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Attachment 1 

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 
REACTOR VESSEL MATERIAL SURVEILLANCE CAPSULE WITHDRAWAL SCHEDULE 

NORTH ANNA POWER STATION UNITS 1 AND2 

NRC Comment: 

By letter dated November 25, 2019, Dominion Energy Virginia, the licensee for the North 
Anna Power Station, Units 1 and 2 (NAPS 1 and 2), submitted a request to revise the 
surveillance capsule withdrawal schedules for both units. Among other things, the 
request would revise projected fluence values for the standby capsules beyond end of life 
and update the f/uence values for capsules removed to date. The NRG staff has reviewed 
the request and determined that additional information is required to complete its review, 
regarding the fluence values. 

Regulatory Basis 

The NRG staff review of the revised f/uence projections was performed in consideration 
of the requirements contained in the General Design Criteria (GDCs) located in Appendix 
A, "General Design Criteria for Nuclear Power Plants," of Part 50, "Domestic Licensing of 
Production and Utilization Facilities," to Title 10, "Energy" of the US Code of Federal 
Regulations (10 CFR 50). Specifically, GDCs 14, "Reactor Coolant Pressure Boundary," 
30, "Quality of Reactor Coolant Pressure Boundary," and 31, "Fracture Prevention of 
Reactor Coolant Pressure Boundary," apply. These GOG require the design, fabrication, 
and maintenance of the reactor coolant pressure boundary with adequate margin to 
assure that the probability of rapidly propagating failure of the boundary is minimized. In 
particular, GOG 31 explicitly requires consideration of the effects of irradiation on material 
properties. 

NRG Regulatory Guide 1. 190, "Calculational and Dosimetry Methods for Determining 
Pressure Vessel Neutron F/uence," provides guidance on methods for determining 
reactor pressure vessel fluence that are acceptable to the NRG staff, based on the 
requirements identified above (ML010890301). 

Request 

The request stated that revised f/uence values were generated and documented in 
WCAP-18105-NP, Revision 2, "Extended Beltline Pressure Vessel Fluence Evaluations 
Applicable to NAPS 1 & 2." Please provide this document, as well as any additional detail 
required to evaluate the acceptability of the fluence estimates in accordance with 
RG 1. 190. If the f/uence evaluations do not adhere to RG 1. 190, provide additional 
justification that the f/uence calculations address the requirement to consider the effects 
of irradiation on vessel material properties, consistent with the GDCs identified above. 
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Dominion Energy Response 

Serial No. 20-182 
Docket Nos. 50-338/339 

Attachment 1 

In response to the NRC request for additional information, a copy of WCAP-18015-NP, 
· Revision 2, "Extended Beltline Pressure Vessel Fluence Evaluations Applicable to North 
Anna 1 & 2," is provided in Attachment 2. The fluence calculations outlined in 
WCAP-18015-NP meet the requirements outlined in Regulatory Guide (RG) 1.190. The 
methodology used to perform the fluence calculations in WCAP-18015-NP is outlined in 
WCAP-14040-NP-A, Revision 4, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves," which was 
approved by the NRC on February 27, 2004 [ADAMS Accession No. ML050120209]. The 
methodology outlined in WCAP-14040-NP-A, Revision 4, fully meets RG 1.190. A copy 
of WCAP-14040-NP-A, Revision 4, is provided in Attachment 3 for your reference. The 
credibility analysis of the NAPS 1 and 2 surveillance capsule program is documented in 
Appendix E of WCAP-18363-NP, Revision 1, "North Anna Units 1 and 2 Heatup and 
Cooldown Limit Curves for Normal Operation." The credibility analysis uses updated 
fluence values. A copy of WCAP-18363-NP is provided in Attachment 4. 
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Record of Revisions 

Rev. Revision Description 

0 Original Issue 

1 In support of the North Anna Time Limited Aging Analysis (TLAA) on 
reactor vessel integrity for subsequent License Renewal project, fluence 
results at the surveillance capsules have been extracted, as well as additional 
vessel fluence projections. Additional formatting changes have been made. 

CAP IR-2018-8334 identified an error in the power level used for Unit 2 in 
several of the cycles in Revision O of this document; including the projection 
cycle. This error has been corrected in Revision 1. See Section 1.1 for more 
information. 

2 CAP IR-2018-15270 identified an inconsistency between Table 2-2 and 
Table 2-6 for the fluence reported at the pressure vessel cladding / base metal 
interface at the end-of-cycle 24. Table 2-6 has been updated to the correct 
value. No other changes have been made. 

Changes are indicated by change bars in the left margin. 
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1 INTRODUCTION 

In the assessment of the state of embrittlement of light water reactor (L WR) pressure vessels, an accurate 

evaluation of the neutron exposure of each of the materials comprising the beltline region of the vessel is 

required. In Section II F of 10 CFR 50 Appendix G [Ref. 2], the beltline region is defined as: 

"the region of the reactor vessel shell material (including welds, heat affected zones, and 

plates or forgings) that directly surrounds the effective height of the reactor core and 

adjacent regions of the reactor vessel that are predicted to experience sujjicient neutron 

radiation damage to be considered in the selection of the most limiting material with regard 

to radiation damage ". 

In Section III A of 10 CFR 50 Appendix H [Ref. 2], the lower limit of neutron exposure for consideration 

of radiation induced material damage is specified by a neutron fluence (E > 1.0 Me V) threshold of 

LOE+ 17 n/cm2
• Each of the materials that is anticipated to experience a neutron exposure that exceeds 

this fluence threshold must be considered in the overall embrittlement assessments for the pressure vessel. 

The existing fluence analysis of the North Anna Units 1 and 2 pressure vessels [Refs. 3 and 4] was limited 

to an axial range that extended approximately 1.5 foot above and 1 foot below the active fuel stack. This 

model did not include all the pressure vessel materials that could potentially exceed the LOE+ 17 n/cm2 

(E > LO MeV) fluence threshold defined in 10 CFR 50 Appendix H [Ref. 2]. The purpose of this extended 

beltline fluence evaluation is to define which materials in the North Anna Units 1 and 2 pressure vessels 

are projected to exceed the LOE+ 17 n/cm2 threshold neutron fluence before the End of License Extension 

(EOLE); and, to project the neutron fluence for each of these specific materials. This will help Dominion 

to fulfill its commitment with respect to the USNRC Request for Additional Information (RAI) 

Docket Nos.: 50-338/339 [Ref. 8] in determining whether the neutron fluence exposure (E > LO MeV) of 

the inlet and outlet nozzle materials would be greater than LOE+ 17 n/cm2
• 

In subsequent sections of this report, the methodologies used to perform neutron transport calculations are 

described in some detail and the results of the plant-specific transport calculations are given for each of 

the materials located in the traditional and extended beltline regions of the North Anna Units 1 and 2 

pressure vessels. 
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1.1 ERROR IN WCAP-18015-NP, REV. 0 

Corrective Action Program (CAP) Issue number IR-2018-8334 [Ref. 13] has identified an issue with the 
power level used for Unit 2 Cycles 21-23. Revision 0 of this document used a pre-uprate power level of 
2893 MWt for Unit 2 Cycles 21-23; however, a power uprate to 2940 MWt has been authorized at North 
Anna Unit 2 (ADAMS Accession Number ML092250616) and implemented prior to Cycle 21. 

This error has been corrected in Revision 1. The impact of this error was limited-the largest change in 
Table 2-3 is 1.3%, which occurs at the 72 effective-full-power-years (EFPY) projection for the "Inlet 
Nozzle Forging to Vessel Shell Welds - Lowest Extent: Nozzle 1 ". At 54 EFPY the error is bounded by 
1.0% which occurs at the"¼ T Flaw in Inlet Nozzle 2". 
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2 CALCULATED NEUTRON FLUENCE 

2.1 INTRODUCTION 

A discrete ordinates SN transport analysis was performed for the North Anna Units 1 and 2 reactors to 

determine the neutron radiation environment within the extended beltline of the reactor pressure vessel. In 

this analysis, radiation exposure parameters were established on a plant- and fuel-cycle-specific basis. 

All of the calculations described in this report were based on nuclear cross-section data derived from 

ENDF IB-VI. Furthermore, the neutron transport evaluation methodologies follow the guidance of 

Regulatory Guide 1.190 [Ref. 5]. Additionally, the methods used to develop the calculated pressure vessel 

fluence are consistent with the NRC-approved methodology described in WCAP-14040-A, Revision 4 

[Ref. 1]. 

Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron 

Fluence" [Ref. 5], describes state-of-the-art calculation and measurement procedures that are acceptable 

to the USNRC staff for determining pressure vessel fluence. Also included in Regulatory Guide 1.190 is a 

discussion of the steps required to qualify and validate the methodology used to determine the neutron 

exposure of the pressure vessel wall. One important step in the validation process is the comparison of 

plant-specific neutron calculations with available measurements. An evaluation of the dosimetry sensor 

sets from three surveillance capsules withdrawn from North Anna Unit 1 is provided in Reference 3; the 

evaluation for the three surveillance capsules withdrawn from North Anna Unit 2 is provided in Reference 

4. The dosimetry analyses documented in References 3 and 4 showed that the ±20% (lo") acceptance 

criteria specified in Regulatory Guide 1.190 [Ref. 5] is met. 

The results of the present extended beltline analysis are consistent with those of References 3 and 4. 

Therefore, the Regulatory Guide 1.190 acceptance criteria continue to be met. The validated calculations 

form the basis for providing future projections of the neutron exposure of the reactor pressure vessel. In 

line with References 3 and 4, projections up to 54 EFPY are provided in Section 2.2.4. Extended 

projections up to 72 EFPY are also provided. In addition, as per Dominion's request, projections 

corresponding to 80 years of life are provided based on 18-month cycles with an average outage time of 

25 days. This was determined to correspond to 70.7 EFPY for North Anna Unit 1 and to 71.9 for North 

Anna Unit 2. 
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2.2 DISCRETE ORDINATES ANALYSIS 

2.2.1 Method Discussion 

In performing the fast neutron exposure evaluations for the North Anna Units 1 and 2 reactor vessels, a 

series of fuel-cycle-specific forward transport calculations were carried out using the following three­

dimensional flux synthesis technique: 

cp(r, 8, z) = cp(r, 8) x cp(r, z) 
cp(r) 

where cp(r, 8, z) is the synthesized three-dimensional neutron flux distribution, cp(r, 8) is the transport 

solution in r,0 geometry, cp(r,z) is the two-dimensional solution for a cylindrical reactor model using the 

actual axial core power distribution, and cp(r) is the one-dimensional solution for a cylindrical reactor 

model using the same source per unit height as that used in the [r,0] two-dimensional calculation. This 
synthesis procedure was carried out for each operating cycle at North Anna Units 1 and 2. 

All of the transport calculations supporting this analysis were carried out using the DORT discrete 

ordinates code [Ref. 6] and the BUGLE-96 cross-section library [Ref. 7]. The BUGLE-96 library 

provides a 67-group coupled neutron-gamma ray cross-section data set produced specifically for light­

water reactor (LWR) applications. In these analyses, anisotropic scattering was treated with a P5 Legendre 

expansion and angular discretization was modeled with an S16 order of angular quadrature. Energy- and 

space-dependent core power distributions, as well as system operating temperatures, were treated on a 

fuel-cycle-specific basis. 

2.2.2 Reactor Geometry 

The analyses documented in References 3 and 4 formed the basis for the current extended beltline 

evaluation. In completing the current analysis, the [r,0] and [r] models from Reference 3 and 4 were 

retained as is while the [r,z] model was expanded to encompass all axial elevations that were anticipated 

to experience a neutron fluence greater than I.OE+ 17 n/cm2
• The [r,z] model was expanded by about 

4.5 feet in the +Z direction (relative to the core midplane) to encompass these axial elevations. 

For the North Anna Units 1 and 2 transport calculations, the [r,0] model depicted in Figure 2-1 was 

utilized because the reactor is octant symmetric. This [r,0] model includes the core, the reactor internals, 

the thermal shield - including explicit representations of the surveillance capsules at 15°, 25°, 35°, and 

45° - the pressure vessel cladding and vessel wall, the insulation external to the pressure vessel, and the 

water-filled shield tank. The symmetric [r,0] model was utilized to perform both the surveillance capsule 

dosimetry evaluations with subsequent comparisons with calculated results [Refs. 3 and 4], and to 

generate the maximum fluence levels at the pressure vessel wall. In developing this analytical model, 

nominal design dimensions were employed for the various structural components. Likewise, water 

temperatures, and hence, coolant densities in the reactor core, bypass and downcomer regions of the 
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reactor were taken to be representative of full-power operating conditions. The coolant densities were 

treated on a fuel-cycle-specific basis (see Section 2.2.3). The reactor core itself was treated as a 

homogeneous mixture of fuel, cladding, water, and miscellaneous core structures such as fuel assembly 

grids, guide tubes, etc. The geometric mesh description of the [r,8] reactor model consisted of 156 radial 

by 83 azimuthal intervals. Mesh sizes were chosen to assure that proper convergence of the inner 

iterations was achieved on a pointwise basis. The pointwise inner iteration flux convergence criterion 

utilized in the [ r, 8] calculations was set at a value of 0.001. 

The [r,z] model used for the North Anna Units 1 and 2 calculations is shown in Figure 2-2. The model 

extends radially from the centerline of the reactor core out to a location interior to the water filled shield 

tank and over an axial span from an elevation approximately 1 foot below to 4 feet above the active fuel. 

As in the case of the [r,8] models, nominal design dimensions and full-power coolant densities were 

employed in the calculations. In this case, the homogenous core region was treated as an equivalent 

cylinder with a volume equal to that of the active core zone. The stainless steel former plates located 

between the core baffle and core barrel regions were also explicitly included in the model. The [r,z] 

geometric mesh description of these reactor models consisted of 148 radial by 148 axial intervals. As in 

the case of the [r,0] calculations, mesh sizes were chosen to assure that proper convergence of the inner 

iterations was achieved on a pointwise basis. The pointwise inner iteration flux convergence criterion 

utilized in the [r,z] calculations was also set at a value of 0.001. 

The one-dimensional radial model used in the synthesis procedure consisted of the same 148 radial mesh 

intervals included in the [r,z] model. Thus, radial synthesis factors could be determined on a meshwise 

basis throughout the entire geometry. 
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2.2.3 Cycle-Specific Information 

Because the analyses presented in References 3 and 4 represent the basis for the current evaluation, most 

of the core design data and operating parameters were taken directly from those analyses. In particular, 

Reference 3 used Unit 1 cycle-specific core design information for Cycles 1 through 19, whereas 

Reference 4 used Unit 2 cycle-specific core design information for Cycles 1 through 18. Projections were 

used beyond that point. Since then, Cycles 20 through 24 were implemented at Unit 1 and Cycles 19 

through 23 at Unit 2. The cycle-specific core design data for these latter cycles were taken from 

Reference 9. 

The future projections were based on the assumption that the core power distribution and associated plant 

operating characteristics from the latest implemented cycle were representative of future plant operation. 

Therefore, for Unit 1, projections for Cycles 25 and beyond were based on Cycle 24 while for Unit 2, 

projections for Cycles 24 and beyond were based on Cycle 23. 

The data utilized for the core power distributions in plant-specific transport analyses included cycle­

dependent fuel assembly initial enrichments, bumups, and axial power distributions. This information was 

used to develop spatial- and energy-dependent core source distributions averaged over each individual 

fuel cycle for use in the [r,0], [r,z], and [r] discrete ordinates transport calculations. Therefore, the results 

from the neutron transport calculations provided data in terms of fuel cycle-averaged neutron flux, which 

when multiplied by the appropriate fuel cycle length, generated the incremental fast neutron exposure for 

each fuel cycle. The cycle length was taken from References 3 and 4 up until Unit 1 Cycle 20 and Unit 2 

Cycle 19. 

In constructing these core source distributions, the Westinghouse generic approach was used. In this 

approach, the source term originates from the fission of six nuclides: 235U, 238U, 239Pu, 240Pu, 241Pu and 
242Pu. Generic values are used including the fission spectra, fission sharing, energy released per fission 

and average number of neutrons per fission. The relative pin power distributions are taken from the 

Westinghouse Core Radiation Source Data (CRSD). 

Water densities in the core, bypass, and downcomer regions as well as in the upper and lower core plena 

regions were determined on a fuel cycle-specific basis consistent with the average temperature rise in the 

36 fuel assemblies located on the periphery of the reactor core. Because the neutron fluence at the 

pressure vessel is dominated by leakage from the peripheral fuel assemblies, the use of the peripheral 

water density in the analytical models is justified. The normal operating condition temperatures were 

taken from References 3 and 4 up until Unit 1 Cycle 19 and Unit 2 Cycle 18. Beyond that point, the data 

were taken from Reference 9. 
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2.2.4 Results 

In Table 2-1, locations of the North Anna Units 1 and 2 vessel welds and plates are provided. The axial 

position of each material is indexed to z = 0.0 cm, which corresponds to the mid-plane of the active fuel 

stack. 

Selected results from the neutron transport analyses are provided in Table 2-2 and Table 2-3 for Units 1 

and 2 respectively. Calculated fast neutron (E > 1.0 Me V) fluence for reactor vessel materials, on the 

pressure vessel clad/base metal interface, is provided for the nominal end of Cycle 24 for Unit 1 

(29.7 EFPY) and nominal end of Cycle 23 for Unit 2 (28.1 EFPY). In line with References 3 and 4, 

projections up to 54 EFPY are provided. Extended projections up to 72 EFPY are also provided. In 

addition, in Revision 0, as per Dominion's request, projections corresponding to 80 years of life are 

provided based on 18-month cycles with an average outage time of 25 days. North Anna Unit 1 will reach 

its SO-years EOLE on April 1, 2058, whereas Unit 2 will reach it on December 14, 2060. Assuming that 

Unit 1 Cycle 25 started on March 30, 2015 and that Unit 2 Cycle 24 started on October 10, 2014, it was 

determined that SO-years of life correspond to 70.7 EFPY for Unit 1 and 71.9 EFPY for Unit 2. In 

Revision 1, Dominion requested that 72 EFPY be used for the SO-years EOLE [Ref. 12]. 

Figure 2-3 and Figure 2-4 show the relevant weld locations. For the regions beyond the upper 

circumferential weld, Figure 2-3 shows the axial boundary of the I.OE+ 17 n/cm2 fluence threshold (at 

50.3 and 72 EFPY) as a function of azimuthal position (Z versus 0) for Unit 1, whereas Figure 2-4 shows 

the information ( at 52.3 and 72 EFPY) for Unit 2. It is noted that the nozzle materials located above the 

nozzle centerline remain below I .OE+ 17 n/cm2 through EOLE. Likewise, the lower shell to lower head 

circumferential weld remains out of the beltline region through EOLE. The data used to generate Figure 

2-3 and Figure 2-4 is tabulated in Appendix A and Appendix B, respectively. 

The capsule lead factors for the in-vessel surveillance capsules are provided in Table 2-4 and Table 2-5 

for Units 1 and 2, respectively. The fast neutron (E > 1.0 Me V) fluence at the clad/base-metal interface 

and for each position corresponding to the surveillance capsules is provided in Table 2-6 and Table 2-7 for 

North Anna Units 1 and 2, respectively. 

WCAP-18015-NP September 2018 
Revision 2 

*** This record was final approved on 9/11/2018 9:22:58 PM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 2-8 

Table 2-1 North Anna 1 & 2 - Pressure Vessel Material Locations 

Axial Azimuthal 
Material Location * Location 

[cm] [degrees] 

1/4 T Flaw in Outlet Nozzle 

Nozzle 1 276.54 25 

Nozzle 2 276.54 145 

Nozzle 3 276.54 265 

1/4 T Flaw in Inlet Nozzle 

Nozzle 1 268.31 95 

Nozzle 2 268.31 215 

Nozzle 3 268.31 335 

Outlet Nozzle Forging to Vessel 
Shell Welds - Lowest Extent 

Nozzle 1 264.82 25 

Nozzle 2 264.82 145 

Nozzle 3 264.82 265 

Inlet Nozzle Forging to Vessel Shell 
Welds - Lowest Extent 

Nozzle 1 254.52 95 

Nozzle 2 254.52 215 

Nozzle 3 254.52 335 

Nozzle Shell to Intermediate Shell 
217.42 to 219.42 0 to 360 Circumferential Weld 

Intermediate Shell -42.78 to 217.42 0 to 360 

Intermediate Shell to Lower Shell 
-44.78 to -42.78 0 to 360 

Circumferential Weld 

Lower Shell -307.78 to -44.78 0 to 360 

Lower Shell to Lower Vessel Head 
-307.78 0 to 360 

Circumferential Weld 

* Axial elevations are indexed to Z = 0.0 at the midplane of the active fuel stack. 
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Westinghouse Non-Proprietary Class 3 2-9 

Table 2-2 North Anna Unit 1- Maximum Fast Neutron (E > 1.0 MeV) Fluence Experienced by 
Pressure Vessel Materials in the Extended Beltline 

Material 
Neutron Fluence [n/cm2

] 

29.7 EFPY 50.3 EFPY 54EFPY 70.7 EFPY 72 EFPY<a> 

1/4 T Flaw in Outlet Nozzle 

Nozzle 1 1.35E+16 2.33E+16 2.50E+16 3.29E+16 3.35E+ 16 

Nozzle 2 9.74E+15 l.72E+ 16 1.86E+16 2.46E+ 16 2.51E+16 

Nozzle 3 3.62E+16 6.12E+ 16 6.57E+16 8.60E+16 8.75E+16 

1/4 T Flaw in Inlet Nozzle 

Nozzle l(b) 6.13E+16 1.04E+17 1.11E+17 1.46E+ 17 1.48E+17 

Nozzle 2 1.65E+16 2.92E+16 3.15E+ 16 4.17E+16 4.25E+16 

Nozzle 3 2.29E+16 3.94E+l6 4.24E+16 5.57E+16 5.68E+16 

Outlet Nozzle Forging to Vessel 
Shell Welds - Lowest Extent 

Nozzle 1 2.82E+16 4.84E+16 5.20E+16 6.84E+16 6.97E+16 

Nozzle 2 2.03E+16 3.59E+16 3.87E+16 5.12E+16 5.22E+16 

Nozzle 3(c) 7.53E+16 1.27E+17 1.37E+ 17 1.79E+ 17 1.82E+17 

Inlet Nozzle Forging to Vessel 
Shell Welds - Lowest Extent 

Nozzle 1<<l) 1.30E+l 7 2.19E+17 2.35E+l 7 3.07E+17 3.13E+17 

Nozzle 2 3.50E+16 6.l 7E+ 16 6.65E+16 8.81E+16 8.98E+16 

Nozzle 3(e) 4.85E+16 8.33E+16 8.95E+ 16 1.18E+17 1.20E+17 

Nozzle Shell 1.30E+18 2.15E+ 18 2.30E+18 2.99E+18 3.04E+18 

Nozzle Shell to Intermediate 
1.50E+18 2.48E+ 18 2.66E+18 3.45E+18 3.51E+ 18 

Shell Circumferential Weld 

Intermediate shell 3.11E+19 5.03E+19 5.39E+19 6.95E+19 7.07E+19 

Intermediate Shell to Lower 
3.09E+19 5.02E+19 5.36E+19 6.92E+19 7.04E+19 

Shell Circumferential Weld 

Lower Shell 3.16E+19 5.13E+19 5.48E+19 7.07E+l9 7.20E+19 

Lower Shell to Lower Vessel 
< 1E+17 < 1E+17 < 1E+17 < 1E+l7 < 1E+17 

Head Circumferential Weld 

(a) Corresponds to 80 years oflife 

(b) 1/4 T Flaw in Inlet Nozzle Inlet 1 is projected to reach l.0E+ 17 n/cm2 at approximately 48.5 EFPY; which corresponds 
to December 26, 2034Cf)_ 

(c) Outlet Nozzle 3 is projected to reach l.0E+ 17 n/cm2 at approximately 39.5 EFPY; which corresponds to June 6, 2025<f). 

(d) Inlet Nozzle 1 reached l.0E+ 17 n/cm2 at approximately 22.4 EFPY, which occurred during Cycle 19. 

(e) Inlet Nozzle 3 is projected to reach l.0E+ 17 n/cm2 at approximately 60.3 EFPY; which corresponds to May 1, 204JCf). 

