50 + 36.1) 'F

301.8&F

The minimum required enable temperature for the Surry Units I and 2 Reactor Vessel are
conservatively chosen to be 3051F for the end of license pressure temperature limits.

Surry Units 1 and 2 Heatup and Cooldown Umit Curves I I
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10.22 End of Ucense Renewal Enable Temperature Calculation

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

From the OPERLIM computer code output for the Suny 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,,w) at 1/4T = 0°F

Heatup Rate of 600F/Hr:
max (DT,,,) at 1/4T = 36.1'F

Minimum Enable Temperature (ENBT) RTNm + 50 + max (DT,,,,), OF
= ( 238.2 + 50 + 36.1 ) OF
= 324.30F

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

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

Westinghouse Letter VPA-03-193 dated October 9. 2003
"Dominion Generation, Surrv Units 1 and 2, Thermal Stress Intensity Factors and

Vessel Wall Temperatures for PT Curves from WCAP-1 5130, Revision 1"



(Westinghouse

Mr. Robert Margolis
Dominion Generation
.Innsbrook Technical Center
5000 Dominion Boulevard
Glen Allen, VA 23060

Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230.0355
USA

Direct tel:
Direct fax:

e-mall:

412-374-6345
412-374-3257
Ricel wr@westinghouse.com

Our ref: VPA-03-193

October 9, 2003

DOMINION GENERATION
SURRY UNITS 1 AND 2

Thermal Stress Intensity Factors and Vessel WaD Temperatures for PT Curves from WCAP-15130,
Revision I

Dear Mr. Margolis:

Reference: (1) WCAP-15130, Revision 1, "Surry 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 & 3/4

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

W. R. Rice
Customer Projects Manager

Cc: J. Harrell
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bcc: W. R. Rice
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T. Laubham
VRA File
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ATIACHMENT 1
TABLE 1

Kit Values for 60°F/hr Heatup Curve (EOLR)

Water Vessel Temperature 1/4T Thermal Vessel Temperature 3/4T Thermal
Temp. @ 114T Location for Stress @ 314T Location for Stress

('IF) 60°F/hr Heatup Intensity Factor 60 °Flhr Heatup Intensity Factor
(OF) (KSI SQ. RT. IN.) (oF) . (KSI SQ. RT. IN.)

75 71.53 -1.0783 70.17 0.6035
80 74.86 -2A 166 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 34 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 4.3030
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

PFT Curves are limited by the SS from Temp. = 215°F to 260°F,
then limited by the 1/4 T location up to Temp. = 320°F

215 1 201.81 I -7.9888 I 187.47 I 6.0544

Official Record Electronically Approved In EDMS 2000 A BNFL Group company
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220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320

206.76
211.72
216.67
221.62
226.58
231.53
236.49
241.45
246.40
251.36
256.31
261.27
266.23
271.18
276.14
281.09
286.05
291.00
295.96
300.91
305.87

-8.0252
-8.0588
-8.0943
-8.1275
-8.1625
-8.1954
-8.2301
-8.2630
-8.2975
-8.3304
-8.3648
-8.3977
-8.4321
-8.4652
-8.4996
-8.5328
-8.5673
-8.6006
-8.6351
-8.6686
-8.7032

192.37.
* 197.27

202.18
207.08
211.99
216.90
221.80
226.71
231.62
236.53
241.43
246.34
251.25
256.16
261.06
265.97
270.88
275.78
280.69
285.60
290.51

6.0812
6.1075
6.1337
6.1596
6.1854
6.2110
6.2367
6.2622
6.2877
6.3132
6.3387
6.3642
6.3897
6.4152
6.4408
6.4664
6.4921
6.5177
6.5434
6.5692
6.5950

Vessel Radius to the '/4T and 3¾4T Locations are as follows:
* 1/4T Radius = 81.130" &

* 3/4T Radius = 85.170"

Official Record Electronically Approved in EDMS 2000 A BNFL Group comnpany
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TABLE 2
KtVnPCfr- 1nnFh MMA- frrP &T DI

; V ARU r J AUR L I Alli %..AJAJ1VJWII %- UIR TV% - ,J)

Water Vessel Temperature @ 100°F/hr Cooldown
Temp. I14T Location for. 1/4T Thermal Stress

(OF) 100°F/hr Cooldown Intensity Factor
(OF) (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

235 259.05 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

195 218.43 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

Official Record Electronically Approved in EDMS 2000 A BNFL Group cornpany



Page 6
Our ref: VPA-03-193
October 9, 2003

75 96.59 12.8723
70 91.51 12.8153
65 86.44 12.7580
60 81.36 12.7004
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TS 3.1-9
(3-42-10

Heatup and cooldown limit curves are calculated using the most limiting value of the

nil-ductility, reference temperature, RTNDT, at the end of 2&8-Effective Full Power Years

(EFPY) and 294¢EFPY for Units 1 and 2, respectively. The most limiting value of RTNDT
Z38. Z
(G2OO.F) occurs at the 1/4-T, 0° azimuthal location in the Unit I intermediate-to-lower

shell circumferential weld. The limiting RTNDT at the 1/4-T location in the core region is

greater than the RTNDT 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 RTNDT; 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 RTNDT. 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
4'7~ (O

and 3.1-2 include predicted adjustments for this shift in RTNDT at the end of.2&& EFPY

and.294 EFPY for Units I 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

ARTNDT determined from the surveillance capsule exceeds the calculated ARTNDT for the
427C

equivalent capsule radiation exposure, or when the service period exceeds 2 EFPY or