(f) Note these dates are crude approximations based on an 18 month cycle an average outage time of25 days. 
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Westinghouse Non-Proprietary Class 3 2-10 

Table 2-3 North Anna Unit 2 - Maximum Fast Neutron (E > 1.0 MeV) Fluence Experienced by 
Pressure Vessel Materials in the Extended Beltline 

Material 
Neutron Fluence [n/cm2

] 

28.1 EFPY 52.3 EFPY 54EFPY 71.9 EFPY 72 EFPY(a) 

1/4 T Flaw in Outlet Nozzle(h) 

Nozzle 1 1.28E+16 2.39E+16 2.47E+ 16 3.29E+16 3.30E+16 

Nozzle 2 9.18E+15 1.68E+16 1.73E+16 2.30E+16 2.30E+16 

Nozzle 3 3.36E+16 6.33E+ 16 6.54E+16 8.73E+16 8.75E+16 

1/4 T Flaw in Inlet Nozzle(g) 

Nozzle 1<b) 5.69E+16 1.07E+17 1.1 IE+ 17 1.48E+17 1.48E+17 

Nozzle 2 1.56E+16 2.85E+16 2.94E+16 3.89E+16 3.90E+l6 

Nozzle 3 2.17E+16 4.05E+16 4.19E+16 5.58E+ 16 5.59E+16 

Outlet Nozzle Forging to Vessel 
Shell Welds - Lowest Extent<g) 

Nozzle 1 2.67E+16 4.98E+16 5.14E+16 6.86E+16 6.87E+16 

Nozzle 2 1.91E+16 3.50E+16 3.61E+16 4.79E+16 4.79E+16 

Nozzle 3(c) 6.99E+16 1.32E+ 17 1.36E+ 17 1.82E+l 7 1.82E+17 

Inlet Nozzle Forging to Vessel 
Shell Welds - Lowest Extent<g) 

Nozzle 1<<l) 1.21E+17 2.27E+17 2.35E+l 7 3.13E+17 3.14E+ 17 

Nozzle 2 3.29E+16 6.03E+16 6.22E+16 8.24E+16 8.26E+16 

Nozzle 3<e> 4.60E+16 8.58E+ 16 8.86E+16 1.18E+17 1.18E+l 7 

Nozzle Shell<g> 1.20E+l8 2.23E+18 2.30E+18 3.07E+18 3.07E+18 

Nozzle Shell to Intermediate 
1.38E+l8 2.58E+ 18 2.66E+18 3.55E+ 18 3.55E+18 Shell Circumferential W eld(g) 

Intermediate Shell(g) 2.87E+19 5.25E+19 5.42E+ 19 7.19E+ 19 7.20E+19 

Intermediate Shell to Lower 
2.86E+19 5.24E+19 5.41E+19 7.17E+19 7.18E+ 19 Shell Circumferential W eld(g) 

Lower Shell(g) 2.92E+19 5.36E+19 5.53E+19 7.33E+19 7.34E+19 

Lower Shell to Lower Vessel 
< 1.00E+17 < 1.00E+17 < 1.00E+17 < 1.00E+17 < 1.00E+17 

Head Circumferential Weld 

( a) Corresponds to 80 years of life 

(b) 1/4 T Flaw in Inlet Nozzle Inlet 1 is projected to reach I.OE+ 17 n/cm2 at approximately 48.8 EFPY; which corresponds to 
May 27, 2036(f,h)_ 

(c) Outlet Nozzle 3 is projected to reach LOE+ 17 n/cm2 at approximately 39.8 EFPY(h); which corresponds to 
February 4, 2027<£)_ 

(d) Inlet Nozzle 1 reached L0E+17 n/cm2 at approximately 23.1 EFPY(h>, which occurred during Cycle 20. 

( e) Inlet Nozzle 3 is projected to reach LOE+ 17 n/cm2 at approximately 60.9 EFPY(h); which corresponds to 
February 12, 2049(£)_ 

(f) Note these dates are crude approximations based on an 18 month cycle an average outage time of 25 days. 

(g) Several values have changed in Rev. 1 due to the use of the pre-uprate power for the projection cycles in Rev. 0. 
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Figure 2-3 North Anna Unit 1-Axial Boundary of the 1.0E+17 n/cm2 Fluence Threshold 
in the +Z Direction (at 50.3 and 72 EFPY) 
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Westinghouse Non-Proprietary Class 3 

Table 2-4 Surveillance Capsule Lead Factors for North Anna Unit 1 

Capsules 

Cumulative (position in first octant) 

Time V u w z T y 

Cycle [EFPY] (150) (25°) (25°) (35°/15°)* (35°/25°)* (25°) 

1 1.1 1.61 1.05 1.05 0.72 0.72 1.05 

2 1.9 --- 1.04 1.04 0.70 0.70 1.04 

3 2.9 --- 1.05 1.05 0.70 0.70 1.05 

4 3.8 --- 1.01 1.01 0.67 0.67 1.01 

5 4.8 --- 1.02 1.02 0.68 0.68 1.02 

6 5.9 --- 1.04 1.04 0.69 0.69 1.04 

7 7.1 --- --- 1.07 0.72 0.72 1.07 

8 8.4 --- --- 1.10 0.74 0.74 1.10 

9 9.8 - --- --- 1.11 0.75 0.75 1.11 

IO 11.1 --- --- 1.13 0.76 0.76 1.13 

11 12.4 --- --- 1.14 0.78 0.78 1.14 

12 13.5 --- --- 1.15 0.78 0.78 1.15 

13 14.8 --- --- 1.16 0.79 0.79 1.16 

14 16.2 --- --- --- 0.80 0.80 1.17 

15 17.5 --- --- --- 0.87 0.84 1.19 

16 18.9 --- --- --- 0.93 0.87 1.20 

17 20.2 --- --- --- 0.98 0.90 1.21 

18 21.6 --- --- --- 1.03 0.92 1.22 

19 23.0 --- --- --- 1.07 0.94 1.22 

20 24.4 --- --- --- 1.11 0.96 1.23 

21 25.8 --- --- --- 1.15 0.98 1.24 

22 26.9 --- --- --- 1.17 1.00 1.24 

23 28.3 --- --- --- 1.19 1.00 1.24 

24 29.7 --- --- --- 1.22 1.02 1.24 

Projected 50.3 --- --- --- 1.44 1.13 1.26 

Projected 51.6 --- --- --- 1.44 1.13 1.26 

Projected 54.0 --- --- --- 1.46 1.14 1.27 

Projected 70.7 --- --- --- 1.53 1.17 1.27 

Projected 72.0 --- --- --- 1.54 1.18 1.27 

* Capsules Zand T were moved from the 35° equivalent positions at end-of-cycle 14 [Ref. 10]. 

• Capsule Z moved from 305° to 165° (first octant equivalent: 35° to 15°) 

• Capsule T moved from 55° to 245° (first octant equivalent: 35° to 25°) 

WCAP-18015-NP 

2-13 

s X 
(45°) (150) 

0.56 1.61 

0.54 1.61 

0.54 1.60 

0.51 1.59 

0.53 1.59 

0.54 1.61 

0.56 1.63 

0.57 1.65 

0.58 1.66 

0.60 1.68 

0.61 1.68 

0.61 1.69 

0.62 1.70 

0.63 1.71 

0.63 1.72 

0.64 1.73 

0.65 1.74 

0.66 1.75 

0.66 1.75 

0.66 1.76 

0.67 1.76 

0.68 1.77 

0.68 1.76 

0.68 1.77 

0.73 1.78 

0.73 1.78 

0.73 1.78 

0.75 1.78 

0.75 1.78 
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Westinghouse Non-Proprietary Class 3 

Table 2-5 Surveillance Capsule Lead Factors for North Anna Unit 2 

Capsules 

Cumulative (position in first octant) 

Time V u w Z* T* y 
Cycle [EFPY] (15°) (25°) (25°) (35°/15°) (35°/25°) (25°) 

1 1.0 1.61 1.05 1.05 0.72 0.72 1.05 

2 1.6 --- 1.04 1.04 0.71 0.71 1.04 

3 2.7 --- 1.16 1.16 0.79 0.79 1.16 

4 3.8 --- 1.15 1.15 0.79 0.79 1.15 

5 5.0 --- 1.16 1.16 0.80 0.80 1.16 

6 6.2 --- 1.17 1.17 0.81 0.81 1.17 

7 7.5 --- --- 1.17 0.81 0.81 1.17 

8 8.7 --- --- 1.18 0.82 0.82 1.18 

9 9.9 --- --- 1.19 0.83 0.83 1.19 

10 11.3 --- --- 1.20 0.84 0.84 1.20 

11 12.5 --- --- 1.20 0.84 0.84 1.20 

12 13.8 --- --- 1.20 0.84 0.84 1.20 

13 15.1 --- --- 1.21 0.85 0.85 1.21 

14 16.5 --- --- --- 0.92 0.88 1.22 

15 17.7 --- --- --- 0.97 0.91 1.23 

16 19.0 --- --- --- 1.14 0.93 1.24 

17 20.3 --- --- --- 1.18 0.96 1.25 

18 21.6 --- --- --- 1.22 0.99 1.26 

19 22.9 --- --- --- 1.25 1.01 1.27 

20 24.3 --- --- --- 1.28 1.02 1.27 

21 25.5 --- --- --- 1.31 1.04 1.27 

22 26.8 --- --- --- 1.33 1.05 1.28 

23 28.1 --- --- --- 1.35 1.06 1.28 

Projected 52.3 --- --- --- 1.58 1.15 1.27 

Projected 54.0 --- --- --- 1.58 1.16 1.27 

Projected 71.9 --- --- --- 1.65 1.19 1.27 

Projected 72.0 --- --- --- 1.65 1.19 1.27 

* Capsules Z and T were moved from the 35° equivalent positions at end-of-cycle 13 [Ref. 1 O]. 

• Capsule Z moved from 305° to 165° (first octant equivalent: 35° to 15°) 

• Capsule T moved from 55° to 65° (first octant equivalent: 35° to 25°) 
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s X 
(45°) (15°) 

0.56 1.61 

0.55 1.60 

0.62 1.66 

0.63 1.66 

0.63 1.68 

0.63 1.69 

0.64 1.70 

0.64 1.71 

0.65 1.71 

0.67 1.72 

0.67 1.73 

0.66 1.73 

0.67 1.74 

0.67 1.75 

0.68 1.76 

0.68 1.77 

0.68 1.77 

0.68 1.78 

0.69 1.79 

0.69 1.79 

0.69 1.79 

0.70 1.80 

0.69 1.80 

0.67 1.82 

0.67 1.82 

0.66 1.82 

0.66 1.82 
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Westinghouse Non-Proprietary Class 3 2-15 

Table 2-6 Calculated Neutron Fluence (E > 1.0 MeV) [n/cm2
] at the Surveillance Capsule Center 

and Maximum at the Pressure Vessel Clad/Base Metal interface for North Anna Unit 1 

Cumulative 
Time 

Cycle [EFPY] 15° 25° 

1 1.1 3.06E+ 18(a) 2.0IE+l8 

2 1.9 5.45E+18 3.54E+18 

3 2.9 7.65E+18 5.0IE+ 18 

4 3.8 1.00E+19 6.39E+l8 

5 4.8 1.18E+19 7.59E+18 

6 5.9 1.40E+19 9.14E+18(b) 

7 7.1 1.64E+19 1.08E+19 

8 8.4 1.89E+19 l.25E+l9 

9 9.8 2.14E+19 1.42E+19 

10 11.1 2.37E+19 1.59E+19 

11 12.4 2.59E+19 1.75E+l9 

12 13.5 2.79E+19 1.90E+l9 

13 14.8 3.02E+19 2.05E+19<c) 

14 16.2 3.26E+19 2.23E+l9 

15 17.5 3.50E+19 2.41E+ 19 

16 18.9 3.74E+19 2.58E+19 

17 20.2 3.98E+19 2.76E+19 

18 21.6 4.22E+19 2.94E+19 

19 23.0 4.47E+19 3.11E+l9 

20 24.4 4.71E+19 3.29E+19 

21 25.8 4.95E+19 3.47E+19 

22 26.9 5.13E+19 3.60E+19 

23 28.3 5.36E+19 3.75E+19 

24 29.7 5.59E+19 3.92E+19 

Projected 50.3 9.11E+19 6.48E+19 

Projected 54.0 9.74E+19 6.94E+19 

Projected 70.7 1.26E+20 9.0IE+19 

Projected 72.0 1.28E+20 9.17E+l9 

(a) Capsule V was withdrawn at the end-of-cycle 1. 

(b) Capsule U was withdrawn at the end-of-cycle 6. 

(c) Capsule W was withdrawn at the end-of-cycle 13. 

(d) Capsule Z was moved at the end-of-cycle 14. 

( e) Capsule T was moved at the end-of-cycle 14. 

WCAP-18015-NP 

Surveillance Capsules 

35° 45° 

1.37E+18 1.07E+18 

2.38E+ 18 1.84E+ 18 

3.34E+18 2.58E+18 

4.20E+18 3.24E+18 

5.03E+ 18 3.91E+l8 

6.06E+18 4.70E+18 

7.19E+18 5.58E+ 18 

8.41E+18 6.54E+18 

9.59E+18 7.46E+18 

1.08E+19 8.40E+18 

1.19E+19 9.33E+ 18 

1.29E+ 19 1.0IE+19 

1.40E+19 1.09E+19 

1.52E+19 1.19E+19 

1.65E+ 19 1.29E+ 19 

1.77E+ 19 1.38E+19 

1.89E+19 1.48E+19 

2.02E+19 1.58E+19 

2.14E+ 19 1.68E+19 

2.27E+19 1.78E+19 

2.39E+19 1.88E+19 

2.49E+ 19 1.96E+19 

2.60E+19 2.05E+19 

2.73E+19 2.16E+ 19 

4.64E+19 3.74E+19 

4.98E+19 4.03E+19 

6.53E+19 5.31E+19 

6.65E+19 5.41E+19 

35°/15o(d) 

1.37E+ 18 

2.38E+18 

3.34E+18 

4.20E+18 

5.03E+ 18 

6.06E+18 

7.19E+18 

8.41E+18 

9.59E+18 

1.08E+19 

1.19E+19 

1.29E+19 

1.40E+ 19 

1.52E+19 

1.76E+19 

2.0IE+19 

2.24E+19 

2.49E+19 

2.73E+19 

2.98E+19 

3.21E+19 

3.39E+19 

3.62E+19 

3.86E+19 

7.37E+19 

8.00E+19 

1.08E+20 

1.l IE+20 

Pressure 
Vessel 

Clad/Base 
Metal 

35°/25°(e) Interface 

1.37E+18 1.90E+18 

2.38E+18 3.39E+ 18 

3.34E+18 4.78E+l8 

4.20E+18 6.31E+ 18 

5.03E+18 7.42E+ 18 

6.06E+18 8.75E+ 18 

7.19E+18 1.0IE+19 

8.41E+18 1.14E+19 

9.59E+18 1.29E+ 19 

1.08E+l9 1.41E+19 

1.19E+ 19 1.54E+ 19 

1.29E+ 19 1.65E+ 19 

1.40E+19 1.77E+19 

1.52E+ 19 1.90E+l9 

1.70E+19 2.03E+19 

1.88E+19 2.16E+19 

2.05E+19 2.28E+19 

2.23E+19 2.41E+ 19 

2.41E+ 19 2.55E+19 

2.58E+19 2.68E+19 

2.76E+ 19 2.81E+19 

2.89E+19 2.90E+19 

3.04E+19 3.03E+19 

3.22E+19 3.16E+l9 

5.77E+19 5.13E+l9 

6.23E+19 5.48E+19 

8.30E+19 7.07E+19 

8.46E+ 19 7.20E+l9 
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Table 2-7 Calculated Neutron Fluence (E > 1.0 MeV) [n/cm2
] at the Surveillance Capsule Center 

and Maximum at the Pressure Vessel Clad/Base Metal interface for North Anna Unit 2 

Cumulative 
Time 

Cycle [EFPY] 15° 25° 

1 1.0 2.86E+ 18(a) l.87E+l8 

2 1.6 4.68E+l8 3.05E+l8 

3 2.7 6.99E+ 18 4.86E+l8 

4 3.8 9.44E+ 18 6.53E+ 18 

5 5.0 l.19E+l9 8.20E+l8 

6 6.2 l.42E+ 19 9.85E+ 18(b) 

7 7.5 l.65E+19 l.14E+ 19 

8 8.7 l.87E+ 19 l.30E+l9 

9 9.9 2.09E+l9 l.45E+l9 

10 11.3 2.30E+l9 l.60E+l9 

11 12.5 2.52E+l9 l.75E+l9 

12 13.8 2.75E+l9 l.91E+l9 

13 15.1 2.99E+l9 2.08E+ 19<c) 

14 16.5 3.22E+l9 2.25E+l9 

15 17.7 3.44E+ 19 2.41E+ 19 

16 19.0 3.65E+l9 2.56E+l9 

17 20.3 3.90E+l9 2.75E+l9 

18 21.6 4.15E+ 19 2.93E+l9 

19 22.9 4.37E+l9 3.09E+l9 

20 24.3 4.59E+l9 3.25E+l9 

21 25.5 4.80E+l9 3.41E+l9 

22 26.8 5.03E+l9 3.57E+l9 

23 28.1 5.26E+l9 3.73E+l9 

Projected 52.3 9.75E+l9 6.82E+l9 

Projected 54.0 l.01E+20 7.04E+l9 

Projected 71.9 l.34E+20 9.32E+l9 

Projected 72.0 l.34E+20 9.33E+l9 

(a) Capsule V was withdrawn at the end-of-cycle 1. 

(b) Capsule U was withdrawn at the end-of-cycle 6. 

(c) Capsule W was withdrawn at the end-of-cycle 13. 

(d) Capsule Z was moved at the end-of-cycle 13. 

(e) Capsule Twas moved at the end-of-cycle 13. 

WCAP-18015-NP 

Surveillance Capsules 

35° 45° 35°/15o(d) 

l.27E+l8 9.96E+l7 l.27E+l8 

2.06E+l8 l.61E+l8 2.06E+l8 

3.34E+l8 2.62E+l8 3.34E+ 18 

4.51E+l8 3.57E+l8 4.51E+l8 

5.68E+ 18 4.48E+ 18 5.68E+ 18 

6.80E+ 18 5.35E+l8 6.80E+l8 

7.88E+ 18 6.21E+l8 7.88E+l8 

8.97E+l8 7.06E+l8 8.97E+l8 

l.01E+l9 8.00E+l8 l.01E+l9 

l.12E+l9 8.91E+ 18 l.12E+l9 

1.23E+l9 9.71E+l8 l.23E+ 19 

l.33E+l9 l.06E+l9 l.33E+l9 

l.45E+ 19 1.15E+l9 l.45E+l9 

l.57E+l9 l.24E+ 19 l.68E+l9 

l.68E+l9 l.32E+l9 l.91E+l9 

l.78E+l9 l.41E+l9 2.35E+l9 

l.91E+ 19 l.50E+l9 2.60E+l9 

2.03E+l9 l.59E+l9 2.85E+l9 

2.14E+l9 l.68E+l9 3.06E+l9 

2.26E+l9 l.77E+l9 3.29E+l9 

2.36E+l9 l.86E+l9 3.50E+l9 

2.48E+l9 l.95E+l9 3.72E+l9 

259E+l9 2.03E+l9 3.96E+l9 

4.63E+l9 3.59E+l9 8.44E+l9 

4.78E+l9 3.70E+l9 8.76E+l9 

6.29E+l9 4.85E+l9 l.21E+20 

6.30E+ 19 4.85E+l9 l.21E+20 

Pressure 
Vessel 

Clad/Base 
Metal 

35°/25°(e) Interface 

l.27E+l8 l.78E+ 18 

2.06E+l8 2.92E+l8 

3.34E+ 18 4.20E+l8 

4.51E+l8 5.68E+ 18 

5.68E+ 18 7.07E+l8 

6.80E+l8 8.43E+l8 

7.88E+ 18 9.71E+l8 

8.97E+l8 l.l0E+ 19 

l.01E+l9 l.22E+l9 

l.12E+ 19 l.34E+l9 

l.23E+l9 l.46E+ 19 

l.33E+l9 l.59E+l9 

l.45E+l9 l.71E+l9 

l.62E+l9 l.84E+ 19 

l.78E+l9 l.96E+l9 

l.93E+l9 2.07E+l9 

2.12E+ 19 2.20E+l9 

2.30E+l9 2.33E+l9 

2.46E+ 19 2.44E+ 19 

2.62E+l9 2.56E+l9 

2.78E+l9 2.67E+l9 

2.94E+l9 2.80E+l9 

3.10E+l9 2.92E+l9 

6.19E+l9 5.36E+l9 

6.41E+l9 5.53E+l9 

8.69E+l9 7.33E+l9 

8.70E+l9 7.34E+l9 
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2.2.5 Recommendations 

Table 2-2 and Table 2-3 report the maximum fast neutron (E > 1.0 MeV) fluence at specific pressure 
vessel materials in the extended beltline for North Anna I & 2, respectively. The nozzle shell, nozzle shell 
to intermediate shell circumferential weld, intermediate shell to lower shell circumferential weld, and the 
lower shell to lower vessel head circumferential weld have a single set of neutron fluence values for each 
unit. These neutron fluence values would be appropriate for use for P-T limit analyses for these materials. 
Regarding the inlet and outlet nozzles, two separate fast neutron fluence values are given at two locations 
for each nozzle. One location represents the lowest extent of the nozzle forging to vessel shell welds, 
whereas the second location conservatively represents the 1/4 T flaw in the nozzles. Although the fluence 
results at the nozzle forging to vessel shell welds are more limiting, the l/4T flaw location is more 
representative of the fluence for the nozzle at the peak stress location. Therefore, fluence at either location 
(lowest extent of the nozzle forging to vessel shell welds or at the 1/4T flaw) can be used for the P-T limit 
analyses for the inlet and outlet nozzles for each unit. 

A full three-dimensional discrete ordinates model provides a more geometrically detailed analysis. This 
more detailed representation can be utilized as a next step for further analysis of the maximum fast 

neutron fluence analyses for each unit if needed. 
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APPENDIX A 
DATA USED IN THE GENERATION OF FIGURE 2-3 

The table below contains the data used to plot Figure 2-3. All values in this table are Z elevations (in centimeters) indexed by the angle (in 
degrees). 

• "Weld Cl" is the Nozzle Shell to Intermediate Shell Circumferential Weld. 

• "Weld C2" is the Intermediate Shell to Lower Shell Circumferential Weld. 

• "Weld C3" is the Lower Shell to Lower vessel Head Circumferential Weld. 

• "Outlet" is the Outlet Nozzle Forging to Vessel Shell Welds-Lowest Extent. 

• "Inlet" is the Inlet Nozzle Forging to Vessel Shell Welds-Lowest Extent. 

• "1/4 Outlet" is the Outlet Nozzle¼ T Flaw. 

• "1/4 Inlet" is the Inlet Nozzle ¼ T Flaw. 

The threshold elevations were obtained by linearly interpolating the synthesis output. 

lEl 7 n/cm2 Fluence 
Threshold, Z (cm) 

Angle 50.3 EFPY 72 EFPY 

WCAP-18015-NP 
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lEl 7 n/cm2 Fluence Top Of Core Bottom Nozzle Weld Weld Weld 
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APPENDIXB 
DATA USED IN THE GENERATION OF FIGURE 2-4 

The table below contains the data used to plot Figure 2-4. All values in this table are Z elevations (in centimeters) indexed by the angle (in 
degrees). 

• "Weld Cl" is the Nozzle Shell to Intermediate Shell Circumferential Weld. 

• "Weld C2" is the Intermediate Shell to Lower Shell Circumferential Weld. 

• "Weld C3" is the Lower Shell to Lower vessel Head Circumferential Weld. 

• "Outlet" is the Outlet Nozzle Forging to Vessel Shell Welds-Lowest Extent. 

• "Inlet" is the Inlet Nozzle Forging to Vessel Shell Welds-Lowest Extent. 

• "1/4 Outlet" is the Outlet Nozzle¼ T Flaw. 

• "1/4 Inlet" is the Inlet Nozzle ¼ T Flaw. 

The threshold elevations were obtained by linearly interpolating the synthesis output. 

lEl 7 n/cm2 Fluence 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

February 2_7, 2004 

Mr. Gordon Bischoff, Manager ;:-, · 
Owners Group Program Manageffient Office 
Westinghouse Electric Company 
P.O. Box355 
Pittsburgh, PA 15230-0355 

RECEIVED 

HAR 05 2004 

SUBJECT: FINAL SAFETY EVALUATION FOR TOPICAL ~PORT WCAP-14040, 
REVISION 3, "METHODOLOGY USED TO DEVELOP COLD OVERPRESSURE 
MITIGATING SYSTEM SElPOINTS AND RCS HEA TUP AND COOLDOWN 
LIMIT CURVES" (TAC NO. MB5754) 

Dear Mr. Bischoff: 

On May 23, 2002, the Westinghouse Owners Group (WOG) submitted Topical Report (TR) 
WCAP-14040, Revision 3, "Methodology Used to Develop Cold Overpressure Mitigating 
System Setpoints and RCS Heatup and Cooldown Limit Curves,'' to the staff for review. On 
February 2, 2004, an NRC draft safety evaluation (SE) regarding our approval of WCAP-14040, 
Revision 3, was provided for your review and comments. By letter dated February 18, 2004, 
the WOG commented on the draft SE by indicating that the actual provision number of GL 
96-03 should be provided in Sections 3.0 and 4.0 of the SE. In addition, minor editorial· 
comments were provided by the WOG. The staff has incorporated the WOG's suggested 
comments into the final SE enclosed with this letter. 

The §>t~ff hc3s fou_nd that VVCAP-14040, Revision 3, is acceptable for referencing in licensing 
applications for Westinghouse~des1gned pressurized water readers to the extent specified and 

· · - - · -unaeflnernmitations· deli heated iri' ttie report and in lhe endosed SE. The SE· defines the basis· 
for acceptance of the report. 

Our acceptance applies only to material provided in the subject TR. We do not intend to repeat 
our review of the acceptable material described in the TR. When the TR appears as a 
reference in license applications, our review will ensure that the material presented applies to 

· -- -· the specific-plant involved. -License amendment requests that deviate- from this TR will be 
subject to a plant-specific review in accordance with applicable review standards. 

In accordance with the guidance provided on the NRC website, we request that the WOG 
publish an accepted version of this TR within three months of receipt of this letter. The 
accepted version shall incorporate this letter and the enclosed SE between the title page and 
the abstract. It must be well indexed such that information is readily located. Also, it must 
contain in appendices historical review information, such as questions and accepted responses, 
draft SE comments, and original report pages that were replaced. The accepted version shall 
include a "-A" (designating accepted) following the report identification symbol. 
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If the NRC's criteria or regulations change so that its conclusions in this Jetter, that the TR is 
acceptable, is invalidated, the WOG and/or the licensees referencing the TR will be expected to 
revise and resubmit its respective documentation, or submit justification for the continued 
applicability of the TR without revision of the respective documentation. 

Sincerely, 

~B~i:::-~/ 
Project No. 694 

Enclosure: Safety Evaluation 

cc w/encl: 
Mr. James A. Gresham, Manager 
Regulatory Compliance and Plant Licensing 
Westinghouse Electric Company 
P.O. Box 355 
Pittsburgh, PA 15230-0355 

Project Directorate IV 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

WCAP-14040, REVISION 3. "METHODOLOGY USED TO DEVELOP COLD 

OVERPRESSURE MITIGATING SYSTEM SETPOINTS AND REACTOR COOLANT 

SYSTEM HEA TUP AND COOLDOWN LIMIT CURVES" 

WESTINGHOUSE OWNERS GROUP 

PROJECt NO. 694 

1.0 INTRODUCTION 

By letter dated May 23, 2002, the Westinghouse Owners Group (WOG) submitted Topical 
Report (TR) WCAP-14040, Revision 3, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves," for NRC staff 
review and approval. This TR was developed to define a methodology for reactor pressure 
vessel (RPV) pressure-temperature (P-n limit curve development and, consistent with the 
guidance provided in NRC Generic Letter (GL) 96-03, "Relocation of the Pressure Temperature 
Limit Curves and Low Temperature Overpressure Protection System Limits," for the 
development of plant-specific Pressure-Temperature Limit Reports (PTLRs). A prior revision, 
WCAP-14040, Revision 2, had been approved as a PTLR methodology by the NRC staff's 
safety evaluation dated October 16, 1995. WCAP-14040, Revision 3, was submitted for NRC 
staff approval to reflect recent changes in the WOG methodology. Given the scope of the 
changes incorporated in WCAP-14040, Revision 3, and a significant amount of rewriting which 

----was done to improve clarity ofsome_sections, the NRC staff rnvi~w~d thE;l. TR.in its, enti_r_ety_, __ 
Based on questions posed by the NRC staff necessitating clarification of statements or editorial 
changes, the WOG revised WCAP-14040, Revision 3, and submitted revisions to the TR for 
NRC staff review and approval by letter dated October 20, 2003. 

On February 2, 2004, an NRC draft safety evaluation (SE) regarding our approval of 
WCAP-14040, Revision 3, was provided for your review and comments. By letter dated 
February -18, 2004,-the WOG commented on the-draft SE by indicating that the actual provision 
number of GL 96-03 should be provided in Sections 3.0 and 4.0 of the SE. In addition, minor 
editorial comments were provided by the WOG. The staff has incorporated the WOG's 
comments. 

2.0 REGULATORY EVALUATION 

Four specific topics are addressed in the context of the development of a PTLR methodology: 
(1) the calculation of neutron fluences for the RPV and RPV surveillance capsules; (2) the 
evaluation of RPV material properties due to changes caused by neutron radiation; (3) the 
development of appropriate P-T limit curves based on these RPV material properties and the 
establishment of cold overpressure mitigating system (COMS) setpoints to protect the RPV 
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from brittle failure; arid (4) the development of an RPV material surveillance program to monitor 
changes in RPV material properties due to radiation. Regulatory requirements related to the 
four topics noted above are addressed in Appendices G and H to Title 10 of the Code of 
Federal Regulations Part 50 (10 CFR Part 50). Appendix G to 10 CFR Part 50 provides 
requirements related to RPV P-T limit development and directly or indirectly addresses topics 
(1) through (3) above. Appendix H to 10 CFR Part 50 defines regulatory requirements related 
to RPV material surveillance programs and addresses topic (4) above. 

For the staff's review of WCAP-14040, Revision 3, several additional guidance documents were 
used. NRC Standard Review Plan (SRP) Sections 5.2.2, "Overpressure Protection,n 5.3.1, 
"Reactor Vessel Materials," and 5.3.2, "Pressure-Temperature Limits," provide specific review 
guidance related to RPV material property determination, P-T limit development, and COMS 
performance. Regulatory Guide (RG) 1.99, Revision 2, "Radiation Embrittlement of Reactor 
Vessel Materials," describes analysis procedures acceptable to the NRG staff for the purpose of 
assessing RPV material property changes due to radiation. RG 1.190, "Calculational and 
Dosimetry Methods for Determining Pressure Vessel Neutron Fluence," addresses NRC staff 
expectations for an acceptable fluence calculation methodology. American Society for Testing 
and Materials (ASTM) Standard Practice E 185, "Standard Practice for Conducting Surveillance 
Tests for Light-Water Cooled Nuclear Power Reactor Vessels," provides guidance on the 
establishment of RPV mat~rial surveillance programs and editions of ASTM E 185 are 
incorporated by reference into Appendix H to 10 CFR Part 50. American Society of Mechanical 
Engineers (ASME) Boiler and Pressure Vessel Code Section XI, Appendix G provides specific 
requirements regarding the development of P-T limit curves. 

Finally, specific guidance regarding topics and the level of detail to which they must be 
addressed as part of an acceptable PTLR methodology is given in GL 96-03. 

3.0 TECHNICAL EVALUATION 

The technical requirements to be addressed in an acceptable PTLR methodology are provided 
unperJh~ GQlpmn.heading "Mininium RE!quir~ments to be Included.in.Methodology" in the table 
entitled "Requirements for Methodology and PTLR11 in Attachment 1 to GL 96-03. Summarized 
versions anne--s-even requirerr,eiits are giveri~t5elow, alon~f with the staff's-technical evatualion 
of information in WCAP-14040, Revision 3, related to each requirement. · 

Requirement 1: Regarding the reactor vessel material surveillance program, the 
methodology should briefly describe the surveillance program. The 
methodology should clearly reference the requirements of Appendix H to 

· 10 GFRPart 50.-· - · 

The provisions of the methodology described in WCAP-14040, Revision 3, do not specify how 
the plant-specific RPV surveillance programs should be maintained in order to be in compliance 
with Appendix H to 10 CFR Part 50. Licensees who wish to use WCAP-14040, Revision 3, as 
their PTLR methodology must submit additional information to address the methodology 
requirements discussed in provision 2 in the table of Attachment 1 to GL 96-03 related to the 
RPV material surveillance program. 
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Regarding the calculation of RPV materials' adjusted reference 
temperatures (ART) values, the methodology should describe the method 
for calculating material ART values using RG 1.99, Revision 2. 

Information regarding how material ARTs are to be determined within the WCAP-14040, 
Revision 3, PTLR methodology is provided in Sections 2.3 and 2.4 of the TR. In Section 2.3, . 
the determination of initial, unirradiated material properties frorri Charpy V-notch impact tests 
and/or nil-ductility drop weight tests is clearly defined. The methodology specified in Section 
2.3 accurately incorporates the guidance found in ASME Code Section 111, paragraph NB-2331 
and additional information in SRP Section 5.3.1. 

In Section 2.4 of the TR, the determination of changes in material properties due to irradiation is 
addressed, along with the determination of margins necessary to account for uncertainties in 
initial properties and irradiation damage assessment. The methodology specified in Section 2.4 
accurately incorporates the guidance found in RG 1.99, Revision 2. 

The NRC staff, therefore, determined that the methodology described for determining material 
ART values in WCAP-14040, Revision 3, was consistent with the guidance provided in the 
ASME Code, SRP Section 5.3.1, and RG 1.99, Revision 2, and was, therefore, acceptable. 

Requirement 3: Regarding the development of RPV P-T limit curves, the methodology 
should describe the application of fracture mechanics-based calculations 
in constructing P-T limit curves based on the provisions of Appendix G to 
Section XI of the ASME Code and SRP Section 5.3.2. 

Basic and optional elements of the methodology for RPV P-T limit curve development in 
WCAP-14040, Revision 3, are given in Sections 2.5, 2.6, 2.7, 2.8, and Appendix A of the TR. 

In Section 2.5 of the TR, the fracture toughness-based guidelines from Appendix G to Section 
XI of the ASME Code are specified (based on the 1995 Edition through 1996 Addenda of the 
ASME Code). Notably, specific reference is made to the use of: (1) the ASME Code lower 

-- --bound dynamic-crack initiation/crack arrest (K,A) fracture toughness curve; (2) the use of a 
postulated flaw that has a depth of one-quarter of the wall thickness and a 6: 1 aspect ratio; and 
(3) the use of a structural factor of 2 on primary membrane stress intensities {K1M) when 
evaluating normal heatup and cooldown and a structural factor of 1.5 on K1M when evaluating 
hydrostatic/leak test conditions. 

·----Optional guidelines for-P-Tlimit curve development are.also-addressed in WCAP,,14040, 
Revision 3. The option of using the ASME Code static crack initiation fracture toughness curve 
(Kie), as given in ASME Code Case N-640, is addressed in Sections 2.5 and 2.8. The option of 
using ASME Code Case N-588, which enables the postulation of a circumferentially-oriented 
flaw (with appropriate stress magnification factors) when evaluating a circumferential weld, is 
addressed in Section 2.8. WCAP-14040, Revision 3, notes, however, that licensee use of the 
provisions of either ASME Code Case N-640 or N-588 requires, in accordance with 10 CFR 
50.60(b), an exemption if the provisions of the Code Case are not contained in the edition of the 
ASME Code included in a facility's licensing basis. Appendix A to WCAP-14040, Revision 3, 
provides additional details regarding the application of optional ASME Code Cases and includes 
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copies of ASME Code Case N-588, N-640, and N-641 (which effectively combines the 
provisions of N-588 and N-640 into a single Code Case). 

A detailed discussion of the calculational methodology for P-T limit curve generation is given in 
Section 2.6 of the TR. Specific equations are given for the determination of primary membrane 
stresses due to internal pressure and membrane and bending stresses due to thermal 
gradients. Equations related to the generation of P-T limit curves for steady-state conditions, 
finite heatup rates, finite.cooldown rates, and hydrostatic/leak test conditions are given. The 
equations given in WCAP-14040, Revision 3, are equivalent to those provided in Section XI of 
the ASME Code and consistent with the guidance given in SRP Section 5.3.2. 

Therefore, the NRC staff has concluded that the basic methodology specified in WCAP-14040, 
Revision 3, for establishing P-T limit curves meets the regulatory requirements of Appendix G 
to 10 CFR Part 50 and the guidance provided in SRP Section 5.3.2. However, the NRC staff 
has concluded that the discussion provided in WCAP-14040, Revision 3, regarding the use of 
optional guidelines· for the development of P-T limit curves, including the use of ASME Code 
Cases N-588, N-640, and N-641 is not acceptable. The NRC staff has concluded, based on 
guidance provided by the NRC's Office of the General Counsel, that licensees do not need to 
obtain exemptions to use the provisions of ASME Code Case N-588, N-640, or N-641. The 
basis for this decision is as follows. Appendix G to 10 CFR Part 50 references the use of 
ASME Code Section XI, Appendix G and defines the acceptable Editions and Addenda of the 
Code by reference to those endorsed in 1 O CFR 50.55a. The 2003 Edition of 10 CFR Part 50, 
1 O CFR 50.55a, endorses editions and addenda of ASME Section XI up through the 1998 
Edition and 2000 Addenda. The provisions of N-588, N-640, and N-641 have been directly 
incorporated into the Code in the 2000 Addenda version of ASME Section XI, Appendix G. 
Therefore, licensees may freely make use of the provisions in Code Cases N-588, N-640, and 
N-641 by using the methodology in the 2000 Addenda version of ASME Section XI without the 
need for an exemption. When published, the approved revision of TR WCAP-14040 should be 
modified to reflect this NRC staff conclusion. 

Requirement 4: 
-- --~ - ·-

Rega-rdirig the development of RPV P-T limit curves, the methodology 
should deiscribe how the minimum temperature requirements in Appendix 
G to 10 CFR Part 50 are applied when constructing P-T limit curves. 

Minimum temperature requirements regarding the material in the highly stressed region of the 
RPV flange are given in Appendix G to 10 CFR Part 50. Information provided in Sections 2.9 
and 2.10 of the TR addresses the incorporation of minimum temperature requirements into the 
devefopmeritof P=T lirnin:;urveH:r:-- in· section 2.9, -the 1 O CFR Part 50, Appendix G requirements 
are cited. WCAP-14040, Revision 3, goes on to note that there is an effort underway to revise 
or eliminate these requirements based on information contained in WCAP-15315, "Reactor 
Vessel Closure HeadNessel Flange Requirements Evaluation for Operating PWR and BWR 
Plants." However, WCAP-14040, Revision 3, states that until Appendix G to 10 CFR Part 50 is 
revised to modify/eliminate the existing RPV flange minimum temperature requirements or an 
exemption request to modify/eliminate these requirements is approved by the NRC for a 
specific facility, the stated minimum temperature must be incorporated into a facility's P-T limit 
curves. 
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WCAP-14040; Revision 3, provides supplemental information in Section 2.10 regarding the 
establishment of RPV boltup temperature, specifically that the minimum boltup temperature 
should be 60 °For equal to the highest material reference temperature in the highly stressed 
RPV flange region, whichever is higher (i.e., more conservative). Although no specific 
requfrements related to boltup temperature are provided in Appendix G to 10 CFR Part 50, the 
information in WCAP-14040, Revision 3, is consistent with other, related requirements in 
Appendix G to 10 CFR Part 50 and in Appendix G to Section XI of the ASME Code. 

The NRG staff concludes that the methodology specified in WCAP-14040, Revision 3, 
addresses RPV minimum temperature requirements in a way which is consistent with 
Appendix G to 10 CFR Part 50 and Appendix G to Section XI of the ASME Code and is, 
therefore, acceptable. 

Requirement 5: Regarding the calculation of RPV materials' ARTs, the methodology 
should describe how the data from multiple surveillance capsules may be 
used in ART calculations. 

Requirement 2 of Section 2.4 of WCAP-14040, Revision 3, addresses the determination of 
changes in material properties due to irradiation. This information includes a description of how 
surveillance capsule test results may be used to calculate RPV material properties in a manner 
which is consistent with Section C.2.1 of RG 1.99, Revision 2, and other NRC staff guidance. 

The NRC staff has reviewed the information in Section 2.4 of the TR and determined that it is 
consistent with NRC staff guidance, including RG 1.99, Revision 2, and is, therefore, 
acceptable. 

Requirement 6: Regarding the calculation of the neutron fluerice, the methodololgy 
should describe how the neutron fluence is calculated. 

Neutron Fluence Methodology 

WCAP-14040, Revision 3, includes a revls.ed Section 2.2. The revised section includes plant-
.· spe-cific transport calculations and the validity of the calculations; Forthe neutron transport 

calculations, the applicant is using the two-dimensional discrete ordinates code, DORT 
(Reference 1) with the BUGLE-96 cross section library (Reference 2). Approximations include 
a P5 Legendre expansion for anisotropic scattering and a S16 order of angular quadrature. 
Space and energy dependent core power (neutron source) distributions and associated core 
parameters are treated on a fuel cycle specific basis. Two dimensional flux solutions ct>(r, 9, z) 
are-constructed-using (r;S)and (r-,z.) distributions.- Extreme cases, with respect-to power. -- .. 
distribution arising from part-length fuel assemblies, use the three-dimensional TORT Code 
(Reference 1) with the BUGLE-96 cross section library. Source distribution is obtained from a 
burn-up weighted average of the power distributions of individual fuel cycles. The method 
accounts for source energy spectral effects and neutrons/fission due to burnup by tracking the 
concentration of U-235, U-238, Pu-239, Pu-240, and Pu-241. Mesh spacing accounts for flux 
gradients and material interfaces. 

The proposed methodology, as outlined above, adheres to the guidance of RG 1.190, and 
therefore, is acceptable. 



Validation of Transport Calculations 

The Westinghouse validation is structured in four parts: 

• comparison to pool critical assembly (PCA) simulator results (Reference 3), 

• comparison to calculations in the H. B. Robinson benchmark (Reference 4), 

• comparison to a measurement database from pressurized water reactor (PWR) 
surveillance capsules, and 

• an analytical sensitivity study addressing the uncertainty components of the transport 
calculations. 

Comparisons of calculated results to the corresponding PCA measured quantities establish the 
adequacy of the basic transport calculation and the associated cross sections. Comparison to 
the H.B. Robinson benchmark addresses uncertainties related to the method and generally to 
the neutron exposure. Comparisons to the PWR database provide an indication of the 
presence of a bias and of the uncertainty of the calculated value with respect to the 
corresponding measured values. Finally, the analytical sensitivity study validates the overall 
uncertainties whether from the methodology or the lack of precise knowledge of the input 
parameters. 

Comparison of the measured data to the calculations was performed on the basis of 
measured/calculated (M/C) ratios, and with best estimate values calculated using least squares 
adjusted measured values. The least squares adjustment is based on weighing individual 
measurements based on spectral coverage. Comparisons are done before and after spectral 
adjustments. This method is addressed in RG 1 .190, as well as in the ASTM Standard 
E944-96. 

The NRG staff requested thatthe-WOG address the completeness of its .database. By letter . 
dated October 20, 2003, the WOG responded by indicating that all of the surveillance capsules 
analyzed with the proposed methodology (DORT and BUGLE-96) are included in the database. 
The NRC staff found the response acceptable. 

The NRC staff concludes that the proposed benchmarking methodology adheres to the 
___ guidance.in RG 1.190 and toASTM standards, and therefore, is acceptable. 

Requirement 7: Regarding the low temperature overpressure protection/cold 
overpressure mitigating system, the lift setting limits for the power 
operated relief valves should be developed using NRC-approved 
methodologies. 

The method in this section is identical to the existing method in the approved Revision 2 of 
WCAP-14040. The thermal hydraulics analysis for the mass and heat input transients is using 
the same specialized version of LOFTRAN, which was approved in Revision 2. 
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The cold overpressure mitigating system is the same as in the approved version, and therefore, 
the NRC staff finds it acceptable. 

4.0 CONCLUSION 

The NRG staff has reviewed the information provided in WCAP-14040, Revision 3, related to 
the requirements of GL 96-03, as cited in Section 3.0 of this SE, and finds WCAP-14040, 
Revision 3, to be acceptable for referencing as a PTLR methodology, subject to the following 
conditions: 

a. Licensees who wish to use WCAP-14040, Revision 3, as their PTLR methodology must 
provide additional information to address the methodology requirements discussed in 
provision 2 in the table of Attachment 1 to GL 96-03 related to the RPV material 
surveillance program. 

b. Contrary to the information in WCAP-14040, Revision 3, licensee use of the provisions 
of ASME Code Cases N-588, N-640, or N-641 in conjunction with the basic 
methodology in WCAP-14040, Revision 3, does not require an exemption since the 
provisions of these Code Cases are contained in the edition and addenda of the ASME 
Code incorporated by reference in 1 O CFR 50.55a. When published, the approved 
revision (Revision 4) of TR WCAP-14040 should be modified to reflect this NRC staff 
conclusion. 

c. As stated in WCAP-14040, Revision 3, until Appendix G to 10 CFR Part 50 is revised to 
modify/ eliminate the existing RPV flange minimum temperature requirements or an 
exemption request to modify/eliminate these requirements is approved by the NRC 
for a specific facility, the stated minimum.temperature must be incorporated into a 
facility's P-T limit curves. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The concept of a Pressure and Temperature Limits Report (PTLR) was introduced into the Technical 
Specifications during the development ofNUREG 1431 Cl), Standard Technical Specifications for 
Westinghouse PWRs and is consistent with the philosophy ofNRC Generic Letter 88-16(2

). The PTLR is 
similar to the Core Operating Limits Report (COLR), which is currently licensed for several plants and 
also contained in NUREG 1431. The COLR contains core related limit values which may change from 
cycle to cycle as they are related to a cycle specific core design. In the same way, a PTLR contains 
reactor vessel material related limits which may change every fluence cycle as they are related to reactor 
vessel material and strength. Implementation of the PTLR will allow licensees to relocate their RCS 
heatup and cooldown curves and COMS setpoints currently contained in the Technical Specifications to 
the PTLR. Additionally, the Vessel Fluence and Materials tables contained in the Technical Specifications 
or Bases can be relocated to licensee controlled documents. This process will allow changes to these 
tables, figures and values to be made without making a License Amendment Request (LAR). These 
figures are typically revised due to changes in the nil ductility reference temperature (RT NDT), regulations 
and surveillance capsule withdrawal. 

1.2 PURPOSE OF TOPICAL REPORT 

In order to implement the PTLR, the analytical methods used to develop the pressure and temperature 
limits must be consistent with those previously reviewed and approved by the NRC and must be 
referenced in the Administrative Controls section of the Technical Specifications. The purpose of this 
report is to provide the current Westinghouse methodology for developing the RCS heatup and cooldown 
curves and COMS setpoints. When approved by the NRC, this methodology may be referenced by 
licensees to implement the PTLR. 

This topical report does not provide all of the methodologies which can be used to develop RCS heatup 
and cooldown curves and COMS setpoints, but rather methodologies that can be referenced by licensees 
when approved by the NRC to license the PTLR concept. 

1.3 CONTENT OF TOPICAL REPORT 

This report contains the methodology used to develop the RCS heatup and cooldown curves in 
Section 2.0 and the methodology used to develop the COMS setpoints in Section 3.0. The methodology 
used to develop the COMS enable temperature is also discussed in Section 3.0. 
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2.0 PRESSURE-TEMPERATURE LIMIT CURVES 

2.1 INTRODUCTION 

Heatup and cooldown limit curves are calculated using the most limiting value of RT NDT (reference 
nil-ductility transition temperature) corresponding to the limiting material in the beltline region of the 
reactor vessel. The most limiting RT NDT of the material in the core (beltline) region of the reactor vessel 
is determined by using the unirradiated reactor vessel material fracture toughness properties and 
estimating the irradiation-induced shift (~RT NDT)- The unirradiated RT NDT is defined 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-lb of impact energy and 35-mil lateral expansion (both normal to the major 
working direction) minus 60°F. 

RT NDT increases as the material is exposed to fast-neutron irradiation. Therefore, to find the most limiting 
RT NDT at any time period in the reactor's life, ~RT NDT due to the radiation exposure associated with that 
time period must be added to the original unirradiated RT NDT. The extent of the shift in RT NDT 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 Embrittlement of Reactor Vessel Materialsi3)_ Regulatory 
Guide 1.99, Revision 2, is used for the calculation of adjusted reference temperature (ART) values 
(irradiated RTNDT with margins for uncertainties) at 1/4t and 3/4t locations. "t" is the thickness of the 
vessel at the beltline region measured from the clad/base metal interface (Note, thickness of cladding is 
neglected as specified in the ASME Code, Section III, paragraph NB-3122.3). Using the adjusted 
reference temperature values, pressure-temperature limit curves are determined in accordance with the 
requirements of Appendix G, 10 CFR Part 50C4

\ as augmented by Appendix G, Section XI of the American 
Society of Mechanical Engineers Boiler and Pressure Vessel (ASME B&PV) CodeC5

)_ The procedure for 
establishing the pressure-temperature limits is entirely deterministic. The conservatisms included in the 
limits are (but not limited to): 

• An assumed flaw in the wall of the reactor vessel has a depth equal to 1/4 of the thickness of the 
vessel wall and a length equal to 1-1/2 times the vessel wall thickness, 

• A factor of 2 is applied to the membrane stress intensity factor (K1M), 

• 2-sigma margins are applied in determining the adjusted reference temperature (ART), and 

• The limiting toughness is based upon a reference value [K1a, which is a lower bound of the 
dynamic crack initiation or arrest toughnesses, or K1c, which is a lower bound of static feature 
toughness]. 

This section describes the methodology used by Westinghouse to develop the allowable pressure­
temperature relationships for normal plant heatup and cooldown rates that are included in the Pressure­
Temperature Limits Report (PTLR). First, the methodology describing how the neutron fluence is 
calculated for the reactor vessel beltline materials is provided. Next, sections describing fracture 
toughness properties, adjusted reference temperature calculation, criteria for allowable pressure­
temperature relationships, and pressure-temperature curve generation are provided. 
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2.2 NEUTRON FLUENCE METHODOLOGY 

The methodology used to provide neutron exposure evaluations for the reactor pressure vessel is based on 
the requirements provided in Regulatory Guide 1.190, "Calculational and Dosimetry Methods for 
Determining Pressure Vessel Neutron Fluence."C6

). The vessel exposure projections are based on the 
results of plant specific neutron transport calculations that are validated by benchmarking of the analytical 
approach, comparison with industry wide power reactor data bases, and finally, by comparison to plant 
specific surveillance capsule and reactor cavity dosimetry data. In the validation process, the 
measurement data are used solely to confirm the accuracy of the transport calculations. The 
measurements are not used in any way to modify the results of the transport calculations. 

2.2.1 Plant Specific Transport Calculations 

In the application of the methodology to the fast neutron exposure evaluations for the surveillance 
capsules and reactor vessel, plant specific forward transport calculations are carried out on a fuel cycle 
specific basis using the following three-dimensional flux synthesis technique: 

where: 

~(r,0,z) = [ ~(r,0)] * [ ~(r,z)]/[ ~(r)] 

~(r,0,z) is the synthesized three-dimensional neutron flux distribution, 

~(r,0) is the transport solution in r,0 geometry, 

~(r,z) is the two-dimensional solution for a cylindrical reactor model using the actual axial core 
power distribution, and 

~(r) is the one-dimensional solution for a cylindrical reactor model using the same source per unit 
height as that used in the r,0 two-dimensional calculation. 