294 EFPY for Units I and 2, respectively, prior to a scheduled refueling outage.

Amendment Nos. Bases
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TS 3.1-10

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, 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,
K,, for the combined thermal and pressure stresses at any time during
heatup or cooldown cannot be greater than the refereqce stress intensity
factor, K1, for the metal temperature at that time. K+R is obtained from

the reference fracture toughness curve, defined in Append4*-to the
ASME Code. The K.# curve is given by the equation:

KIR - 26.78 1.223 cp (0.0145(TP RT1jE)T 1 460)] (1)
where K4R.is the reference stress intensity factor as a function of the
metal temperature T and the metal nil ductility reference temperature
RTNDT. Thus, the governing equation for the heatup-cooldown analysis

is defined in Appendix G of the ASME Code as follows:
C KIM + KIt < K4R IC (2)

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

stress.

C = 33.2 + 20.73Y p.oz -T-R-1TNYJ%



TS 3.1-11
-4228-95-

Kft is the stress intensity factor caused by the thermal gradients

s rovided by the code as a function of temperature relative to
- NDT 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 transien determined

by the metal temperature at the tip of the postulated 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, KIt, 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 600 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 1000F/hr. The heatup and cooldown
curves were prepared based upon the most limite of the

ed adjusted reference temperature at the end FPY and
FPY for Units 1 and 2, respectively. The ad)uTe reference

rature 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. Let- anr 2a,



TS 3.1-23a
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(3) During the initial 72 hours, maintain a bubble in the
pressurizer with a maximum narrow range level of 33%,

or
(4) Maintain two Power Operated Valves (PORV)

OPERABLE with a lift setting.o C39tig and verity each
PORV block valve is open at least once per 72 hours,

or
(5) The RCS shall be vented through one open PORV 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 > 2000F but < 3500F 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. -2 ndnd .07-
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R ctor Coolant System Heatup Limitations
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Figure 3.1-1

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

Surry Units I and 2
Reactor Coolant System Cooldown Limitations

Material Property Basis
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TS 3.1-9

Heatup and cooldown limit curves are calculated using the most limiting value of the

nil-ductility reference temperature, RTNDT, 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 RTNDT

(238.2'F) occurs at the 1/4-T, 00 azimuthal location in the Unit I intermediate-to-lower

shell circumferential weld. The limiting RTNDT at the 1/4-T location in the core region is

greater than the RTNDT 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 RTNDT; the results

are presented in UFSAR Section 4.1. Reactor operation and resultant fast neutron

(E greater than I MEV) irradiation can cause an increase in the RTNDT. 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 RTNDT 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 ARTNDT determined from the surveillance capsule exceeds the calculated

ARTNDT 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, 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

reference stress intensity factor, KIC, for the metal temperature at that time. KIC is

obtained from the reference fracture toughness curve, defined in Section XI to the ASME

Code. The KIC curve is given by the equation:

KIC = 33.2 + 20.734 exp [0.02(T - RTNDT)] (1)

where KIC is the reference stress intensity factor as a function of the metal temperature T

and the metal nil ductility reference temperature RTNDT. Thus, the governing equation for

the heatup-cooldown analysis is defined in Appendix G of the ASME Code as follows:

C KIM + Kjt I•KIC (2)

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

Amendment Nos.
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Kit is the stress intensity factor caused by the thermal gradients

KIC is provided by the code as a function of temperature relative to the 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 transient, KIC is determined by the metal

temperature at the tip of the postulated flaw, the 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, KIt, 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 601F 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 100F/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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(3) During the initial 72 hours, maintain a bubble in the pressurizer with a

maximum narrow range level of 33%,

or

(4) 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,

or

(5) The RCS shall be vented through one open PORV 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 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.



Figure 3.1-1

Surry Units 1 and 2
Reactor Coolant System Heatup Limitations

Material Property Basis
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Figure 3.1-1: Surry Units I and 2 Reactor Coolant System Heatup Limitations (Heatup

Rates up to 60 1Fhr) Applicable for the first 47.6 EFPY for Unit 1 and
48.1 EFPY for Unit 2 (Including Margins for Instrumentation Errors)
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Figure 3.1-2

Surry Units 1 and 2
Reactor Coolant System Cooldown Limitations
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(Cooldown Rates up to 100°Fhr) Applicable for the first 47.6 EFPY for
Unit 1 and 48.1 EFPY for Unit 2 (Including Margins for Instrumentation
Errors)

Amendment Nos.



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

ATTACHMENT 4

Reaulatory Basis And Reauest For Exemption

Surry Power Station
Units 1 and 2

Virginia Electric and Power Company
(Dominion)



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

REGULATORY BASIS AND REQUEST FOR EXEMPTION

Virginia Electric and Power Company (Dominion) requests 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 PORV 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) RTNDT. 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 gresent 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 probability 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

Page 1 of 2



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

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. S1ecial circumstances are present which necessitate the request for an exemption
to the regulations 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 III 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 level of knowledge about these topics has been greatly expanded.
This increased knowledge permits relaxation of the ASME IlIl 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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