All of the transport calculations are carried out using the DORT discrete ordinates code Version 3 .1 C7) and 
the BUGLE-96 cross-section library[111• The BUGLE-96 library provides a 67 group coupled 
neutron-gamma ray cross-section data set produced specifically for light water reactor application. In 
these analyses, anisotropic scattering is treated with a P 5 legendre expansion and the angular 
discretization is modeled with an S16 order of angular quadrature. Energy and space dependent core 
power distributions as well as system operating temperatures are treated on a fuel cycle specific basis. 
The synthesis procedure combining the ~(r,0), ~(r,z), and ~(r) transport solutions into the three­
dimensional flux/fluence maps within the reactor geometry is accomplished by post-processing the output 
files generated by the [r,0], [r,z], and [r] DORT calculations. 

In some extreme cases where part length poisons or shielded fuel assemblies have been inserted into the 
reactor core to reduce the fluence locally in the vicinity of key vessel materials, the calculational approach 
may be modified to use either a multi-channel synthesis approach or a fully three-dimensional technique. 
For the full three-dimensional analysis, the TORTC7

) three-dimensional discrete ordinates transport code is 
used in conjunction with either the BUGLE-96 ENDF /B-VI based library to provide a complete solution 
without recourse to the use of flux synthesis techniques. 
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In developing an analytical model of the reactor geometry, nominal design dimensions are normally 
employed for the various structural components. In some cases as-built dimensions are available; and, in 
those instances, the more accurate as-built data are used for model development. However, for the most 
part, as built dimensions of the components in the beltline region of the reactor are not available, thus, 
dictating the use of design dimensions. Likewise, water temperatures and, hence, coolant density in the 
reactor core and downcomer regions of the reactor are normally taken to be representative of full power 
operating conditions. The reactor core itself is treated as a homogeneous mixture of fuel, cladding, water, 
and miscellaneous core structures such as fuel assembly grids, guide tubes, etc. 

The spatial mesh description used in the transport models depends on the overall size of the reactor and 
on the complexity required to model the core periphery, the in-vessel surveillance capsules, and the 
details of the reactor cavity. Mesh sizes are chosen to assure that proper convergence of the inner 
iterations is achieved on a pointwise basis. The pointwise inner iteration flux convergence criterion 
utilized in the r,0 calculations is set at a value of 0 .001. 

The mesh selection process results in a smaller spatial mesh in regions exhibiting steep gradients, in 
material zones of high cross-section (L1), and at material interfaces. In the modeling of in-vessel 
surveillance capsules, a minimum set of 3 radial by 3 azimuthal mesh are employed within the test 
specimen array to assure that sufficient information is produced for use in the assessment of fluence 
gradients within the materials test specimens, as well as in the determination of gradient corrections for 
neutron sensors. Additional radial and azimuthal mesh are employed to model the capsule structure 
surrounding the materials test specimen array. In modeling the stainless steel baffle region at the 
periphery of the core, a relatively fine spatial mesh is required to adequately describe this rectilinear 
component in r,0 geometry. In performing this x,y to r,0 transition, care is taken to preserve both the 
thickness and volume of the steel region in order to accurately address the shielding effectiveness of the 
component. 

The spatial variation of the neutron source is generally obtained from a bumup weighted average of the 
respective power distributions from individual fuel cycles. These spatial distributions include pinwise 
gradients for all fuel assemblies located at the periphery of the core and typically include a uniform or flat 
distribution for fuel assemblies interior to the core. The spatial component of the neutron source is 
transposed from x,y to [r,0], [r,z], and [r] geometry by overlaying the mesh schematic to be used in the 
transport calculation on the pin by pin array and then computing the appropriate relative source applicable 
to each spatial interval within the reactor core. 

These x,y to [r,0], [r,z], and [r] transpositions are accomplished by first defining a fine mesh working 
array. The sizes of the fine mesh are usually chosen so that there is at least a lOxlO array of fine mesh 
over the area of each fuel pin at the core periphery. The coordinates of the center of each fine mesh 
interval and its associated relative source strength are assigned to the fine mesh based on the pin that is 
coincident with the center of the fine mesh. In the limit as the sizes of the fine mesh approach zero, this 
technique becomes an exact transformation. 
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Each space mesh in the transport geometry is checked to determine if it lies totally within the area of a 
particular fine working mesh. If it does, the relative source of that fine mesh is assigned to the transport 
space mesh. If, on the other hand, the transport space mesh covers a part of one or more fine mesh, then 
the relative source assigned to the transport mesh is determined by an area weighting process as follows: 

where: 

LA;P; 
p =_i __ 

m LAi 

Pm = the relative source assigned to transport mesh m. 

A = the area of fine working mesh i within transport mesh m. 

Pi = the relative source within fine working mesh i. 

The energy distribution of the source is determined on a fuel assembly specific basis by selecting a fuel 
assembly bumup representative of conditions averaged over each fuel cycle and an initial enrichment 
characteristic for each assembly. From this average bumup and initial enrichment, a fission split by 
isotope including 235U, 238U, 238Pu, 239Pu, 240Pu, and 241Pu is derived; and, from that fission split, 
composite values of energy release per fission, neutron yield per fission, and fission spectrum are 
determined for each fuel assembly. These composite values are then combined with the spatial 
distribution to produce the overall absolute neutron source for use in the transport calculations. 

2.2.2 Validation of the Transport Calculations 

The validation of the methodology described in Section 2.2.1 is based on the guidance provided in 
Regulatory Guide 1.190. In particular, the validation consists of the following stages: 

1. Comparisons of calculations with benchmark measurements from the Pool Critical Assembly 
(PCA) simulator at the Oak Ridge National Laboratory (ORNLi12

). 

2. Comparisons of calculations with surveillance capsule and reactor cavity measurements from the 
H.B. Robinson power reactor benchmark experimenl22

). 

3. An analytical sensitivity study addressing the uncertainty components resulting from important 
input parameters applicable to the plant specific transport calculations used in the exposure 
assessments. 

4. Comparisons of calculations with a measurements data base obtained from a large number of 
surveillance capsules withdrawn from a variety of pressurized water reactors. 

At each subsequent application of the methodology, comparisons are made with plant specific dosimetry 
results to demonstrate that the plant specific transport calculations are consistent with the uncertainties 
derived from the methods qualification. 
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The first stage of the methods validation addresses the adequacy of basic transport calculation and 
dosimetry evaluation techniques and associated cross-sections. This stage, however, does not test the 
accuracy of commercial core neutron source calculations nor does it address uncertainties in operational 
or geometric variables that impact power reactor calculations. The second stage of the validation 
addresses uncertainties that are primarily methods related and would tend to apply generically to all fast 
neutron exposure evaluations. The third stage of the validation identifies the potential uncertainties 
introduced into the overall evaluation due to calculational methods approximations, as well as to a lack of 
knowledge relative to various plant specific parameters. The overall calculational uncertainty is 
established from the results of these three stages of the validation process. 

The following summarizes the uncertainties determined from the results of the first three stages of the 
validation process: 

PCA Benchmark Comparisons 

H. B. Robinson Benchmark Comparisons 

Analytical Sensitivity Studies 
Internals Dimensions 
Vessel Inner Radius 
Water Temperature 
Peripheral Assembly Source Strength 
Axial Power Distribution 
Peripheral Assembly Bumup 
Spatial Distribution of the Source 

Other Factors 

3% 

3% 

11% 

3% 
5% 
4% 
5% 
5% 
2% 
4% 

5% 

The category designated "Other Factors" is intended to attribute an additional uncertainty to other 
geometrical or operational variables that individually have an insignificant impact on the overall 
uncertainty, but collectively should be accounted for in the assessment. 

The uncertainty components tabulated above represent percent uncertainty at the 1 CJ level. In the 
tabulation, the net uncertainty of 11 % from the analytical sensitivity studies has been broken down into its 
individual components. When the four uncertainty values listed above (3%, 3%, 11 %, and 5%) are 
combined in quadrature, the resultant overall lCJ calculational uncertainty is estimated to be 13%. 

To date the methodology described in Section 2.2.1 coupled with the BUGLE-96 cross-section library has 
been used in the evaluation of dosimetry sets from 82 surveillance capsules from 23 pressurized water 
reactors. These capsule withdrawals included 2-5 capsules from individual reactors. The comparisons of 
the plant specific calculations with the results of the capsule dosimetry are used to further validate the 
calculational methodology within the context of a 1 CJ calculational uncertainty of 13 %. 

This 82 capsule data base includes all surveillance capsule dosimetry sets analyzed by Westinghouse 
using the Bugle-96 cross-section library and the synthesis approach described in Section 2.2.1. No 
surveillance capsule dosimetry sets were excluded from the MIC data base. As additional capsules are 
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The comparisons between the plant specific calculations and the data base measurements are provided on 
two levels. In the first instance, measurement to calculation (MIC) ratios for each fast neutron sensor 
reaction rate from the surveillance capsule irradiations are listed. This tabulation provides a direct 
comparison, on an absolute basis, of measurement and calculation. The results of this comparison for the 
surveillance capsule data base are as follows: 

REACTION MIC STD DEV 
63Cu(na)6°co 1.09 7.9% 
54Fe(n,p )54Mn 0.99 8.4% 
58Ni(n,p )58Co 0.99 8.9% 
23sU(n,f)131Cs 1.01 11.8% 
237Np(n,f)l37 Cs 1.06 11.3% 

Linear Average 1.03 9.8% 

These comparisons show that the calculations and measurements for the surveillance capsule data base 
fall well within the 13% calculational uncertainty for all of the fast neutron reactions. 

The second comparison of calculations with the data base is based on the least squares adjustment of the 
individual surveillance capsule data sets. The least squares adjustment procedure provides a weighting of 
the individual sensor measurements based on spectral coverage and allows a comparison of the neutron 
flux (E > 1.0 MeV) before and after adjustment. The neutron flux/fluence (E > 1.0 MeV) is the primary 
parameter of interest in the overall pressure vessel exposure evaluations. 

The least squares evaluations of the 82 surveillance capsule dosimetry sets followed the guidance 
provided in Section 1.4.2 of Regulatory Guide 1.190 and in ASTM Standard E944-96, "Standard Guide 
for Application of Neutron Spectrum Adjustment Methods in Reactor Surveillance." 

The application of the least squares methodology requires the following input: 

1. The calculated neutron energy spectrum and associated uncertainties at the measurement location. 

2. The measured reaction rates and associated uncertainty for each sensor contained in the multiple 
foil set. 

3. The energy dependent dosimetry reaction cross-sections and associated uncertainties for each 
sensor contained in the multiple foil sensor set. 

For the data base comparisons, the calculated neutron spectra were obtained from the results of plant 
specific neutron transport calculations applicable to each of the 82 surveillance capsules. The sensor 
reaction rates and dosimetry cross-sections were the same as those used in the direct MIC comparisons 
noted above. 
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The results of this latter comparison expressed in terms of the ratio of adjusted flux to calculated flux 
(A/C) are summarized as follows for the 82 capsule data base: 

PARAMETER 
~(E > 1.0 MeV) 

AIC 
1.00 

STD DEV 
7.3% 

As with the comparisons based on the linear average of reaction rate MIC ratios, the comparisons of the 
least squares adjusted results with the plant specific transport calculations demonstrate that the calculated 
results are essentially unbiased with an uncertainty well within the 20% criterion established in 
Regulatory Guide 1.190. 

2.3 FRACTURE TOUGHNESS PROPERTIES 

The fracture toughness properties of the ferritic material in the reactor coolant pressure boundary are 
determined in accordance with the requirements of Appendix G, 10 CFR Part 50C4

), as augmented by the 
additional requirements in subsection NB-2331 of Section III of the ASME B&PV Codecs)_ These 
fracture toughness requirements are also summarized in Branch Technical Position MTEB 5-2 
("Fracture Toughness Requirements"i9) of the NRC Regulatory Standard Review Plan. 

These requirements are used to determine the value of the reference nil-ductility transition temperature 
(RT NDT) for unirradiated material ( defined as initial RT NDT, IRT NDT) and to calculate the adjusted reference 
temperature (ART) as described in Section 2.4. Two types of tests are required to determine a material's 
value of IRT NDT: Charpy V-notch impact (Cv) tests and drop-weight tests. The procedure is as follows: 

1. Determine a temperature T NDT that is at or above the nil-ductility transition temperature by drop 
weight tests. 

2. At a temperature not greater than T NDT + 60°F, each specimen of the Cv test shall exhibit at least 
35 mils lateral expansion and not less than 50 ft-lb absorbed energy. When these requirements 
are met, T NDT is the reference temperature RT NDT· 

3. If the requirements of (2) above are not met, conduct additional Cv tests in groups of three 
specimens to determine the temperature T cv at which they are met. In this case the reference 
temperature RT NDT = T cv - 60°F. Thus, the reference temperature RT NDT is the higher of T NDT and 
(Tcv - 60°F). 

4. If the Cv test has not been performed at T NDT + 60°F, or when the Cv test at T NDT + 60°F does not 
exhibit a minimum of 50 ft-lb and 35 mils lateral expansion, a temperature representing a 
minimum of 50 ft-lb and 35 mils lateral expansion may be obtained from a full Cv impact curve 
developed from the minimum data points of all the Cv tests performed as shown in Figure 2.1. 

Plants that do not follow the fracture toughness guidelines in Branch Technical Position MTEB 5-2 to 
determine IRT NDT can use alternative procedures. However, sufficient technical justification and special 
circumstances per the criteria of 1 0CFR50.12(a)(2) must be provided for an exemption from the 
regulations to be granted by the NRC. 
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2.4 CALCULATION OF ADJUSTED REFERENCE TEMPERATURE 

The adjusted reference temperature (ART) for each material in the beltline region is calculated in 
accordance with Regulatory Guide 1.99, Revision i 3

)_ The most limiting ART values (i.e., highest value 
at 1/4t and 3/4t locations) are used in determining the pressure-temperature limit curves. ART is 
calculated by the following equation: 

ART= IRT NDT + ~RT NDT + Margin (2.4-1) 

IRT NDT 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(s) and calculated per Section 2.3. If measured 
values of IRT NDT are not available for the material in question, generic mean values for that class of 
material can be used if there are sufficient test results to establish a mean and standard deviation for the 
class. 

~RT NDT is the mean value of the shift in reference temperature caused by irradiation and is calculated as 
follows: 

~RT NDT = CF f (0.28 - 0.10 log t) (2.4-2) 

CF (°F) is the chemistry factor and is a function of copper and nickel content. CF is given in Table 1 of 
Reference 3 for weld metal and in Table 2 in Reference 3 for base metal (Position 1.1 of Regulatory 
Guide 1.99, Revision 2). In Tables 1 and 2 of Reference 3 "weight-percent copper" and "weight-percent" 
nickel" are the best-estimate values for the material and linear interpolation is permitted. When two or 
more credible surveillance data sets (as defined in Regulatory Guide 1.99, Revision 2, Paragraph B.4) 
become available they may be used to calculate the chemistry factor per Position 2.1 of Regulatory 
Guide 1.99, Revision 2, as follows: 

Il L [Ai f/0.28-0.lOlogfi)] 

CF 
i=l 

Il 
(2.4-3) 

L [fi (0.28-0.lOlogfi) J2 
i=l 

Where "n" is the number of surveillance data points, "At is the measured shift in the Charpy V-notch 
30 ft-lb energy level betweenthe unirradiated condition and the irradiated condition,"(." Where "ft is 
the fluence for each surveillance data point. 

If Position 2.1 of Regulatory Guide 1.99, Revision 2, results in a higher value of ART than Position 1.1 of 
Regulatory Guide 1.99, Revision 2, the ART calculated per Position 2.1 must be used. However, if 
Position 2.1 of Regulatory Guide 1.99, Revision 2, results in a lower value of ART than Position 1.1 of 
Regulatory Guide 1.99, Revision 2, either value of ART may be used. 

To calculate ~RT NDT at any depth ( e.g., at 1/4t or 3/4t), the following formula is used to attenuate the fast 
neutron fluence (E> 1 Me V) at the specified depth. 

WCAP-14040-A 
5461.doc-061004 

May 2004 
Revision 4 



2-9 

f = fsurface e (-0.24x) (2.4-4) 

where fsurface 1019 n/cm2
, E > 1 MeV) is the value, calculated per Section 2.2, of the neutron fluence at the 

base metal surface of the vessel at the location of the postulated defect, and x (in inches) is the depth into 
the vessel wall measured from the vessel clad/base metal interface. The resultant fluence is then put into 
equation (2.4-2) to calculate L1RTNnT at the specified depth. 

When two or more credible surveillance capsules have been removed, the measured increase in reference 
temperature (L'1RT NDT) must be compared to the predicted increase in RT NDT for each surveillance 
material. The predicted increase in RT NDT is the mean shift in RT NDT calculated by equation (2.4-2) plus 
two standard deviations (2crLi) specified in Regulatory Guide 1.99, Revision 2. If the measured value 
exceeds the predicted value (L'1RT NDT + 2crLi), a supplement to the PTLR must be submitted for NRC 
review and approval to demonstrate how the results affect the approved methodology. 

Margin is the temperature value that is included in the ART calculations to obtain conservative, upper­
bound values of ART for the calculations required by Appendix G to 10 CFR Part 50C4

)_ Margin is 
calculated by the following equation: 

Margin= 2 [(cr/ +crl)J05 (2.4-5) 

cr1, is the standard deviation for IRT NDT and cr Li is the standard deviation for L'1RT NDT• If IRT NDT is a 
measured value, cr1, is estimated from the precision of the test method ( cr1 = 0 for a measured IRT NDT of a 
single material). If IRT NDT is not a measured value and generic mean values for that class of material are 
used, cr1 is the standard deviation obtained from the set of data used to establish the mean. Per Regulatory 
Guide 1.99, cr Li is 28°F for welds and l 7°F for base metal. When surveillance data is used to calculate 
L1RT NDT, crLi values may be reduced by one-half. In all cases, crLi need not exceed half of the mean value of 

L1RTNDT· 

2.5 CRITERIA FOR ALLOWABLE PRESSURE-TEMPERATURE RELATIONSHIPS 

The ASME Code requirementsC5
) for calculating the allowable pressure-temperature limit curves for 

various heatup and cooldown rates specify 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, the fracture toughness for the metal temperature at that time. Two values of 
fracture toughness may be used, Kra or Krc. 

Kra is obtained from the reference fracture toughness curve, defined in Appendix G, to Section XI of the 
ASME Code (1995 Edition through the 1996 Addenda). (Note that in Appendix G, to Section III of the 
ASME Code, the reference fracture toughness is denoted as KrR, whereas in Appendix G of Section XI, 
the reference fracture toughness is denoted as Kra. However, the KrR and Kra curves are identical and are 
defined with the identical functional form.) The Kra curve is given by the following equation: 
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where, 

Kra = lower bound of dynamic and crack arrest toughness as a function of the metal 
temperature T and the metal reference nil-ductility transition temperature RT NDT, 

(ksi rm). The value of RT NDT is the adjusted reference temperature (ART) of 
Section 2.4. 

2-10 

Krc is also obtained from Section XI of the ASME Code, for example in Appendix A, and is a lower bound 
of static fracture toughness. Since heatup and cooldown is a slow process, static properties are 
appropriate. The Krc curve is given by the following expression: 

Krc = 33.20 + 20.734 exp [0.0200 (T-RTNDT)] (2.5-2) 

The use of the Krc curve (Section XI, Appendix A) as a basis for developing P-T limit curves is currently 
contained inASME Code Case N640. Use of the Krc fracture toughness will yield less limiting P-T 
curves, which is clearly a benefit. 

However, the use of Code Case 640 presently includes a restriction on the setpoints for the Cold 
Overpressure Mitigation System (COMS). This maximum pressure for the COMS system is 100% of the 
pressure allowed by the P-T limit curves. This essentially disallows the use of Code Case N514 in these 
circumstances, meaning that the COMS system must protect to the actual P-T limit curve, rather than 
110 percent, as allowed by Code Case N514. 

The governing equation for generating pressure-temperature limit curves is defined in Appendix G of the 
ASME CodeC5

) as follows: 

where, 

C KIM + Krt < Reference Fracture Toughness (2.5-3) 

KrM stress intensity factor caused by membrane (pressure) stress, 

Krt stress intensity factor caused by the thermal gradients through the vessel wall, 

C 2.0 for Level A and Level B service limits (for heatup and cooldown), 

C 1.5 for hydrostatic and leak test conditions when the reactor core is not critical 

Reference Fracture Toughness = Kra or Krc, as discussed above 

(Note: Krt is set to zero for hydrostatic and leak test calculations since these tests are performed 
at isothermal conditions). 

At specific times during the heatup or cooldown transient, the reference fracture toughness is determined 
by the metal temperature at the tip of the postulated flaw (the postulated flaw has a depth of one-fourth of 
the section thickness and a length of 1.5 times the section thickness per ASME Code, Section XI, 
paragraph G-2120), the appropriate value for RTNDT at the same location, and the reference fracture 
toughness equation (2.5-1 or 2.5-2). The thermal stresses resulting from the temperature gradients 
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through the vessel wall and the corresponding (thermal) stress intensity factor, Krt, for the reference flaw 
are calculated as described in Section 2.6. From Equation (2.5-3), the limiting pressure stress intensity 
factors are obtained and, from these, the allowable pressures are calculated as described in Section 2.6. 

For the calculation of the allowable pressure versus coolant temperature during cooldown, the reference 
l/4t (t = reactor vessel wall thickness) flaw of Appendix G, Section XI 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 vessel wall because the thermal gradients that increase with increasing cooldown rates 
produce tensile stresses at the inside surface that would tend to open (propagate) the existing flaw. 
Allowable pressure-temperature curves are generated for steady-state (zero rate) and each finite cooldown 
rate specified. From these curves, composite limit curves are constructed as the minimum of the steady­
state or finite rate curve for each cooldown rate specified. 

The use of the composite curve in the cooldown analysis is necessary because control of the cooldown 
procedure is based on the measurement of reactor coolant temperature, whereas the limiting pressure is 
actually dependent on the material temperature at the tip of the assumed flaw. During cooldown, the l/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 temperature difference across the wall developed during cooldown results in a higher 
value of reference fracture toughness at the l/4t location for finite cool down rates than for steady-state 
operation. Furthermore, if conditions exist so that the increase in reference fracture toughness exceeds 
Krt, the calculated allowable pressure during cooldown will be greater than the steady-state value. 

The above procedures are needed because there is no direct control on temperature at the l/4t location 
and, therefore, allowable pressures could be lower 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 l/4t flaw 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 reference fracture toughness for the inside l/4t flaw during heatup is lower than the 
reference fracture toughness for the same flaw during steady-state conditions at the same coolant 
temperature. However, conditions may exist so that the effects of compressive thermal stresses and lower 
reference fracture toughness do not offset each other and the pressure-temperature curve based on finite 
heatup rates could become limiting. 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 for the inside l/4t flaw. 

The third portion of the heatup analysis concerns the calculation of the pressure-temperature limitations 
for the case of a l/4t outside surface flaw. 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 
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rate ofheatup and coolant temperature during the heatup ramp. Since the thermal stresses at the outside 
are tensile and increase with increasing heatup rates, each heatup rate is analyzed on an individual basis. 

Following the generation of the three pressure-temperature curves, the final limit curves are produced by 
constructing a composite curve based on a point-by-point comparison of the steady-state data and finite 
heatup rate data for both inside and outside surface flaws. 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 not possible to 
predict which condition is most limiting because of local differences in irradiation (RT NDT), metal 
temperature and thermal stresses. With the composite curve, the pressure limit is at all times based on 
analysis of the most critical situation. 

Finally, the 1983 Amendment to 10CFR50(4)has a rule which 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 RT NDT by at least 120°F for normal operation and 
90°F for hydrostatic pressure tests and leak tests when the pressure exceeds 20 percent of the preservice 
hydrostatic test pressure. In addition, when the core is critical, the pressure-temperature limits for core 
operation ( except for low power physics tests) require that the reactor vessel 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. These limits are incorporated into the pressure-temperature limit curves wherever 
applicable. 

A petition for rulemaking to eliminate the flange requirement contained in 1 OCFR50 Appendix G was 
submitted to the NRC by Westinghouse in November 1999. Until 10CFR50 Appendix G is revised to 
eliminate the flange requirement, it must be included in the P-T limits, unless an exemption request is 
submitted and approved by the NRC. 

Figure 2.2 shows an example of a heatup curve using a heatup rate of 60°F /Hr applicable for the first 
16 EFPY. Figure 2.3 shows an example of cooldown curves using rates of 0°, 20°, 40°, 60°, and 
100°F /Hr applicable for the first 16 EFPY. Allowable combinations of temperature and pressure for 
specific temperature change rates are below and to the right of the limit lines shown in Figures 2.2 and 
2.3. Note that the step in these curves are due to the previously described flange requirements [4]. 

2.6 PRESSURE-TEMPERATURE CURVE GENERATION METHODOLOGY 

2.6.1 Thermal and Stress Analyses 

The time-dependent temperature solution utilized in both the heatup and cooldown analysis is based on 
the one-dimensional transient heat conduction equation: 

with the following boundary conditions applied at the inner and outer radii of the reactor vessel, 
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where, 

ri 

ro 

p 

C 

K 

T 

r 

t 

h 

Tc 

reactor vessel inner radius 

reactor vessel outer radius 

material density 

material specific heat 

material thermal conductivity 

local temperature 

radial location 

time 

heat transfer coefficient between the coolant and the vessel wall 

coolant temperature 

These equations are solved numerically to generate the position and time-dependent temperature 
distributions, T(r,t), for all heatup and cooldown rates of interest. 
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(2.6.1-2) 

(2.6.1-3) 

With the results of the heat transfer analysis as input, position and time-dependent distributions of hoop 
thermal stress are calculated using the formula for the thermal stress in a hollow cylinder given by 
TimoshenkoC14

)_ 

Ea 1 [ r 
2 

+ r? rr rr ] cre (r, t)=-.- 2 2 
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2 
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·
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T(r, t)r dr + J,r
1

· T(r, t)r dr-T(r, t)r 2 
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where, 

a 0(r,t) 

E 

a 

V 
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hoop stress at location and time t 

modulus of elasticity 

coefficient of linear expansion 
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The quantities E and a are temperature-dependent properties. However, to simplify the analysis, E and a 
are evaluated at an equivalent wall temperature at a given time: 

2 J:° T(r)r dr 
I (2.6.1-5) 

E and a are calculated as a function of this equivalent temperature and the Ea product in equation 
(2.6.1-4) is treated as a constant in the computation ofhoop thermal stress. 

The linear bending ( ab) and constant membrane ( am) stress components of the thermal hoop stress profile 
are approximated by the linearization technique presented in Appendix A, to Section XI of the ASME 
Code(15

)_ These stress components are used for determining the thermal stress intensity factors, K1t, as 
described in subsections 2.6.3 and 2.6.4. 

2.6.2 Steady-State Analyses 

Using the calculated beltline metal temperature and the metal reference nil-ductility transition 
temperature, the reference stress intensity factor (K1a) is determined in Equation (2.5-1) at the l/4t 
location where "t" represents the vessel wall thickness. At the l/4t location, a 1/4 thickness flaw is 
assumed to originate at the vessel inside radius. 

The allowable pressure P(Tc) is a function of coolant temperature, and the pressure temperature curve is 
calculated for the steady state case at the assumed l/4t inside surface flaw. First, the maximum allowable 
membrane (pressure) stress intensity factor is determined using the factor of 2.0 from equation (2.5-2) and 
the following equation: 

where, 

(2.6.2-1) 

allowable reference stress intensity factor as a function ofT-RT NDT at 1/4t. 
(See Sections 2.7 and 2.8 for the new approach using Code Cases N640 
and N588.) 

Next, the maximum allowable pressure stress is determined using an iterative process and the following 
three equations: 
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where, 
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KIM(max) 
(j ------

p - I.I MK ftf (2.6.2-3) 

(2.6.2-4) 

Q flaw shape factor modified for plastic zone sizec16
), 

~ is the elliptical integral of the 2nd kind ( ~ = 1.113 7 6 for the fixed aspect ratio of 3 of 
the code reference flaw)°6

\ 

0.212 plastic zone size correction factorC 16
\ 

Gp pressure stress, 

cry yield stress, 

1.1 correction factor for surface breaking flaws, 

MK correction factor for constant membrane stress (1
6
), MK as function ofrelativeflaw 

depth (a/t) is shown in Figure 2.4, 

a crack depth of l/4t, 

K1p = pressure stress intensity factor. 

The maximum allowable pressure stress is determined by incrementing crp from an initial value of 0.0 psi 
until a pressure stress is found that computes a KIP value within 1.000 I of the KIM(max) value. After the 
maximum allowable crP is found, the maximum allowable internal pressure is determined by 

where, 

P(Tc) 
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2.6.3 Finite Cooldown Rate Analyses 

For each cooldown rate the pressure-temperature curve is calculated at the inside 1/4t location. First, the 
thermal stress intensity factor is calculated for a coolant temperature at a given time using the following 
equation from the Welding Research Councilc16

): 

where, 

CJm constant membrane stress component from the linearized thermal hoop stress 
distribution, 

(2.6.3-1) 

crb linear bending stress component from the linearized thermal hoop stress distribution, 

MK correction factor for membrane stress06) (see Figure 2.4), 

MB correction factor for bending stressC16
\ MB as a function ofrelative flaw depth (alt) is 

shown in Figure 2.5. 

The flaw shape factor Qin equation (2.6.2-6) is calculated fromC16
) 

(2.6.3-2) 

Once Krt is computed, the maximum allowable membrane (pressure) stress intensity factor is determined 
using the factor of 2.0 from equation (2.5-2) and the following equation: 

KI *(T-RTNDT)l/4t -Klt (Tc)l/4t 
K -----------

rM(max) - 2. Q (2.6.3-3) 

From KIM(max), the maximum allowable pressure is determined using the iterative process described above 
and equations (2.6.2-2) through (2.6.2-5). 

The steady-state pressure-temperature curve of Section 2.6.2 is compared to the cooldown curves for the 
1/4t inside surface flaw at each cooldown rate. At any time, the allowable pressure is the lesser of the two 
values, and the resulting curve is called the composite cooldown limit curve. 

Finally, the 10 CFR Part 50C4
) requirement for the closure flange region is incorporated into the cooldown 

composite curve as described in Section 2.5. 
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2.6.4 Finite Heatup Rate Analyses 

Using the calculated beltline metal temperature and the metal reference nil-ductility transition 
temperature, the reference stress intensity factor (Kra) is determined in Equation (2.5-1) or (2.5-2) at both 
the 1/4t and 3/4t locations where "t" represents the vessel wall thickness. At the 1/4t location, a 
1/4 thickness flaw is assumed to originate at the vessel inside radius. At the 3/4t location, a 1/4t flaw is 
assumed to originate on the outside of the vessel. 

For each heatup rate a pressure-temperature curve is calculated at the 1/4t and 3/4t locations. First, the 
thermal stress intensity factor is calculated at the 1/4t and 3/4t locations for a coolant temperature at a 
given time using Option 1 or 2 from Section 2.6.3. 

Once K1t is computed, the maximum allowable membrane (pressure) stress intensity factors at the 1/4t and 
3/4t locations are determined using the following equations: 

At 1/4t, (2.6.4-1) 

At 3/4t, (2.6.4-2) 

From KIM(max)l/4t and KIM(max)314t, the maximum allowable pressure at both the l/4t and 3/4t locations is 
determined using the iterative process described in Section 2.6.2 and equations (2.6.2-2) through 
(2.6.2-5). 

As was done with the cooldown case, the steady state pressure-temperature curve of Section 2.6.2 is 
compared with the l/4t and 3/4t location heatup curves for each heatup rate, with the lowest of the three 
being used to generate the composite heatup limit curve. The composite curve is then adjusted for the 
10 CFR Part 50C4

) rule for closure flange requirements, as discussed in Section 2.5. 

2.6.5 Hydrostatic and Leak Test Curve Analyses 

The minimum inservice hydrostatic leak test curve is determined by calculating the minimum allowable 

temperature at two pressure values (pressure values of 2000 psig and 2485 psig, approximately 110% of 
operating pressure, are generally used). The curve is generated by drawing a line between the two 
pressure-temperature data points. The governing equation for generating the hydrostatic leak test 
pressure-temperature limit curve is defined in Appendix G, Section XI, of the ASME Codecs) as follows: 

1.5 KrM <Kra (2.6.5-1) 

where, KrM is the stress intensity factor caused by the membrane (pressure) stress and Kra is the reference 
stress intensity factor as defined in equation (2.5-1). Note that the thermal stress intensity factor is 
neglected (i.e., K1t = 0) since the hydrostatic leak test is performed at isothermal conditions. 
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The pressure stress is determined by, 

where, 

p the input pressure (generally 2000 and 2485 psig) 

Next, the pressure stress intensity factor is calculated for a 1/4t flaw by, 

The KrM result is multiplied by the 1.5 factor of equation (2.5-2) and divided by 1000, 

l.5K1M 
K HYD = _10_0_0_ 
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(2.6.5-2) 

(2.6.5-3) 

(2.6.5-4) 

Finally, the minimum allowable temperature is determined by setting KHYn to Kra in equation (2.5-1) and 
solving for temperature T: 

f [(KHYD - 26.78)] 

T = n 1.223 + RT -160.0 
0.0145 NDT 

(2.6.5-5) 

The 1983 Amendment to 10CFR50C4
) has a rule which addresses the test temperature for hydrostatic 

pressure tests. This rule states that, when there is no fuel in the reactor vessel during hydrostatic pressure 
tests or leak tests, the minimum allowable test temperature must be 60°F above the adjusted reference 
temperature of the beltline region material that is controlling. If fuel is present in the reactor vessel 
during hydrostatic pressure tests or leak tests, the requirements of this section and Sectio11 2.5 must be 
met. 

2.7 1996 ADDENDA TO ASME SECTION XI, APPENDIX G METHODOLOGY 

ASME Section XI, Appendix G was updated in 1996 to incorporate the most recent elastic solutions for 
Kr due to pressure and radial thermal gradients. The new solutions are based on finite element analyses 
for inside surface flaws performed at Oak Ridge National Laboratories and sponsored by the NRC, and 
work published for outside surface flaws. These solutions provide results that are very similar to those 
obtained by using solutions previously developed by Raju and Newman. 

This revision provides consistent computational methods for pressure and thermal Kr, for thermal · 
gradients through the vessel wall at any time during the transient. Consistent with the original version of 
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Appendix G, no contribution for crack face pressure is included in the Kr due to pressure, and cladding 
effects are neglected. 

Using these elastic solutions in the low temperature region will provide some relief to restrictions 
associated with reactor operation at relatively low temperatures. Although the relief is relatively small in 
terms of the absolute allowable pressure, the benefits are substantial, because even a small increase in the 
allowable pressure can be a significant percentage increase in the operating window at relatively low 
temperatures. Implementing this revision results in a safety benefit (reduced likelihood of lifting COMS 
relief valves), with no reduction in vessel integrity. 

The following revisions were made to ASME Section XI, Appendix G: 

G-2214.1 Membrane Tension: 

K rm= Mmx (pRi/t) 

where, Mm for an inside surface flaw is given by: 

Mm 1.85 for ✓f < 2, 

Mm 0.926 ✓f for 2 :S: ✓f :S: 3.464, 

Mm 3.21 for ✓f > 3.464 

Similarly, Mm for an outside surface flaw is given by: 

where, 

Mm 1.77 for ✓t < 2, 

Mm 0.893 ✓f for 2 :S: ✓f :S: 3.464, 

Mm 3.09 for ✓f > 3.464 

p = internal pressure, 

Ri = vessel inner radius, and 

t = vessel wall thickness. 

For Bending Stress, the Kr corresponding to bending stress for the postulated defect is: 

Klb =Mb* maximum bending stress, where Mb= 0.667 Mm 

(2.7-1) 

For the Radial Thermal Gradient, the maximum Kr produced by radial thermal gradient for the postulated 
inside surface defect is: 
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where: 

CR = the cooldown rate in °F /hr. 

For the Radial Thermal Gradient, the maximum Kr produced by radial thermal gradient for the postulated 
outside surface defect is: 

Kr1 = 0.753 x 10-3 HU t25 (2.7-3) 

where: 

HU = the heatup rate in °F /hr. 

The through-wall temperature difference associated with the maximum thermal Kr can be determined 
fromASME Section XI, Appendix G, Figure G-2214-1. The temperature at any radial distance from the 
vessel surface can be determined from ASME Section XI, Appendix G, Figure G-2214-2 for the 
maximum thermal Kr . 

1. The maximum thermal Kr relationship and the temperature relationship in Figure G-2214-1 are 
applicable only for the conditions given in G-2214.3(a)(l) and (2) of Appendix G to ASME 
Section XL 

2. Alternatively, the Kr for radial thermal gradient can be calculated for any thermal stress 
distribution and at any specified time during cooldown for a ¼-thickness inside surface defect 
using the relationship: 

K.it = (l.0359Co + 0.6322C1 + 0.4753C2 + 0.3855C3) *~ (2.7-4) 

or similarly, K1t during heatup for a ¼-thickness outside surface defect using the relationship: 

K.Ji = (l.043Co + 0.630C1 + 0.481C2 + 0.401C3) *~ (2.7-5) 

where the coefficients C0, C1, C2 and C3 are determined from the thermal stress distribution at any 
specified time during the heatup or cooldown using the equation: 

(2.7-6) 

where x is a variable that represents the radial distance from the appropriate (i.e., inside or 
outside) surface to any point on the crack front and a is the maximum crack depth. 

Once Kra (As calculated via Equation 2.5-1) is known, the pressure can be solved using Equation 2.5-3 
with the newly calculated Kr1 and new equation for KIM. 
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where: 

2.0 for Level A and Level B service limits (for heatup and cooldown), C 

C 1.5 for hydrostatic and leak test conditions when the reactor core is not critical 

This results in a pressure equation as follows: 

[Kit - Kra] 
p = C*Mm*(Rdt) 

(2.7-7) 

Note that Krt is equal to zero for steady state and hydrostatic leak test conditions. In addition, Kra and Krt 
must be calculated individually for inside and outside flaw locations (i.e., the ¼T and ¾T wall locations) 
and the minimum pressure must be used from these two locations. [Note: Kra for¼ T steady state is not 
the same as Kra for ¼Tthermal conditions since the wall temperature is equal to the water temperature in 
steady state, but is not the case under thermal conditions.] 

2.8 CODE CASES N-640 FOR KIC AND N-588 FOR CIRCUMFERENTIAL WELD 
FLAWS 

2.8.1 ASME Code Case N-640 

In February of 1999, the ASME Code approved Code Case N-640 which allows the use of the reference 
fracture toughness curve Krc, as found in Appendix A of Section XI, in lieu of Figure G-2110-1 in 
Appendix G for the development of pressure-temperature limit curves. (This is also described in 
Section 2.5 herein). Thus, when developing pressure-temperature limit curves, it is acceptable to 
calculate the reference stress intensity via Equation 2.5-2, in lieu of Equation 2.5-1. In addition, the Krc 
can be substituted for Krain Equations 2.5-3, 2.6.2-1, 2.6.3-3, 2.6.4-1, 2.6.4-2, 2.6.5-1 and 2.7-7. 

2.8.2 ASME Code Case N-588 

In 1997, ASME Section XI, Appendix G was revised to add a methodology for the use of circumferential 
flaws when considering circumferential welds in developing pressure-temperature limit curves. This 
change was also implemented in a separate Code Case, N-588. 

The original ASME Section XI, Appendix G approach mandated the postulation of an axial flaw in 
circumferential welds for the purposes of calculating pressure-temperature limits. Postulating the 
Appendix G reference flaw in a circumferential weld is physically unrealistic because the length of the 
reference flaw is 1.5 times the vessel thickness and is much longer than the width of the vessel girth 
welds. In addition, historical experience, with repair weld indications found during pre-service inspection 
and data taken from destructive examination of actual vessel welds, confirms that any flaws are small, 
laminar in nature and are not oriented transverse to the weld bead orientation. Because of this, any 
defects potentially introduced during fabrication process ( and not detected during subsequent 
non-destructive examinations) should only be oriented along the direction of the weld fabrication. Thus, 
for circumferential welds, any postulated defect should be in the circumferential orientation. 

WCAP-14040-A 
5 461. doc-061004 

May2004 
Revision 4 



The revision to Section XI, Appendix G now eliminates additional conservatism in the assumed flaw 
orientation for circumferential welds. The following revisions were made to ASME Section XI, 
Appendix G: 

G-2214.1 Membrane Tension ... 

The K1 corresponding to membrane tension for the postulated circumferential defect of G-2120 is 

KIM = Mm X (PR/t) 

Where, Mm for an inside surface flaw is given by: 

Mm 0.89 for Ji< 2, 

Mm 0.443 Ji for 2 :S Ji :S 3.464, 

Mm 1.53 for Ji > 3.464 

Similarly, Mm for an outside surface flaw is given by: 

Mm 0.89 for Ji< 2, 

Mm 0.443 Ji for 2 :S Ji :S 3.464, 

Mm 1.53 for Ji > 3 .464 

2-22 

Note, that the only change relative to the OPERLIM computer code was the addition of the constants for 
Mm in a circumferential weld limited condition. No other changes were made to the OPERLIM computer 
code with regard to P-T calculation methodology. 

2.9 CLOSURE HEADNESSEL FLANGE REQUIREMENTS 

10 CFR Part 50, Appendix G contains the requirements for 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 uiiirradiated RT NDT by at least 120°F for riormal operation when the pressure 
exceeds 20 percent of the pre-service hydrostatic test pressure (3106 psig), which is 621 psig for a typical 
Westinghouse reactor vessel design. 

This requirement was originally based on concerns about the fracture margin in the closure flange region. 
During the boltup process, stresses in this region typically reach over 70 percent of the steady-state stress, 
without being at steady-state temperature. The margin of 120°F and the pressure limitation of 20 percent 
of hydrotest pressure were developed using the Kia fracture toughness, in the mid 1970s. 

Improved knowledge of fracture toughness and other issues which affect the integrity of the reactor vessel 
have led to the recent change to allow the use ofK1c in the development of pressure-temperature curves, 
as contained in Code Case N-640, "Alternative Reference Fracture Toughness for Development of P-T 
Limit Curves for Section XI, Division 1." 
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The discussion given in WCAP-15315, "Reactor Vessel Closure Head/Vessel Flange Requirements 
Evaluation for Operating PWR and BWR Plants," concluded that the integrity of the closure head/vessel 
flange region is not a concern for any of the operating plants using the K1c toughness. Furthermore, there 
are no known mechanisms of degradation for this region, other than fatigue. The calculated design 
fatigue usage for this region is less than 0.1, so it may be concluded that flaws are unlikely to initiate in 
this region. It is therefore clear that no additional boltup requirements are necessary, and therefore the 
requirement of 10 CFR Part 50, Appendix G, can be eliminated from the Pressure-Temperature Curves, 
once the requirements of 1 0CFR50 Appendix G are changed. However, until 1 0CFR50 Appendix G is 
revised to eliminate the flange requirement, it must be included in the P-T limits, unless an exemption 
request is submitted and approved by the NRC. 

2.10 MINIMUM BOLTUP TEMPERATURE 

The minimum boltup temperature is equal to the material RT NDT of the stressed region. The RT NDT is 
calculated in accordance with the methods described in Branch Technical Position MTEB 5-2. The 
Westinghouse position is that the minimum boltup temperature be no lower than 60°F. Thus, the 
minimum boltup temperature should be 60°F or the material RT NDT whichever is higher. 
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3.0 COLD OVERPRESSURE MITIGATING SYSTEM (COMS) 

3.1 INTRODUCTION 

The purpose of the COMS is to supplement the normal plant operational administrative controls and the 
water relief valves in the Residual Heat Removal System (RHRS) when they are unavailable to protect 
the reactor vessel from being exposed to conditions of fast propagating brittle fracture. This has been 
achieved by conservatively choosing COMS setpoints which prevent exceeding the pressure/temperature 
limits established by 10 CFR Part 50 Appendix GC4

) requirements. The COMS is designed to provide the 
capability, during relatively low temperature operation (typically less than 350°F), to automatically 
prevent the RCS pressure from exceeding the applicable limits. Once the system is enabled, no operator 
action is involved for the COMS to perform its intended pressure mitigation function. Thus, no operator 
action is modelled in the analyses supporting the setpoint selection, although operator action may be 
initiated to ultimately terminate the cause of the overpressure event. 

The PORV s located near the top of the pressurizer, together with additional actuation logic from the wide­
range pressure channels, are utilized to mitigate potential RCS overpressure transients defined below if 
the RHRS water relief valves are inadvertently isolated from the RCS. The COMS provides the 
supplemental relief capacity for specific transients which would not be mitigated by the RHRS relief 
valves. In addition, a limit on the PORV piping is accommodated due to the potential for water hammer 
effects to be developed in the piping associated with these valves as a result of the cyclic opening and 
closing characteristics during mitigation of an overpressure transient. Thus, a pressure limit more 
restrictive than the 1 0CFR50, Appendix GC4

) allowable is imposed above a certain temperature so that the 
loads on the piping from a COMS event would not affect the piping integrity. 

Two specific transients have been defined, with the RCS in a water-solid condition, as the design basis for 
COMS. Each of these scenarios assumes as an initial condition that the RHRS is isolated from the RCS, 
and thus the relief capability of the RHRS relief valves is not available. The first transient consists of a 
heat injection scenario in which a reactor coolant pump in a single loop is started with the RCS 
temperature as much as 50°F lower than the steam generator secondary side temperature and the RHRS 
has been inadvertently isolated. This results in a sudden heat input to a water-solid RCS from the steam 
generators, creating an increasing pressure transient. The second transient has been defined as a mass 
injection scenario into a water-solid RCS caused by the simultaneous isolation of the RHRS isolation of 
letdown and failure of the normal charging flow controls to the full flow condition. Various combinations 
of charging and safety injection flows may also be evaluated on a plant-specific basis; however, the mass 
injection transient used as a design basis_should encompass the limiting pump(s) operability configuration 
permitted per the plant-specific Technical Specifications during the Modes when COMS is required to be 
in operation. The resulting mass injection/letdown mismatch causes an increasing pressure transient. 

3.2 COMS SETPOINT DETERMINATION 

Westinghouse has developed the following methodology which is employed to determine PORV setpoints 
for mitigation of the COMS design basis cold overpressurization transients. This methodology 
maximizes the available operating margin for setpoint selection while maintaining an appropriate level of 
protection in support of reactor vessel integrity. 
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3.2.1 Parameters Considered 

The selection of proper COMS setpoints for actuating the PORV s requires the consideration of numerous 
system parameters including: 

a. Volume of reactor coolant involved in transient 

b. RCS pressure signal transmission delay 

c. Volumetric capacity of the relief valves versus opening position 

d. Stroke time of the relief valves ( open & close) 

e. Initial temperature and pressure of the RCS 

f. Mass input rate into RCS 

g. Temperature of injected fluid 

h. Heat transfer characteristics of the steam generators 

i. Initial temperature asymmetry between RCS and steam generator secondary water 

j. Mass of steam generator secondary water 

k. RCP startup dynamics 

1. 10CFR50, Appendix G pressure/temperature characteristics of the reactor vessel 

m. Pressurizer PORV piping/structural analysis limitations 

n. Dynamic and static pressure difference between reactor vessel midplane and location of wide range 
pressure transmitter 

These parameters are input to a specialized version of the LOFTRAN computer code which calculates the 
maximum and minimum system pressures. 

3.2.2 Pressure Limits Selection 

The function of the COMS is to protect the reactor vessel from fast propagating brittle fracture. This has 
been implemented by choosing COMS setpoints which prevent exceeding the limits prescribed by the 
applicable pressure/temperature characteristic for the specific reactor vessel material in accordance with 
rules given in Appendix G to 1 0CFRsoC4

)_ The COMS design basis takes credit for the fact that 
overpressure events most likely occur during isothermal conditions in the RCS. Therefore, it is 
appropriate to utilize the steady-state Appendix G limit. In addition, the COMS also provides for an 
operational consideration to maintain the integrity of the PORV piping. A typical characteristic 10CFR50 
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Appendix G curve is shown by Figure 3 .1 where the allowable system pressure increases with increasing 
temperature. This type of curve sets the nominal upper limit on the pressure which should not be 
exceeded during RCS increasing pressure transients based on reactor vessel material properties. 
Superimposed on this curve is the PORV piping limit which is conservatively used, for setpoint 
development, as the maximum allowable pressure above the temperature at which it intersects with the 
10CFR50 Appendix G curve. 

When a relief valve is actuated to mitigate an increasing pressure transient, the release of a volume of 
coolant through the valve will cause the pressure increase to be slowed and reversed as described by 
Figure 3 .2. The system pressure then decreases, as the relief valve releases coolant, until a reset pressure 
is reached where the valve is signalled to close. Note that the pressure continues to decrease below the 
reset pressure as the valve recloses. The nominal lower limit on the pressure during the transient is 
typically established based solely on an operational consideration for the reactor coolant pump #1 seal to 
maintain a nominal differential pressure across the seal faces for proper film-riding performance. 

The nominal upper limit (based on the minimum of the steady-state 10CFR50 Appendix G requirement 
and the PORV piping limitations) and the nominal RCP # 1 seal performance criteria create a pressure 
range from which the setpoints for both PORV s may be selected as shown on Figures 3 .3 and 3 .4. 

Where there is insufficient range between the upper and lower pressure limits to select PORV setpoints to 
provide protection against violation of both limits, setpoint selection to provide protection against the 
upper pressure limit violation shall take precedence. 

3.2.3 Mass Input Consideration 

For a particular mass input transient to the RCS, the relief valve will be signalled to open at a specific 
pressure setpoint. However, as shown on Figure 3 .2, there will be a pressure overshoot during the delay 
time before the valve starts to move and during the time the valve is moving to the full open position. 
This overshoot is dependent on the dynamics of the system and the input parameters, and results in a 
maximum system pressure somewhat higher than the set pressure. Similarly there will be a pressure 
undershoot, while the valve is relieving, both due to the reset pressure being below the setpoint and to the 
delay in stroking the valve closed. The maximum and minimum pressures reached (PMAX and PMIN) in the 
transient are a function of the selected setpoint (Ps) as shown on Figure 3.3. The shaded area represents 
an optimum range from which to select the setpoint based on the particular mass input case. Several mass 
input cases may be run at various input flow rates to bound the allowable setpoint range. 

3.2.4 Heat Input Consideration 

The heat input case is done similarly to the mass input case except that the locus of transient pressure 
values versus selected setpoints may be determined for several values of the initial RCS temperature. 
This heat input evaluation provides a range of acceptable setpoints dependent on the reactor coolant 
temperature, whereas the mass input case is limited to the most restrictive low temperature condition only 
(i.e., the mass injection transient is not sensitive to temperature). The shaded area on Figure 3.4 describes 
the acceptable band for a heat input transient from which to select the setpoint for a particular initial 
reactor coolant temperature. 
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3.2.5 Final Setpoint Selection 

By superimposing the results of multiple mass input and heat input cases evaluated, (from a series of 
figures such as 3 .3 and 3 .4) a range of allowable PORV setpoints to satisfy both conditions can be 
determined. Each of the two PORV s may have a different pressure setpoint versus temperature 
specification such that only one valve will open at a time and mitigate the transient (i.e., staggered 
setpoints ). The second valve operates only if the first fails to open on command. This design supports a 
single failure assumption as well as minimizing the potential for both PORV s to open simultaneously, a 
condition which may create excessive pressure undershoot and challenge the RCP #1 seal performance 
criteria. However, each of the sets of staggered setpoints must result in the system pressure staying below 
the PMAX pressure limit shown on Figures 3 .3 and 3 .4 when either valve is utilized to mitigate the 
transient. 

The function generator used to program the pressure versus setpoint curves for each valve has a limited 
number of programmable break points (typically 9). These are strategically defined in the final selection 
process, with consideration given to the slope of any line segment, which is limited to approximately 
24 psi/°F. 

The selection of the setpoints for the PORV s considers the use of nominal upper and lower pressure 
limits. The upper limits are specified by the minimum of the steady-state cool down curve as calculated in 
accordance with Appendix G to 1 0CFR50C4

) or the peak RCS pressure based upon piping/structural 
analysis loads. The lower pressure extreme is specified by the reactor coolant pump # 1 seal minimum 
differential pressure performance criteria. The upper pressure limits are already based on conservative 
assumptions (such as a safety factor of 2 on pressure stress, use of a lower bound KIR curve and an 
assumed 1/4T flaw depth with a length equal to 1 1/2 times the vessel wall thickness) as discussed in 
section 2 of this report. However, uncertainties associated with instrumentation utilized by COMS will be 
determined using a process described by ISA Standard S67.04-1994. These uncertainties will be 
accounted for in the selection of COMS PORV setpoints. 

While the RHR relief valves also provide overpressure protection for certain transients, these transients 
are not the same as the design basis transients for COMS. The RHR relief valve design basis precedes the 
development of the COMS design basis, and therefore the RHR relief valves may not provide protection 
against the COMS design basis events. The design basis described herein should be considered as 
applicable only when the pressurizer PORVs are used for COMS. 

3.3 APPLICATION OF ASME CODE CASE N-514 

ASME Code Case N-s14CI7
) allows low temperature overpressure protection systems (LTOPS, as the code 

case refers to COMS) to limit the maximum pressure in the reactor vessel to 110% of the pressure 
determined to satisfy Appendix G, paragraph G-2215, of Section XI of the ASME Codecs)_ (Note, that the 
setpoint selection methodology as discussed in Section 3.2.5 specifically utilizes the steady-state curve.) 
The application of ASME Code Case N-514 increases the operating margin in the region of the pressure­
temperature limit curves where the COMS system is enabled. Code Case N-514 requires LTOPS to be 
effective at coolant temperatures less than 200°F or at coolant temperatures corresponding to a reactor 
vessel metal temperature less than RT NDT + 50°F, whichever is greater. RT NDT is the highest adjusted 
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reference temperature for weld or base metal in the beltline region at a distance one-fourth of the vessel 
section thickness from the vessel inside surface, as determined by Regulatory Guide 1.99, Revision 2. 

3.4 ENABLE TEMPERATURE FOR COMS 

The enable temperature is the temperature below which the COMS system is required to be operable. The 
definition of the enabling temperature currently approved and supported by the NRC is described in 
Branch Technical Position RSB 5-i181

• This position defines the enable temperature for LTOP systems as 
the water temperature corresponding to a metal temperature of at least RT NDT + 90°F at the beltline 
location (1/4t or 3/4t) that is controlling in the Appendix G limit calculations. This definition is very 
conservative, and is mostly based on material properties and fracture mechanics, with the understanding 
that material temperatures of RT NDT + 90°F at the critical location will be well up the transition curve 
from brittle to ductile properties, and therefore brittle fracture of the vessel is not expected. 

The ASME Code Case N-514 supports an enable temperature of RT NDT + 50°F or 200°F, whichever is 
greater as described in Section 3 .3. 

A significant improvement in the enable temperature can be obtained by application of code case N641. 
This code case incorporates the benefits of code cases N588, and N640. The resulting enable 
temperatures for the Westinghouse designs obtained using code case N641 are listed below. 

Vessel Type Axial Flaw Circumferential Flaw 

2-loop RTNDT+23F Any temperature 

3 - loop RTNDT+30F RTNDT-174F 

4-loop RTNDT+34F RTNDT - llOF 

The RCS cold leg temperature limitation for starting an RCP is the same value as the COMS enable 
temperature to ensure that the basis of the heat injection transient is not violated. The Standard Technical 
Specifications (STS) prohibit starting an RCP when any RCS cold leg temperatures is less than or equal to 
the COMS enable temperatur~ unless the secondary side water temperature of each steam generator is less 
than or equal to 50°F above each of the RCS cold leg temperatures. 
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Table A-1 Status of ASME Nuclear Code Cases Associated with the P-T Limit 
Curve/COMS Methodology 

Code Case Title 

514 Low Temperature Overpressure Protection 

588 Alternative to Reference Flaw Orientation of Appendix G 
for Circumferential Welds in Reactor Vessel 

640 Alternative Reference Fracture Toughness for 
Development of P-T Limit Curves 

641 Alternative Pressure Temperature Relationship and Low 
Temperature Overpressure Protection System 
Requirement 
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WOG-04-086 
February 18, 2004 

Document Control Desk 
U.S.. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

Attention: 

Subject: 

Chief, Information Management Branch, 
Division of Program Management 

Westinghouse Owners Group 

WCAP-14040, Rev. 3 
Project Number 694 

Transmittal of Comments on the Draft Safety Evaluation for 
WCAP-14040, Rev. 3, "Methodology Used to Develop Cold 
Overpressure Mitigating System Setpoints and RCS Heatup and 
Cooldown Limit Curves" (MUHP-3073, TAC No. MB5754) 

On February 2, 2004, the NRC provided a draft Safety Evaluation (SE) ofWCAP-
14040, Revision 3, "Methodology Used to Develop Cold Overpressure Mitigating 
System Setpoints and RCS Heatup and Cooldown Limit Curves," to the Westinghouse 
Owners Group (WOG) for review and comment (Ref. 1 ). Enclosure 1 contains a 
mark-up of the suggested clarifications to the SE for consideration by the NRC. The 
WOG requests that the NRC issue a final Safety Evaluation by April 1, 2004. 

If you require further information, feel free to contact Mr. Ken Vavrek, Owners Group 
.Project Office atA12-:374-A302. 

Sincerely, 

·~~-·· 

-··.··.~· 

Frederick. P. "Ted" Schiffley, II, Chairman 
Westinghouse Owners Group 

Enclosure 
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WOG-04-086 
February 18, 2004 

cc: WOG Steering Committee 
WOG Management Committee 
WOG Licensing Subcommittee 
WOG Materials Subcommittee 
D. Holland, USNRC OWFN 07 El (lL, IA) (via Federal Express) 
S. Dinsmore, USNRC (lL, IA) OWFN IOH4 
Project Management Office 
J. Gresham · 
J. D. Andrachek 
W.H.Bamford 
T.J. Laubham 
J. Perock 

Reference: 

1. NRC Letter, S. Dembeck (NRC) to G. Bischoff (Westinghouse), "Draft Safety Evaluation of 
Topical Report WCAP-14040, Revision 3, 'Methodology Used to Develop Cold 
Overpressure Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves,' 
(TAC No. MB5754)," February 2, 2004. 
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UNITED STA TES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

DRAFT SAFETY EVALUATION BY IBE OFFICE OF NUCLEAR REACTOR REGULATION · 

WCAP-14040, REVISION 3, "METHODOLOGY USED TO DEVELOP COLD 

OVERPRESSURE MITIGATING SYSTEM SETPOINTS AND REACTOR COOLANT 

SYSTEM HEA TUP AND COOLDOWN ·LIMIT CURVES" 

WESTINGHOUSE OWNERS GROUP 

PROJECT NO. 694 

1.0 INTRODUCTION 

By letter dated May 23, 2002, the Westinghouse OWners Group (WOG) submitted Topical 
Report (fR) WCAP-14040, Revision 3, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves," for NRC staff 
review and approval. This TR was developed to define a methodology for reactor pressure 
vessel (RPV) pressure-temperature (P-T) limit curve development and, consistent with the 
guidance provided in NRC Generic Letter (GL) 96-03, "Relocation of the Pressure Temperature 
Limit Curves and Low Temperature Overpressure Protection System Limits," for the 
development of plant-specific Pressure-Temperature Limit Reports (PTLRs}. A prior revision, 
WCAP-14040, Revision 2, had been approved as a PTLR methodology by the NRC staffs 
safety evaluation dated October 16, 1995. WCAP-14040, Revision 3, was submitted for NRC 
staff approval to reflect recent changes in the WOG methodology. Given the scope of the 
changes incorporated in WCAP-14040, Revision 3, and a significant amount of rewriting whi~ 
was done to improve clarity of some sections, the NRC staff reviewed the TR in its entirety. 
Ba~~d on questions posed by the NRC staff necessitating clarification of statements or editorial 
changes, the WOG revised WCAP~14040, Revision 3, and submitted tl=le F~ea TR for NRC 
staff review and approval by letter dated October 20, 2003. · ·· · · · · · · · · - · · ·· · 

J\ e.v1s1 an~ \-c, 
2.0 REGULATORY EVALUATION 

Four specific topics are addressed in the context of the development of a PTLR methodology:· 
(1) the calculation of neutron fluences for the RPV and RPV surveillance capsules; (2) the 
evaluation of RPV material properties due to changes caused by neutron radiation; (3) the 

·- ··-· · -· ·aeveloprrientofappropnate·P.:;T limit curves·basect·on thesernPvmatenat properties ·andthe 
establishment of cold overpressure mitigating system (COMS) setpoints to protect the RPV 
from brittle failure; and (4) the development of an RPV material surveillance program to monitor 
changes in RPV material properties due to radiation. Regulatory requirements related to the 
four topics noted above are addressed in Appendices G and H to Title 1 O of the Code of 
Federal Regulations Part 50 (10 CFR Part 50). Appendix G to 10 CFR Part 50 provides 
requirements related to RPV P-T limit development and directly or indirectly addresses topics 
(1) through (3) above. Appendix H to 10 CFR Part 50 defines regulatory requirements related 
to RPV material surveillance programs and addresses topic (4) above. 
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For the staff's review of WCAP-14040, Revision 3, several additional guidance docume·nts were 
used. NRC Standard Review Plan (SAP) Sections 5.2.2, "Overpressure Protection; 5.3.1, 
•Reactor Vessel Materials; and 5.3.2, "Pressure-Temperature Limits," provide specific review 
guidance related to RPV material property determination, P-T limit development, and COMS 
performance. Regulatory Guide (RG) 1.99, Revision 2, •Radiation Embrittlement of Reactor 
Vessel Materials,■ describes analysis procedures acceptable to the NRC staff for the purpose of 
assessing RPV material property changes due to radiation. RG 1.190, "Calculational and 
Dosimetry Methods for Determining Pressure Vessel Neutron Fluence,■ addresses NRC staff 
expectations for an acceptable fluence calculation methodology. American Society for Testing 
and Materials (ASTM) Standard Practice E 185, "Standard Practice for Conducting Surveillance 
Tests for Light-Water Cooled Nuclear Power Reactor Vessels; provides guidance on the . 
establishment of RPV material surveillance programs and editions of ASTM E 185 are 
incorporated by reference into Appendix H to 1 O CFR Part 50. American Society of Mechanical 
Engineers (ASME) Boiler and Pressure Vessel Code Section XI, Appendix G provides specific 
requirements regarding the development of P-T limit curves. 

Finally, specific guidance regarding topics and the level of detail to which they must be 
addressed as part of an acceptable PTLR methodology is given in GL 96-03. 

3.0 TECHNICAL EVALUATION 

The technical requirements to be addressed in an acceptable PTLR methodology are provided 
under the column heading •Minimum Requirements to be Included in Methodology• in the table 
entitled "Requirements for Methodology and PTLR• in Attachment 1 to GL 96-03. Summarized -
versions of the seven requirements are given below, along with the staff's technical evaluation 
of information in WCAP-14040, Revision 3, related to each requirement. 

Requirement 1: Regarding the reactor vessel material surveillance program, the 
methodology should briefly describe the surveillance program. The 
methodology should clearly reference the requirements of Appendix H to 
10 CFR Part 50. 

The provisions of the metnodology described in WCAP-14040, Revision 3, do noispecify how 
- the plant-specific RPV surveillance programs should be maintained in -order to be iri compliance 

with Appendix H to 1 O CFR Part 50. Licensees who wish to use WCAP-14040, Revision 3, as 
their PTLR methodology must submit additional information to address the methodology 

• requirements in GL 96-03 related tot.RPV material surveillance program is-sue~. <f 
J t~C\.kSs.e..J J -the.. . . 

Requirement 2: Regarding the calculation of RPV materials' adjusted reference 
- ---- - - ---.- --- -- --- ---· ---- temperatures -(ARTI-values,-the methodology should describe the method 

for calculating material ART values using RG 1.99, Revision 2. 
Ro"ltsloo ~ . ..\h~ -l-c.obie- of \\ \.\o.:c..hMe.l'lt i ..\-o 

Information regarding how material ARTs are to be determined within the WCAP-14040, 
Revision 3, PTLR methodology is provided in Section 2.3 and 2.4 of the TR. In Section 2.3, the 
determination of initial, unirradiated material properties from Charpy V -notch impact tests 
and/or nil-ductility drop weight tests is clearly defined. The methodology specified in Section 
2.3 accurately incorporates the guidance found in ASME Code Section Ill, paragraph NB-2331 
and additional information in SAP Section 5.3.1. 
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In Section 2.4 of the TR, the determination of changes in mate.rial properties due to irradiation is 
addressed, along with the determination of margins necessary to account for uncertainties in 
initial properties and irradiation damage assessment. The methodology specified in Section 2.4 

· accurately incorporates the guidance found in AG 1.99, Revision 2. 

The NRC staff, therefore, determined that the methodology described for determining material 
ART values in WCAP-14040, Revision 3, was consistent with the guidance provided in the 
ASME Code, SRP Section 5.3.1, and RG 1.99, Revision 2, and was, therefore, acceptable. 

Requirement 3: Regarding the development of RPV P-T limit curves, the methodology 
should describe the application of fracture mechanics-based calculations 
in constructing P-T limit curves based on the provisions of Appendix G to 
Section XI of the ASME Code and SRP Section 5.3.2. 

Basic and optional elements of the methodology for RPV P-T limit curve development in 
WCAP-14040, Revision 3, are given in Sections 2.5, 2.6, 2.7, 2.8, and Appendix A of the TR. 

In Section 2.5 of the TR, the fracture toughness-based guidelines from Appendix G to Section 
XI of the ASME Code are specified (based on the 1995 Edition through 1996 Addenda of the 
ASME Code). Notably, specific reference is made to the use of: (1) the ASME Code lower 
bound dynamic crack initiation/crack arrest (~ fracture toughness curve; {2) . the use of a 
postulated flaw that has a depth of one-quarter of the wall thickness and a 6: 1 aspect ratio; and 
(3) the use of a structural factor of 2 on primary membrane stress intensities (K,M) when 
evaluating normal heatup and cooldown and a structural factor of 1.5 on f<iM when evaluating 
hydrostatic/leak test conditions. 

Optional guidelines for P-T limit curve development are also addressed in WCAP-14040, 
Revision 3. The option of using the ASME Code static crack initiation fracture toughness curve 
(Kie), as given in ASME Code Case N-640, is addressed in Sections 2.5 and 2.8. The option of 
using ASME Code Case N-588, which enables the postulation of a circumferentially-oriented 
flaw {with appropriate stress magnification factors) when evaluating a circumferential weld, is 
addressed in Section 2.8. WCAP-14040, Revision 3, notes, however, that licensee use of the 
pn:>.\'i_si.Q!1!;;_9f.~ith~1 AS.M_E_Q9.cl~ c~~etN~.l?4Q_9J.N-.500 requir~s;, inJ1~.ordan~ewith 10 CFR 
50.60(b), an exemption if the provisions of the Code Case are not contained in the edition of the 
ASME Code included in a facility's licensing basis. Appendix A to WCAP-14040, Revision 3, 
provides additional details regarding the application of optional ASME Code Cases and includes 
copies of ASME Code Case N-588, N-640, and N-641 (which effectively combines the 
provisions of N-588 and N-640 into a single Code Case). 

·A detailed -discussion·of the··calculational methodology for P-T limit curve-generation· is-giYen in ·· 
Section 2.6 of the TR. Specific equations are given for the determination of primary membrane 
stresses due to internal pressure and membrane and bending stresses due to thermal 
gradients. Equations related to the generation of P-T limit curves for steady-state conditions, 
finite heatup rates, finite cooldown rates, and hydrostatic/leak test conditions are given. The 
equations given in WCAP-14040, Revision 3, are equivalent to those provided in Section XI of 
the ASME Code and consistent with the guidance given in SRP Section 5.3.2. 
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Therefore, the NRG staff has concluded that the basic methodology specified in WGAP-14040, 
Revision 3, for establishing P-T limit curves meets the regulatory requirements of Appendix G 
to 10 GFR Part 50 and the guidance provided in SRP Section 5.3.2. However, the NRG staff 
has concluded that the discussion provided in WCAP-14040; Revision 3, regarding the use of 
optional guidelines for the development of P-T limit curves, including the use of ASME Code 
Cases N-588, N-640, and N-641 is not acceptable. The NRG staff has concluded, based on 
guidance provided by the NRG's Office of the General Counsel, that licensees do not need to 
obtain exemptions to use the·provisions of ASME Code Case N-588, N-640, or N-641. The 
basis for this decision is as follows. Appendix G to 1 O CFR Part 50 references the use of 
ASME Code Section XI, Appendix G and defines the acceptable Editions and Addenda of the 
Code by reference to those endorsed in 10 CFR 50.55a. The 2003 Edition of 1 O CFR Part 50, 
1 O CFR 50.55a, endorses editions and addenda of ASME Section XI up through the 1998 
Edition and 2000 Addenda. The provisions of N-588, N-640, and N-641 have been directly 
incorporated into the Code in the 2000 Addenda version of ASME Section XI, Appendix G. 
Therefore, licensees may freely make use of the provisions in Code Cases N-588, N-640, and 
N-641 by using the methodology in the 2000 Addenda version of ASME Section XI without the 
need for an exemption. When published, the approved revision of TRWCAP-14040 should be 
modified to reflect this NRC staff conclusion. 

Requirement 4: Regarding the development of RPV P-T limit curves, the methodology 
should describe how the minimum temperature requirements in Appendix 
G to 10 CFR Part 50 are applied when constructing P-T limit curves. 

Minimum temperature requirements regarding the material in the highly stressed region of the 
RPV ,flange are given in Appendix G to 1 O GFR Part 50. Information provided in Sections 2.9 
and 2.1 o of the TR addresses the incorporation of minimum temperature requi_rements into the 
development of P-T limit curves. In Section 2.9, the 1 O CFR Part 50, Appendix G requirements 
are cited. WCAP-14040, Revision 3, goes on to note that there is an effort underway to revise 
or eliminate these requirements based on information contained in WCAP-15315, •Reactor 
Vessel Closure Head/Vessel Flange Requirements Evaluation for Operating PWR and BWR 
Plants.• However~ WCAP-14040, Revision 3, states that until Appendix G to 10 CFR Part 50 is 
revised to modify/eliminate the existing RPV flange minimum temperature requirements or an 
exemption request to modify/eliminate these requirements is approved by the NRC for a 
specific facility, the stated minimum fompefati.fre rriust be incorporated info a facility's P-T limit 

· ·curves. -

WCAP-14040, Revision 3, provides supplemental information in Section 2.10 regarding the 
establishment of RPV boltup temperature, specifically that the minimum boltup temperature 
should be 60 °For equal to the highest material reference temperature in the highly stressed 
RPV flange region, whichever is higher (i.e., more conservative). Although no specific 

_. _ ..... requir:ements_related to boltup _temperature are provided.in Appendix G to _1 O CFR Part 50, the 
information in WCAP-14040, Revision 3, is consistent with other, related requirements in 
Appendix G to 1 O GFR Part 50 and in Appendix G to Section XI of the ASME Code. 

The NRC staff concludes that the methodology specified in WCAP-14040, Revision 3, 
addresses RPV minimum temperature requirements in a way which is consistent with 
Appendix G to 10 CFR Part 50 and Appendix G to Section XI of the ASME Code and is, 
therefore, acceptable. 
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Regarding the calculation of RPV materials' ARTs, the methodology 
should describe how the data from multiple surveillance capsules may be 
used in ART calculations. 

Requirement 2 of Section 2.4 of WCAP-14040, Revision 3, addresses the determination of 
changes in material properties due to irradiation. This information includes a description of how 
surveillance capsule test results may be used to calculate RPV material properties in a manner 
which is consistent with Section C.2.1 of RG 1.99, Revision 2, and other NRC staff guidance. 

The NRC staff has reviewed the information in Section 2.4 of the TR and determined that it-is 
consistent-with NRG staff guidance, including RG 1.99, Revision 2, and is, therefore, 
acceptable. 

Requirement 6: Regarding the calculation of the neutron fluence, the methodololgy 
should describe how the neutron fluence is calculated. 

Neutron F/uence Methodology 

WCAP-14040, Revision 3, includes a revised Section 2.2. The revised section includes plant­
specific transport calculations and the validity of the calculations. For the neutron transport 
calculations, the applicant is using the two-dimensional discrete ordinates code, DORT 
(Reference 1) with the BUGLE-96 cross section library (Reference 2). Approximations include 
a P 5 Legendre expansion for anisotropic scattering and a S16 order of angular quadrature. 
Space and energy dependent core power (neutron source) distributions and associated core 
parameters are treated on a fuel cycle specific basis. Two dimensional flux solutions <l>(r, 8, z) 
are constructed using (r,8) and (r,z) distributions. Extreme cases, with respect to power 
distribution arising from part-length fuel assemblies, use the three-dimensional TORT Code 
{Reference 1) with the BUGLE-96 cross section library. Source distribution is obtained from a 
bum-up weighted average of the power distributions of individual fuel cycles. The method 
accounts for source energy spectral effects and neutrons/fission due to burnup by tracking the 
concentration of U-235, U-238, Pu-239, Pu-240, and Pu-241. Mesh spacing accounts for flux 
gn1dients and mat~rial intef!aces. 

The proposed methodology, as outlined above, adheres to the guidance of RG 1; 190; and 
therefore, is acceptable. 

Validation of Transport Calculations 

The Westinghouse validation is structured in four parts: 

• comparison to pool c~itical assembly {PCA) simulator results (Reference 3), 

• comparison to calculations in the H.B. Robinson benchmark (Reference 4), 

• comparison to a measurement database from pressurized water reactor (PWR) 
surveillance capsules, and 
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• an analytical sensitivity study-addressing the uncertainty components of the transport 
calculations. 

Comparisons of calculated results to the corresponding PCA measured quantities establish the 
adequacy of the basic transport calculation and the associated cross sectioris. Comparison to 
the H.B. Robinson benchmark addresses uncertainties related to the method and generally to 
the neutron exposure. Comparisons to the PWR database provid~an indication of.the er--
presence of a bias and of the uncertainty of the calculated value with respect to the 
corresponding measured values. Finally, the analytical sensitivity study validates the overall 
uncertainties whether from the methodology or the lack of precise knowledge of the input 
parameters. 

Comparison of the measured data to the calculations was performed on the basis of 
measured/calculated (MIC) ratios, and with best estimate values calculated using least squares 
adjusted measured values. The least squares adjustment is based on weighing individual 

-measurements based on spectral coverage. Comparisons are done before and after spectral 
adjustments. This method is addressed in RG 1.190, as well as in the ASTM Standard 
E944-96. 

The NRC staff requested that the WOG address the completeness of its database. By letter 
dated October 20, 2003, the WOG responded by indicating that all of the surveillance capsules 
analyzed with the proposed methodology (DORT and BUGLE-96) are included in the database. 
The NRC staff found the response acceptable. 

The NRG staff concludes that the proposed benchmarking methodology adheres to the 
guidance in RG 1.190 and to ASTM standards, and therefore, is acceptable. 

Requirement 7: Regarding the low temperature overpressure protection/cold 
overpressure mitigating system, the lift setting limits for the power 
operated relief valves should be developed using NRG-approved 
methodologies . 

. ~- . - - -- - --- - - - -- . - - -
The method in this section is identical to the existing method in the approved Revision 2 of 
WCAP-14040. The thermal hydraulics analysis for the mass and heat input transients is using 
the same specialized version of LOFTRAN, which was approved in Revision 2. 

· The cold overpressure mitigating system is the same as in the approved version, and therefore, 
.. theNRCstaffJindsJt acceptable. 

4.0 CONCLUSION 

The NRC staff has reviewed the information provided in WCAP-14040, Revision 3, related to 
the requirements of GL 96-03, as cited in Section 3.0 of this SE, and finds WCAP-14040, 
Revision 3, to be acceptable for referencing as a PTLR methodology, subject to the following 
conditions: 

B-9 

WCAP-14040-A 
5461.doc-061004 

May2004 
Revision 4 



a. 

b. 

c. 

5.0 

1. 

2. 

3. 

4. 

Licensees who wish to use WCAP-14040, Revision 3, as their PTLR methodol must 
provide additional information to address the methodology requirements Jn• L 96-03 
related to,!lPV material surveillance program isstJes. t>' ~ ~hse,ussed 

Contrary tb~~e information in WCAP-14040, Revision 3, licensee use of the provisions 
of ASME Code Cases N-588, N-640, or N-641 in conjunction with the basic 
methodology in WCAP-14040, Revision 3, does not require an exemption since the 
provisions of these Code Cases are contained in the edition and addenda of the ASME 
Code incorporated by reference in 1 O CFR 50.55a. When published, the approved 
revisionl TR W<?AP:14040 should be modified to reflect this NRC staff conclusion. 

IRev1s1~0 i.f) 
As stated ih WCAP-14040, Aevision 3, until Appendix G to 1 O CFR Part 50 is revised to 
modify/eliminate the existing RPV flange minimum temperature requirements or an 
exemption request to modify/eliminate these requirements is approved by the NRC for a 
specific facility, the stated minimum temperature must be incorporated into a facility's 
P-T limit curves. 
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UNITED STATES 
NHCLEAR REGULATORY COMMISSION 

Mr. Gordon Bischoff, Manager 

WASHINGTON, D.C. 20555-00011! 

February 2, 2004 
ti! 

RECEIVED 

Owners Group Program Management Office 
Westinghouse Electric Company FEB O 4 2004 
P.O. Box 355 WOG PROJECT OFFICE 
Pittsburgh, PA 15230-0355 

SUBJECT: DRAFT SAFETY EVALUATION OF TOPICAf REPORT WCAP-14040, a.,., 
REVlSION 3, "METHODOLOGY USED TO DEVELOP COLD OVERPRESSURE 
MITIGATING SYSTEM SETPOINTS AND RCS HEATUP AND COOLDOWN 
LIMIT CURVES" {TAC NO. MB5754) 

Dear Mr. Bischoff: 

On May 23, 2002, the Westinghouse Owners Group (WOG) submitted Topical Report (TR) 
WCAP-14040, Revision 3, "Methodology Used to Develop Cold Overpressure Mitigating 
System Setpoints and RCS Heatup and Cooldown Limit Curves" to the staff for review. Based 
on questions posed by the NRC staff necessitating clarification of statements or editorial 
changes, the WOG revised WCAP-14040, Revision 3, and submitted the revised TR for staff 
review by letter dated October 20, 2003. Enclosed for the WOG's review and comment is a 
copy of the staff's draft safety evaluation (SE) for TR WCAP-14040, Revision 3. 

Twenty working days are provided to you to comment on any factual errors or clarity concerns 
contained in the SE. The final SE will be issued after making any necessary changes, and will 
be made publicly available. The staff's disposition of your comments on the draft SE will be 
discussed in the final SE. 

To facilitate the staff's review of your comments, please provide a marked-up copy of the draft 
SE showing proposed changes. Number the lines in the marked-up SE sequentially and 

· provide a summary table of the proposed changes. -

If you have any questions, please contact Drew Holland at (301) 415-1436. 

Project No. 694 

Enclosure: Draft Safety Evaluation 

cc w/encl: See next page 

~ 
S ephen Dembek, Chief, Section 2 

· · Project Directorate IV · · · · -- · 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 
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Westinghouse Owners Group 

cc: 
Mr. John S. Galembush, Acting Manager 
Regulatory Compliance and Plant Licensing 
Westinghouse Electric Company 
P.O. Box355 
Pittsburgh, PA 15230-0355 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

WCAP-14040, REVISION 3. "METHODOLOGY USED TO DEVELOP COLD 

OVERPRESSURE MITIGATING SYSTEM SETPOINTS AND REACTOR COOLANT 

SYSTEM HEATUP AND COOLDOWN LIMIT CURVES" 

WESTINGHOUSE OWNERS GROUP 

PROJECT NO. 694 

1.0 INTRODUCTION 

By letter dated May 23, 2002, the Westinghouse Owners Group (WOG) submitted Topical 
Report (TR) WCAP-14040, Revision 3, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves," for NRC staff 
review and approval. This TR was developed to define a methodology for reactor pressure 
vessel (RPV) pressure-temperature (P-T) limit curve development and, consistent with the 
guidance provided in NRC Generic Letter (GL) 96-03, "Relocation of the Pressure Temperature 
Limit Curves and Low Temperature Overpressure Protection System Limits," for the 
development of plant-specific Pressure-Temperature Limit Reports (PTLRs). A prior revision, 
WCAP-14040, Revision 2, had been approved as a PTLR methodology by the NRC staff's 
safety evaluation dated October 16, 1995. WCAP-14040, Revision 3, was submitted for NRC 
staff approval to reflect recent changes in the WOG methodology. Given the scope of the 
changes incorporated in WCAP-14040, Revision 3, and a significant amount of rewriting which 
was done to improve clarity of some sections, the NRC staff reviewed the TR in its entirety. 
Based Qn qy~~tions posed by the NR,g staff_ necessitaUng clarification of statements or editorial 
changes, the WOG revised WCAP-14040, Revision 3, and submitted the revised TR for NRC 
staffrevieWarid approval by letter-dated October20~2003. 

2.0 REGULATORY EVALUATION 

B-13 

Four specific topics are addressed in the context of the development of a PTLR methodology: 
(1) the calculation of neutron fluences for the RPV and RPV surveillance capsules; (2) the 
evaluation of RPV material properties due to changes. caused_ by neutrnn radiation; (3) the 

--- - development of appropriate P-T limit curves based oii these RP\/ material properties· ancrthe ---
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establishment of cold overpressure mitigating system (COMS) setpoints to protect the RPV 
from brittle failure; and {4} the development of an RPV material surveillance program to monitor 
changes in RPV material properties due to radiation. Regulatory requirements related to the 
four topics noted above are addressed in Appendices G and H to Title 10 of the Code of 
Federal Regulations Part 50 (1 O CFR Part 50). Appendix G to 1 O CFR Part 50 provides 
requirements related to RPV P-T limit development and directly or indirectly addresses topics 
(1) through (3) above. Appendix H to 10 CFR Part 50 defines regulatory requirements related 
to RPV material surveillance programs and addresses topic (4) above. 
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For the staff's review of WCAP-14040, Revision 3, several additional guidance documents were 
used. NRC Standard Review Plan (SRP) Sections 5.2.2, "Overpressure Protection," 5.3.1, 
nReactor Vessel Materials," and 5.3.2, "Pressure-Temperature Limits," provide specific review 
guidance related to RPV material property determination, P-T limit development, and COMS 
performance. Regulatory Guide (RG) 1.99, Revision 2, "Radiation Embrittlement of Reactor 
Vessel Materials," describes analysis procedures acceptable to the NRC staff for the purpose of 
assessing RPV material property changes due to radiation. RG 1.190, "Calculational and 
Dosimetry Methods for Determining Pressure Vessel Neutron Fluence," addresses NRC staff 
expectations for an acceptabIe·tIuence calculation methodology. American Society for Testing 
and Materials (ASTM) Standard Practice E 185, "Standard Practice for Conducting Surveillance 
Tests for Light-Water Cooled Nuclear Power Reactor Vessels," provides guidance on the 
establishment of RPV material surveillance programs and editions of ASTM E 185 are 
incorporated by reference into Appendix H to 1 O CFR Part 50. American Society of Mechanical 
Engineers (ASME) Boiler and Pressure Vessel Code Section XI, Appendix G provides specific 
requirements regarding the development of P-T limit curves. 

Finally, specific guidance regarding topics and the level of detail to which they must be 
addressed as part of an acceptable PTLR methodology is given in GL 96-03. 

3.0 TECHNICAL EVALUATION 

The technical requirements to be addressed in an acceptable PTLR methodology are provided 
under the column heading "Minimum Requirements to be Included in Methodology" in the table 
entitled "Requirements for Methodology and PTLR" in Attachment 1 to GL 96-03. Summarized 
versions of the seven requirements are given below, along with the staff's technical evaluation 
of information in WCAP-14040, Revision 3, related to each requirement. 

Requirement 1 : Regarding the reactor vessel material surveillance program, the 
methodology should briefly describe the surveillance program. The 
methodology should clearly reference the requirements of Appendix H to 
10 CFR Part 50. 

The provisions of the methodology described in WCAP::.14040, ReVision 3, do riot specify how 
the plant-specific RPV surveillance programs should be· maintained in order to be in compliance 
with Appendix H to 10 CFR Part 50. Licensees who wish to use WCAP-14040, Revision 3, as 
their PTLR methodology must submit additional information to address the methodology 
requirements in GL 96-03 related to RPV material surveillance program issues. 

Requirement 2: Regarding the calculation of RPV materials' adjusted reference 
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____ . ___ .!_~mp~r~!we_s (~fff) x~JY.$~,Jh.e mett1Qdol9gy_should_de.scribe the method ... 
for calculating material ART values using AG 1.99, Revision 2. 

Information regarding how material ARTs are to be determined within the WCAP-14040, 
Revision 3, PTLR methodology is provided in Section 2.3 and 2.4 of the TR. In Section 2.3, the 
determination of initial, unirradiated material properties from Charpy V-notch impact tests 
and/or nil-ductility drop weight tests is clearly defined. The methodo1ogy specified in Section 
2.3 accurately incorporates the guidance found in ASME Code Section 111, paragraph NB-2331 
and additional information in SRP Section 5.3.1. 
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In Section 2.4 of .the TR, the determination of changes in material properties due to irradiation is 
addressed, along with the determination of margins necessary to account for uncertainties in 
initial properties and irradiation damage assessment. The methodology specified in Section 2.4 

· accurately incorporates the guidance found in RG 1.99, Revision 2. 

The NRC staff, therefore, determined that the methodology described for determining material 
ART values in WCAP-14040, Revision 3, was consistent with the guidance provided in the 
ASME Code, SRP Section 5.3.1, and RG 1.99, Revision 2, and was, therefore, acceptable. 

Requirement 3: Regarding the development of RPV P-T limit curves, the methodology 
should describe the application of fracture mechanics-based calculations 
in constructing P-T limit curves based on the provisions of Appendix G to 
Section XI of the ASME Code and SAP Section 5.3.2. 

Basic and optional elements of the methodology for RPV P-T limit curve development in 
WCAP-14040, Revision 3, are given in Sections 2.5, 2.6, 2.7, 2.8, and Appendix A of the TR. 

In Section 2.5 of the TR, the fracture toughness-based guidelines from Appendix G to Section 
XI of the ASME Code are specified (based on the 1995 Edition through 1996 Addenda of the 
ASME Code). Notably, specific reference is made to the use of: (1) the ASME Code lower 
bound dynamic crack initiation/crack arrest (K,A) fracture toughness curve; (2) the use of a 
postulated flaw that has a depth of one-quarter of the wall thickness and a 6:1 aspect ratio; and 
(3) the use of a structural factor of 2 on primary membrane stress intensities (K,M) when 
evaluating normal heatup and cooldown and a structural factor of 1.5 on K,M when evaluating 
hydrostatic/leak test conditions. 

Optional guidelines for P-T limit curve development are also addressed in WCAP-14040, 
Revision 3. The option of using the ASME Code static crack initiation fracture toughness curve 
(Krc), as given in ASME Code Case N-640, is addressed in Sections 2.5 and 2.8. The option of 
using ASME Code Case N-588, which enables the postulation of a circumferentially-oriented 
flaw ('Nith appropriate stress m~gnifjcation_fctctors) when evaluating.acircurnferential w~ld, is 
addressed Iii Section 2.8. WCAP-14040, Revision 3, notes, however, that licensee use of the 
provisions·oteither·AsME Code case N=H4o·or N.:ssa requires, in a.ccoraancewith fcf CFR ·-· 
50.60(b), an exemption if the provisions of the Code Case are not contained in the edition of the 
ASME Code included in a facility's licensing basis. Appendix A to WCAP-14040, Revision 3, 
provides additional details regarding the application of optional ASME Code Cases and includes 
copies of ASME Code Case N-588, N-640, and N-641 (which effectively combines the 
provisions of N-588 and N-640 into a single Code Case). 

A detailed discussion of the calculational methodology for P-T limit curve generation is given in 
Section 2.6 of the TR. Specific equations are given for the determination of primary membrane 
stresses due to internal pressure and membrane and bending stresses due to thermal 
gradients. Equations related to the generation of P-T limit curves for steady-state conditions, 
finite heatup rates, finite cooldown rates, and hydrostatic/leak test conditions are given. The 
equations given in WCAP-14040, Revision 3, are equivalent to those provided in Section XI of 
the ASME Code and consistent with the guidance given in SRP Section 5.3.2. 
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Therefore. the NRC staff has concluded that the basic methodology specified in WCAP-14040, 
Revision 3, for estaolishing P-T limit curves meets the regulatory requirements of Appendix G 
to 1 O CFR Part 50 and the guidance provided in SAP Section 5.3.2. However, the NRC staff 
has concluded that the discussion provided in WCAP-14040, Revision 3, regarding.the use of 
optional guidelines for the development of P-T limit curves, including the use of ASME Code 
Cases N-588, N-640, and N-641 is not acceptable. The NRC staff has concluded. based on 
guidance provided by the NRC's Office of the General Counsel, that licensees do not need to 
obtain exemptions to use the provisions of ASME Code Case N-588, N-640, or N-641. The 
basis for this decision is as follows. Appendix G to 10 CFR Part 50 references the use of 
ASME Code Section XI, Appendix G and defines the acceptable Editions and Addenda of the 
Code by reference to those endorsed in 10 CFR 50.55a. The 2003 Edition of 10 CFR Part 50, 
1 O CFR 50.55a, endorses editions and addenda of ASME Section XI up through the 1998 
Edition and 2000 Addenda. The provisions of N-588, N-640, and N-641 have been directly 
incorporated into the Code in the 2000 Addenda version of ASME Section XI, Appendix G. 
Therefore, licensees may freely make use of the provisions in Code Cases N-588, N-640, and 
N-641 by using the methodology in the 2000 Addenda version of ASME Section XI without the 
need for an exemption. When published, the approved revision of TR WCAP-14040 should be 
modified to reflect this NRC staff conclusion. 

Requirement 4: Regarding the development of RPV P-T limit curves, the methodology 
should describe how the minimum temperature requirements in Appendix 
G to 10 CFR Part 50 are applied when constructing P-T limit curves. 

Minimum temperature requirements regarding the material in the highly stressed region of the 
RPV flange are given in Appendix G to 1 O CFR Part 50. Information provided in Sections 2.9 
and 2.10 of the TR addresses the incorporation of minimum temperature requirements into the 
development of P-T limit curves. In Section 2.9, the 10 CFR Part 50, Appendix G requirements 
are cited. WCAP-14040, Revision 3, goes on to note that there is an effort underway to revise 
or eliminate these requirements based on information contained in WCAP-15315, "Reactor 
Vessel Closure Head/Vessel Flange Requirements Evaluation for Operating PWR and BWR 
Plants! However, WCAP-14040, Revision 3, states that until Appendix G to 10 CFR Part 50 is 
revised to modify/eliminate the existing RPV flange minimum temperature requirements or an 
exemption-request to modify/eliminate these requirements is approved by the NRC fora 

. specific facility, the stated minimum temperature must be incorporated into a facility's P-T limit 
curves. 

WCAP-14040, Revision 3, provides supplemental information in Section 2.1 O regarding the 
establishment of RPV boltup temperature, specifically that the minimum boltup temperature 
should be 60 °For equal to the highest material reference temperature in the highly stressed 

. Rf>V flange n:~gic:>r1..!~bic_t1_~y9-~ i~ hJgh_~r._(h~~• TTle>r~ ~on~~l"\/a_tiy~}, Ajtl}9_4gh nq 1;,p~cifi.c _ 
requirements related to boltup temperature are provided in Appendix G to 10 CFR Part 50, the 
information in WCAP-14040, Revision 3, is consistent with other, related requirements in 
Appendix G to 10 CFR Part 50 and in Appendix G to Section XI of the ASME Code. 

The NRC staff concludes that the methodology specified in WCAP-14040, Revision 3, 
addresses RPV minimum temperature requirements in a way which is consistent with 
Appendix G to 10 CFR Part 50 and Appendix G to Section XI of the ASME Code and is, 
therefore, acceptable. 
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Requirement 5: 

-5-

Regarding the calculation of RPV materials' ARTs, the methodology 
should describe how the· data from multiple surveillance capsules may be 
used in ART calculations. 

Requirement 2 of Section 2.4 of WCAP-14040, Revision 3, addresses the determination of 
changes in material properties due to irradiation. This information includes a description of how 
surveillance capsule test results may be used to calculate RPV material properties in a manner 
which is consistent with Section C.2.1 of RG 1.99, Revision 2, and other NRC staff guidance. 

The NRC staff has reviewed the information in Section 2.4 of the TR and determined that it·is 
consistent with NRC staff guidance, including AG 1.99, Revision 2, and is, therefore, 
acceptable. 

Requirement 6: Regarding the calculation of the neutron fluence, the methodololgy 
should describe how the neutron fluence is calculated. 

Neutron Fluence Methodology 

WCAP-14040, Revision 3, includes a revised Section 2.2. The revised section includes plant­
specific transport calculations and the validity of the calculations. For the neutron transport 
calculations, the applicant is using the two-dimensional discrete ordinates code, DORT 
(Reference 1) with the BUGLE-96 cross section library (Reference 2). Approximations include 
a P5 Legendre expansion for anisotropic scattering and a S16 order of angular quadrature. 
Space and energy dependent core power (neutron source) distributions and associated core 
parameters are treated on a fuel cycle specific basis. Two dimensional flux solutions <l>(r, e, z) 
are constructed using (r,8) and (r,z) distributions. Extreme cases, with respect to power 
distribution arising from part-length fuel assemblies, use the three-dimensional TORT Code 
(Reference 1) with the BUGLE-96 cross section library. Source distribution is obtained from a 
burn-up weighted average of the power distributions of individual fuel cycles. The method 
accounts for source energy spectral effects and neutrons/fission due to burnup by tracking the 
concentration of U-235, U-238, Pu-239, Pu-240, and Pu-241. Mesh spacing accounts for flux 
gradients and material fnterfaces. 

The proposed methodology, as outlined above, adheres to the guidance of RG 1.190, and 
therefore, is acceptable. 

Validation of Transport Calculations 

· The Westinghouse validation is structured· in four parts: 

• comparison to poof critical assembly (PCA) simulator results (Reference 3), 

• comparison to calculations in the H.B. Robinson benchmark (Reference 4), 

• comparison to a measurement database from pressurized water reactor (PWR) 
surveillance capsules, and 
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• an analytical sensitivity study addressing the uncertainty components of the transport 
calculations. 

Comparisons of calculated results to the corresponding PCA measured quantities establish the 
adequacy of the basic transport calculation and the associated cross sections. Comparison to 
the H.B. Robinson benchmark addresses uncertainties related to the method and generally to 
the neutron exposure. Comparisons to the PWR database provides an indication of the 
presence of a bias and of the uncertainty of the calculated value with respect to the 
corresponding measured values. Finally, the analytical sensitivity study validates the overall 
uncertainties whether from the methodology or the lack of precise knowledge of the input 
parameters. 

Comparison of the measured data to the calculations was performed on the basis of 
measured/calculated (MIC) ratios, and with best estimate values calculated using least squares 
adjusted measured values. The least squares adjustment is based on weighing individual 

· measurements based on spectral coverage. Comparisons are done before and after spectral 
adjustments. This method is addressed in RG 1.190, as well as in the ASTM Standard 
E944-96. 

The NRG staff requested that the WOG address the completeness of its database. By letter 
dated October 20, 2003, the WOG responded by indicating that all of the surveillance capsules 
analyzed with the proposed methodology (DORT and BUGLE-96} are included in the database. 
The NRG staff found the response acceptable. 

The NRG staff concludes that the proposed benchmarking methodology adheres to the 
guidance in RG 1 .190 and to ASTM standards, and therefore, is acceptable. 

Requirement 7: Regarding the low temperature overpressure protection/cold 
overpressure mitigating system, the lift setting limits for the power 
operated relief valves should be developed using NRG-approved 
methodologies~ 

The method in this section is identical to the existing method in the approved Revision 2 of 
WCAP-14040. The thermal hydraulics analysis for the mass and heat input transients is using 
the same specialized version of LOFTRAN, which was approved in Revision 2. 

The cold overpressure mitigating system is the same as in the approved version, and therefore, 
.... the Nae staff finds it acceptable __ 

4.0 CONCLUSION 

The NRC staff has reviewed the information provided in WCAP-14040, Revision 3, related to 
the requirements of GL 96-03, as cited in Section 3.0 of this SE, and finds WCAP-14040, 
Revision 3, to be acceptable for referencing as a PTLR methodology, subject to the following 
conditions: 
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a. Licensees who wish to use WCAP-14040, Revision 3, as their PTLR methodology must 
provide additional information to address the methodology requirements in GL 96-03 
related to RPV material surveillance program issues. · 

b. Contrary to the information in WCAP-14040, Revision 3, licensee use of the provisions 
of ASME Code Cases N-588, N-640, or N-641 in conjunction with the basic 
methodology in WCAP-14040, Revision 3, does not require an exemption since the 
provisions of these Code Cases are contained in the edition and addenda of the ASME 
Code incorporated by reference in 10 CFR 50.55a. When published, the approved 
revision of TR WCAP-14040 should be modified to reflect this NRC staff conclusion. 

c. As stated in WCAP-14040, Revision 3, until Appendix G to 1 o CFR Part 50 is revised to 
modify/eliminate the existing RPV flange minimum temperature requirements or an 
exemption request to modify/eliminate these requirements is approved by the NRC for a 
specific facility, the stated minimum temperature must be incorporated into a facility's 
P-T limit curves. 
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October 20, 2003 
WOG-03-550 

Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

Attention: Chief, Information Management Branch, 
Division of Program Management 

WCAP-14040 Rev. 3 
Project Number 694 

Subject: Westinghouse Owners Group Response to Request" for Additional Information 
on WCAP-14040 Rev. 3, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves," 
{TAC No. MB5754) 

References: 
1. WOG Letter, R. Bryan to Document Control Desk, "Transmittal of WCAP-14040, Rev. 3, 

Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and RCS 
Heatup and Cooldown Limit Curves," OG-02-018, May 23, 2002. 

2. NRC Letter, D. Holland to G. Bischoff, "Request for Additional Information - WCAP-
14040, Revision 3, Methodology Used to Develop Cold Overpressure Mitigating System 
Setpoints and RCS Heatup and Cooldown Limit Curves," TAC NO. 5754, June 18, 2003. 

In May 2002, the Westinghouse Owners Group submitted WCAP-14040, Rev. 3, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and RCS 
Heatup and Cooldown Limit Curves," for approval (Ref. 1). In June 2003, the NRC issued 
Requests for Additional Information (RAis) concerning WCAP-14040, Rev. 3 (Ref. 2). 

Attachment· 1 to this letter contains the responses ·to the RA.Is .. Attachment 2 containi.frevisioris 
to the affected pages of WCAP-14040, Rev. 3 that incorporate the responses to the RAis. 
Attachment 3 contains revisions to Section 2.2 "Neutron Fluence Methodology" ofWCAP-
14040, Rev. 3. Although not made in response to any RAJ, the changes to Section 2.2 of 
WCAP-14040, Rev. 3 were made to: 

• . _ :Qfs_cuss h_o.}':' !J!e <;t_Jll"~I!t .I!~!!!.r9E. fl~~!!i;e m_e_!li~oJ~gyf.9llo~~Jli~ gtiidap_ce co_l!ffi..ii!ecl~!J: . 
Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining Pressure 
Vessel Neutron Fluence," dated March 2001. 

• Revise the text and benchmarking results to reflect the use of the BUGLE-96 ENDF/B-VI 
based cross-section library. The BUGLE-96 library provides an improved calculation 
relative to the previously used BUGLE-93 data set for some comparisons, particularly in 
the vessel wall and at ex-vessel dosimetry locations. 

• Revise the discussion of the current version of the DORT code currently used. 
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• Revise the text to reflect that consistent with the guidance of Regulatory Guide 1.190, the final results 
for the pressure vessel fluence projections are based on the plant specific transport calculations, and 
that the dosimetry data is only used to validate the calculated results. 

The approved version ofWCAP-14040 that will be issued following receipt of the NRC Safety 
Evaluation will incorporate the changes contained in Attachments 2 and 3. 

If you require further information, feel free to contact Mr. Ken Vavrek, Westinghouse Owners Group 
Project Office at 412-374-4302. 

Sincerely, 

FrederickP. "Ted" Schiffley, II 
Chairman, Westinghouse Owners Group 

Attachments 

cc: WOO Management Committee 
WOO Materials Subcommittee 
WOG Licensing Subcommittee 
WOO Project Management Office 
S.L. Anderson 
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J.D.Andrachek 
· W:R Bamford · 

T.J. Laubham 
J. Perock 
H.A. Sepp 
D. Holland, USNRC OWFN 07 El (IL, lE) (via Federal Express) 
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Attachment 1 

Responses to NRC Request For Additional Information on WCAP-14040, Rev. 3, "Methodology 
Used to Develop Cold Overpressure Mitigating System Setpoints and RCS Heatup and Cooldown 

Limit Curves" 

I. Section 2.3, page 2-5, Branch Technical Position MTEB 5-2 does not give fracture toughness 
"requirements." Revise WCAP-14040, Revision 3, to refer to the information in MTEB 5-2 as 
"guidelines" rather than "requirements." · 

Response to RAJ I: 

The first sentence in the last paragraph of Section 2.3 on page 2-5 will be revised to "fracture 
toughness guidelines" rather than "fracture toughness requirements." 

2. Section 2.4, page 2-6, when referring to the "Ai" term in Equation 2.4-3, revise your definition which 
refers to it as the "measured value of AR.1NDT" - instead cal) it the "measured shift in the Charpy V­
notch 30 ft-lb energy level between the unirradiated condition and the irradiated condition, fi." 

Response to RAJ 2: 

The fifth paragraph in Section 2.4 on page 2-6 will be revised to "the measured shift in the 
Charpy V-notch 30 ft-lb energy level between the unirradiated condition and the irradiated 
condition, £;." 

3. Section 2.4, page 2-7, revise the sentence which reads, "If the measured value exceeds the predicted 
value (~RlNDT + 2cr~), a supplement to the PTLR must be provided to demonstrate how the results 
affect the approved methodology," to state "If the measured value exceeds the predicted value 
(.1RTNDT + 2mi), a supplement to the PTLR methodology must be provided for NRC staff review 
and approval to demonstrate how the results affect the approved methodology." 

Response to RAJ 3: 

The last sentence in the second paragraph on page 2-7 will be revised to state that "a supplement 
to the PTLR must be submitted for NRC review and approval. .. " 

4. Section 2.5, page 2-7, it is stated that Kia is the reference fracture toughness curve in Appendix G to 
Section XI of ftie ASME Code: Clarify this to note that this refers to Editions of the Code through the 

· · l 995-Edition/1996 Addenda. ·The most recent Edition and Addenda of the Code (1998 Edition · -
through 2000 Addenda) incorporated by reference into 10 CFR 50.55a, howe:ver, uses Kie as the 
reference fracture toughness curve. 

WCAP-14040-A 
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Response to RAJ 4: 

The reference to Appendix G, to Section XI of the ASME Code will be clarified that it is 
-·refemiigfo the-I 995 Edition· through the· 1996 Addencfa in the first sentence of the second -
paragraph of Section 2.5 on page 2-7. 
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5. Section 2.5, page 2-8, the "note" regarding the use of a 1.223 vs. 1.233 coefficient in the Kia equation 
is meaningless and confusing unless one also explains that there was a typographical error in the 1989 
Edition of Section Xl, Appendix G (i.e., where the 1.233 was used). Revise WCAP-14040, Revision 
3, to either eliminate this note or revise the note to offer additional explanation regarding the 
historical basis for the 1.223 vs. 1.233 issue. 

Response to RAJ 5: 

The Note in the first paragraph on page 2-8 discussing the historical basis of 1.223 versus 1.233 
will be deleted. 

6. Section 2.5, page 2-8, when discussing ASME Code Case N-640, it is riot correct to say that an 
exemption is required to implement N-640 because the NRC has not "endorsed" the Code Case. 
"Endorsement" implies that it has been included in Regulatory Guide 1.14 7, "Inservice Inspection 
Code Case Acceptability -- ASME Section XI, Division l ." Code Case N-640 would have to be 
included in the edition of the ASME Code which the licensee has adopted in their facility's licensing 
basis in order to comply with 10 CFR 50.55a before an exemption is no longer required. 

Response to RAI 6: 

The fifth paragraph on page 2-8 will be revised to delete the text "has not yet been endorsed by 
the NRC, and therefore use of this Code Case will" and to add the statement "if it is not contained 
in the edition of the ASME Code included in the unit licensing basis." 

7. The statement in Section 2.5, page 2-10, regarding need for an exemption relative to 
modifying existing 10 CFR Part 50, Appendix G flange requirements should, for consistency 
be repeated in Section 2.8. · 

Response to RAI 7: 

A statement that the flange requirement must be included in the P-T limits unless an exemption 
request is submitted and approved by the NRC will be added to the fourth paragraph in Section 
2.8 on page 2-20. 

8. Section 2.6.1, page 2-12, it is stated "[t]hese stress components are used for detennining the thermal 
stress intensity factors, Kit, as described in the following subsection." The following subsection is 
2.6.2, "Steady-State Analyses," and it does not address the calculation of Kit. Revise WCAP,.,14040, 
R:evisio113, ~o. a~dre~s this app~~11t inc<>nsistency. 

WCAP-14040-A 
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Response to RAJ 8: 

The last sentence in the last paragraph of Subsection 2.6.1 on page 2-12 will be revised to "in 
subsections 2.6.3 and 2.6.4." 
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9. Section 2.6.2, page 2-14, and Section 2.6.5, page 2-15, Mm factors of 1.84, 0.918, and 3.18 are given 
for various reactor pressure vessel wall thickness ranges to be used when steady-state analyses are 
performed. It is unclear as to wqere these Mm factors come from (unable to locate them in any edition 
of ASME Section XI, Appendix G). Further, they are not consistent with what should be the same 
Mm factors cited on page 2-15. Revise WCAP-14040, Revision 3, to address this apparent· 
inconsistency in the cited Mm factors. 

Response to RAI 9: 

The Mm factors discussed in Subsection 2.6.2 on page 2-14, and in Subsection 2.6.5 on page 2-15 
will be deleted. · 

10. Section 2.7, page 2-19, it should be noted that an exemption is required when a licensee wishes to 

WCAP-14040-A 
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make use of ASME Code Case N-588. Revise WCAP-14040, Revision 3, accordingly. 

Response to RAI I 0: 

A sentence will be added to the first paragraph in Section 2. 7 on page 2-19 that states "An 
exemption request must be submitted and approved by the NRC if Code Case N-5 88 is not 
contained in the edition of the ASME Code included in the unit licensing basis." 

B-24 

May 2004 
Revision 4 



WCAP-14040-A 
5461.doc-061004 

Attachment 2 

Revised WCAP-14040, Revision 3 Pages Inco~orating NRC RAis 

B-25 

May 2004 
Revision 4 



The results of this latter comparison expressed in terms of the ratio of adjusted flux to calculated flux 
(NC) are summarized as follows for the 82 capsule data base: 

PARAMETER 
c!>(E > 1.0 MeV) 

NC 
1.00 

STDDEV 
7.3% 

As with the comparisons based on the linear average of reaction rate MIC ratios, the comparisons of the 
least squares adjusted results with the plant specific transport calculations demonstrate that the calculated 
results are essentially unbiased with an uncertainty weU within the 20% criterion established in 
Regulatory Guide 1.190. 

2.3 FRACTURE TOUGHNESS PROPERTIES 

The fracture toughness properties of the ferritic material in the reactor coolant pressure boundary are 
determined in accordance with the requirements of Appendix G, 10 CFR Part 50<4>, as augmented by the 
additional requirements in subsection NB-2331 of Section Ill of the ASME B&PV Code<8>_ These 
fracture toughness requirements are also summarized in Branch Technical Position MTEB 5-2 
( .. Fracture Toughness Requirements"i9) of the NRC Regulatory Standard Review Plan. 

These requirements are used to determine the value of the reference nil-ductility transition temperature 
(RTNDT) for unirradiated material (defined as initial RTNDT, IRTNDT) and to calculate the adjusted reference 
temperature (ART) as described in Section 2.4. Two types of tests are required to determine a material's· 
value of IRT ND-r.: Charpy V-notch impact (Cv) tests and drop-weight tests. The procedure is as follows: 

1. Determine a temperature TNDT that is at or above the nil-ductility transition temperature by drop 
weight tests. 

2. At a temperature not greater than T NDT + 60°F, each specimen of the C, test shall exhibit at least 
35 mils Jateral expansion and not Jess than 50 ft-lb absorbed energy. When these requirements 
are met, T NDT is the reference temperature Rf NDT· 

3. If the requirements of (2) above are not met, conduct additional C, tests in groups of three 
specimens to determine the temperature T cv at which they are met. · In this case the reference 
temperature RT NDT ~ T cv - 6Q<?F. Thus, the reference temperature RT NDi" is the higher of TNDT and 
(T ev - 60°F). 

4. If the Cy test has not been perfonned at T NDT + 60°F, or when the C, test at T NDT + 60°F does not 
exhibit a minimum of 50 ft-lb and 35 mils lateral expansion, a temperature representing a 
minimum of 50 ft-lb and 35 mils lateral expansion may be obtained from a full C, impact cmve 

-developed from the minimum data points of alJ the C\ tests performed as shown in Figure 2.1 ~ --

Plants that do not follow the fracture toughness guidelines in Branch Technical Position MfEB 5-2 to 
determine IRT NDT can use alternative procedures. However, sufficient technical justification and special 
circumstances per the criteria of 10CFR50.12(a)(2) must be provided for an exemption from the 
regulations to be granted by the NRC. 
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2.4 CALCULATION OF ADJUSTED REFERENCE TEMPERATURE 

The adjusted reference temperature (AIIT) for each material in the beltline region is calculated in 
accordance with Regulatory Guide 1.99, Revision 2<3>. The most limiting ART values (i.e .• highest value 
at l/4t and 3/4t locations) are used in detennining the pressure-temperature limit curves. AKI' is 
calculated by the following equation: 

ART= IRT NDT + ART NDT + Margin (2.4-1) 

IRf NDT is the reference temperature for the unirradiated material as dt=;fined in paragraph NB-2331 of 
Section Ill of the ASME Boiler and ·Pressur~ Vessel Code CS) and calculated per Section 2.3. If measured 
values of IRT NDT are not available for the material in question. generic mean values for that class of 
material can be used if there are sufficient test results to establish a mean and standard deviation for the 
class. 

aRT NDT is the mean value of the shift in reference temperature caused by irradiation and is calculated as 
folJows: 

~NDT = CF f (0.28-0.l0logf} (2.4-2) 

CF (0 F) is th~ chemistry factor and is a function of copper and nickel content. CF is given in Table 1 of 
Reference 3 for weld metal and in Table 2 in Reference 3 for base metal (Position 1.1 of Regulatory 
Guide 1.99, Revision 2). In Tables 1 and 2 of Reference 3 "weight-percent copper" and "weight-percent 
nickel" are the best-estimate values for the material and linear interpolation is permitted. When two or 
more credible surveillance data sets (as defined in Regulatory Guide 1.99, Revision 2, Paragraph B.4) 
become available they may be used to calculate the chemistry factor per Position 2.1 of Regulatory 
Guide 1.99, Revision 2, as follows: 

CF 

i [A; f; (0.2&-<l.lOJogf;)] 

i=l 

:i: [f; (0.28-0.!0logf;) ]2 
i=l 

(2.4-3) 

. ·I _}Vll~i;e ~•n" is. ~ !l!l!.Ilber c;>f ~eiJ!anc~ cl~ta ix.>in~, '.~A{' is the measured sllift in the Charpy V-notch 
30 ft-lb energy level between the unirradiated conditio~ and the i~di~ted coi{clitio~. ·i;. Where.'ft is 
the fluence for each surveillance data point. 

Jf Position 2.1 of Regulatory Guide 1.99, Revision 2, results in a higher value of ART than Position 1.1 of 
Regulatory Guide 1.99, Revision 2, the ART calculated per Position 2.1 must be used. However, if 
Position 2.1 of Regulatory Guide 1.99, Revision 2, results in a lower value of AKI' than Position 1.1 of 

.. - -Reguiaiory Gu1cie}§9; ReVJSJOD2~ eithei -value ofARt may be used:·· 

To calculate MTNDT at any depth (e.g., at l/4t or 3/4t), the following formula is used to attenuate the fast 
neutron fluence (E> 1 Me V) at the specified depth. 
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f = fsurracc e (-0.24x) (2.4-4) 

where fsmface 1019 n/crrl, E > 1 Me V) is the value, calculated per Section 2.2, of the neutron fluence at the 
base metal swface of the vessel at the location of the postulated defect, and x (in inches) is the depth into 
the vessel wall measured from the vessel clad/base metal interface. The resultant fluence is then put into 
equation (2.4-2) to calculate ARTNDT at the specified depth. · 

When two or more credible surveillance capsules have been removed, the measured increase in reference 
temperature (Altf NDT) must be compared to the predicted inc.iease in RT NDT for each surveillance 
material. The predicted increase in RT NDT is the mean shift in RT NDT calculated by equation (2.4-2) plus 
two standard deviations (2cr,0 specified in Regulatory Guide 1.99, Revision 2. If the measured value 
exceeds the predicted value (Altf NDT + 2cr,0, a supplement to the PILR must be submitted for NRC 
review and approval to demonstrate how the results affect the approved methodology. 

Margin is the temperature value that is included in the ART calculations to obtain conservative, upper­
bound values of ART for the calculations required by Appendix G to 10 CFR Part 50<4>. Margin is 
calculated by the following equation: 

Margin= 2 [(cr/ +cr/)]°-5 (2.4-5) 

cr1, is the standard deviation for IRTNDT and cri\ is the standard deviation for ARTNDT· IfIR.TNDT is a 
measured value, CJ1, is estimated from the precision of the test method ( cr1 = 0 for a measured IRT NDT of a 
single material). If IRT NDT is not a measured value and generic mean values for that class of material are 
used, cr1 is the standard deviation obtained from the set of data used to establish the mean. Per Regulatory 
Guide 1.99, CJo. is 28°F for welds and 17°F for base metal. When surveillance data .is used to calculate 
Mn' NDT, crA values may be reduced by one-half. In a11 cases, cri\ need not exceed half of the mean value of 

ARTNDT· 

2.5 CRITERIA FOR ALLOWABLE PRESSURE-TEMPERATURE RELA'TIONSIIlPS 

The ASME Code requirementsc5> for calculating the allowable pressure-temperature limit curves for 

various heatup and cooldown rates specify that the total stress intensity factor, K;, for the combined 
thermal and pressure stresses at any time during heatup or cooldown cannot be greater than the reference 
stress intensity factor, the fracture toughness for the metal temperature at that time. Two values of · 

fracture toughness .may be used, K1a or Kk-

K1a is obtained from the reference fracture toughness curve, defined in Appendix G, to Section XI of the 
ASME Code (1995 Edition through the 1996Addenda). (Note that in Appendix G, to Section ill of the 
ASME Code, the reference fracture toughness is denoted as Km, whereas in Appendix G of Section XI, 
the reference fracture toughness is denoted as K1a- However, the Km and K1a curves are identical and are 

.. ~~fined wi~~-the identical ~~ti':)13-al_fonn.)_ .TI.ie ~IJ. ClJ!Ve i~ ~~~ll ~y tlle fC>1JC>\V~ng <!CI~l.l!ion: 
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where, 

K1a = 1o~er !><>tmd of dynamic and crack arrest toughness as a function of the meta] 
temperature T and the metal reference nil-<luctility transition temperature Rf NDT, 

(ksi .Jfu ). The value of RT NDT is the adjusted reference temperature (ART) of 
Section 2.4. 

K1c is ~Iso obtained from Section XI of the ASME Code, for example in Appendix A, and is a lower bound 
of static fracture toughness. Since heatup and cooldown is a slow process, static properties are 
appropriate. The Kie curve is given by the foJlowing expression: 

Kk = 33.20 + 20.734 exp [0.0200 (T -Rf NDT)1 (2.5-2) 

The use of the K1c curve (Section XI, Appendix A) as a basis for developing P-T limit curves is cmrently 
contained in ASME Code Case N640. Use of the K1c fracture toughness will yield Jess limiting P-T 
curves, which is clearly a benefit. 

However, the use of Code Case 640 presently includes a restriction on the setpoints for the Cold 
Overpressure Mitigation System (COMS). This maximum pressure for the COMS system is 100% of the 
pressure allowed by the P-T limit curves. 'Ibis essentially disallows the use of Code Case N514 in these 
circumstances, meaning th~t the COMS system must protect to the actual P-T limit curve, rather than 
110 percent, as allowed by Code Case N514. 

The use of Code Case N640 requires an exemption under 1 0CFR50.60 paragraph (b ), pertaining to 
proposed alternatives to the requirements of Appendices G and H, if it is not contained in the edition of 
the ASME Code included in the unit licensing basis. 

The governing equation for generating pressure-temperature limit curves is defined in Appendix G of the 
ASME CodeC5) as follows: 

where, 

WCAP-14040-A 
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C KIM+ Kit< Reference Fracture Toughness (2.5-3) 

K™ stress intensity factor caused by membrane (pressure) stress, 

Kh stress intensity factor caused by the thermal gradients through the vessel wall, 

C 2.0 for Level A and Level B service limits (for heatup and cooldown), 

C l.? f <?T ~YciJ."?~~atic ~!1(1 l~k tt?st con~it~C>ll~ ~~11 the rt!_actor co~ is not critical __ 

Reference Fracture Toughness = Kia or K1c, as discussed above 

(Note: K11 is set to zero for hydrostatic and leak test calculations since these tests are performed 
at isothennal conditions). 
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The quantities E and a are temperature-dependent properties. However, to simplify the analysis, E and a 
are evaluated at an equivalent wall temperature at a given time: 

2 J :" T(r)r dr 

r; -r/ 
(2.6.1-5) 

E and a are calculated as a function of this equivalent temperature and the Ea product in equation . 

(2.6.1-4) is tre~ted as a-constant in the computation of hoop thermal stress. 

The linear bending ( cri,) and constant membrane ( o,J stress components of the thennal hoop stress profile 
are approximated by the linearization technique presented in Appendix A, to Section XI of the ASME 
Code<lS>_ These stress components are used for detennining the thermal stress intensity factors, K11, as 
described in subsections 2.6.3 and 2.6.4. 

2.6.2 Steady-State Analyses 

Using the calculated beltline meta] temperature and the metal reference nil-ductility transition 
temperature, the reference stress intensity factor (K1a) is determined in Equation {2.5-1) at the l/4t· 
location where "t" represents the vessel wall thickness: At the l/4t location, a 1/4 thickness flaw is 
assumed to originate·at the vessel inside radius. 

The allowable pressure P(Tc) is a function of coolant temperature, and the pressure temperature curve is 
calculated for the steady state case at the assumed l/4t inside surface flaw. First, the maximum allowable 
membrane (pressure) stress intensity factor is determined using the factor of 2.0 from equation (2.5-2) and 
the following equation: 

where, 

KIM(max) (2.6.2-1) 

allowable reference stress intensity factor as a function ofT-RTNDT at 1/4t. 
(See Sections 2. 7 and 2.8 for the new approach using Code Cases N64O 
andN588~) 

Next, the maximum allowable pressure stress is determined using an iterative process and the following 
three equations: 
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where, 

Q 

cj> 

0.212 

<Jp 

cry 

I.I 

MK 

a 

KIP 

(2.6.2-3) 

(2.6.2-4) 

flaw shape factor modified for plastic zone size0 6), 

is the elliptical integral of the 2nd kind (cj> = l.11376 for the fixed aspect ratio of 3 of 
the code reference flawP6), 

plastic zone size correction factor<1
6), 

pressure stress, 

yield stress, · 

correction factor for surface breaking flaws, 

correction factor for constant membrane stress (16), MK. as function of relativeflaw 
depth (alt) is shown in Figure 2.4, 

crack depth of 1/4t, 

pressure stress intensity factor. 

The maximum allowable pressure stress is dete11Dined by incrementing crp from an initial value ofO.O psi 
until a pressure stress is found that computes a KIP value within I .000 I of the Kwcmax> value. After the 
maximum allowable <Jp is found, the maximum allowable internal pressure is determined by 

where, 
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(2.6.2-5) 

calculated allowable pressure as a function of coolant temperature. 

B-31 

May2004 
Revision 4 



2.6.3 Finite Coo)down Rate Analyses 

for each cooldown rate the pressure-temperature curve is calculated at the inside l/4t location.: Frrst, the 
thermal stress intensity factor is calculated for a coolant temperature at a given time using the following 
equation from the Welding Research Counci1°6): 

where, 

Om constant membrane stress component from the linearized thennal hoop stress 
distribution, 

(2.6.3-1) 

<Ji, linear bending stress component from the linearized thennal hoop stress distribution, 

Mx correction factor for membrane stress<16> (see Figure 2.4), 

MB correction factor for bending stress06>, MB as a function of relative flaw depth (alt) is 
shown in Figure 2.5. 

The flaw shape factor Q in equation (2.6.2-6) is calculated from<1
6> 

(2.6.3-2) 

Once K11 is computed, the maximum allowable membrane (pressure) stress intensity factor is detennined 
using the factor of2.O from equation (2.5-2) and the following equation: 

KW(max} 

K1 *(f-RTNDT)l/4t -K11{TJ1141 

2.0 
(2.6.3-3) 

From K™<max}, the maximum allowable pressure is determined using the iterative process described above 
--and equatforis c2:6.2~2) ih:i-ough (2.6~2-sr- - - · · · - - -

The steady-state pressure-temperature curve of Section 2.6.2 is compared to the cooldown curves for the 
l/4t inside surface flaw at each cooldown rate. At any time, the allowable pressure is the lesser of the two 
val:aes, and the resulting curve is called the composite cooldown limit curve. 

Finally; the 10CFR Part5cf4>:requirement fotthedosuteflangeregion is incorporated into the-cooldown 
composite curve as described in Section 2.5. 
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2.6.4 Finite Heatup Rate Analyses 

Using the-cakulated belt}ine metal temperature and the metal reference nil-ductility transition 
temperature, the reference stress intensity factor (K1a) is determined in Equation (2.5-1) or (25-2) at both 
the l/4t and 3/4t locations where "t" represents the vessel wall thickness. At the 1/4t location, a 
1/ 4 thickness flaw is assumed to originate at the vessel inside radius. At the 3/4t location, a 1/4t flaw is 
assumed to originate on the outside of the vessel. 

For each heatnp rate a pressure-temperature curve is calculated at the l/4t and _3/4t locations. First, the 
thermal stress intensity factor is calculated at the l/4t and 3/4t locations for a coolant temperature at a 

given time using Option 1 or 2 from Section 2.6.3. 

Once Kit is computed, the maximum allowable membrane (pressure) stress intensity factors at the l/4t and 
3/4t locations are determined using the following equations: 

At l/4t, (2.6.4-1) 

At3/4t, (2.6.4-2) 

From KIMcmax)ir41 and KIM(max)3,4i, the maximum allowable pressure at both the l/4t and 3/4t locations is 
determined using the iterative process described in Section 2.6.2 and equations (2.6.2-2) through 
(2.6.2-5). 

As was done with the cooldown case, the steady state pressure-temperature curve of Section 2.6.2 is 
compared with the l/4t and 3/4t location heatup curves for each heatup rate, with the lowest of the three 
being used to generate the composite heatup limit curve. The composite curve is then adjusted for the 
10 CFR Part 50C4

> rule for c1osure flange requirements, as discussed in Section 2.5. 

2.6.5 Hydrostatic and Leak Test Curve Analyses 

_ The lll;i11i1111,1mms.~ryic:~hyc.lrostttic: l~_test c_urye is determined by calculating the minimum a1lowable 
temperatme at two pressure values (pressure values of2000 psig and 2485 psig, approximately 110% of 
operating pressure, are generally used). The curve is generated by drawing a line between the two 
pressure-temperature data points. The governing equation for generating the hydrostatic leak test 
pressure-temperature limit curve is defined in Appendix G, Section Xl, of the ASME CodeC5) as follows: 

{2.6.5..,1) . 

where, K™ is the stress intensity factor caused by the membrane (pressure) stress and K1a is the reference 
stress intensity factor as defined in equation (2.5-1). Note that the thermal stress intensity factor is 
neglected (i.e., K1t = 0) since the hydrostatic leak test is performed at isothermal conditions. 
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The pressure stress is determined by, 

(2.6.5-2) 

where, 

p the input pressure (generally 2000 and 2485 psig) 

Next, the pressure stress intensity factor is calculated for a l/4t flaw by, 

(2.6.5-3) 

The KIM result is multiplied by the 1.5 factor of equation (2.5-2) and divided by 1000, 

K _1.SKIM 
HYD - 1000 (2.6.5-4) 

Finally, the minimum allowable temperature is determined by setting KHYD to Kia in equation (2.5-1) and 
solving for temperature T: 
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e [<KHYD -26.78)] 

T n 1.223 +RT -160.0 
0.0145 NDT 

(2.6.5-5) 

The 1983 Amendment to IOCFR50<4> has a rule which addresses the test temperature for hydrostatic 
pressure tests. This rule states that, when there is no fuel in the reactor vessel during hydrostatic pressure 
tests or leak tests, the minimum allowable test temperature must be 60°F above the adjusted reference 
temperature of the beltline region material that is controlling. H fuel is present in the reactor vessel 
during hydrostatic pressure tests or leak tests, the requirements of this section and Section 2.5 must be 

:uiet-

2.7 1996 ADDENDA TO ASME SECTION XI, APPENDIX G lVCETHODOLOGY 

ASME Section XI, Appendix G was updated in 1996 to incorporate the most recent elastic solutions for 
K1 due to pressure and radial thennal gradients. The new solutions are based on finite element analyses 

_ . fodnside s:urface flaws performed at Oak Ridge National Laboratories and sponsored by _the NRC, anq .. 
work published for outside surface flaws. These solutions provide results that are very similar to those 
obtained by using solutions previously developed by Raju and Newman. 

This revision provides consistent computational methods for pressure and thermal K1, for thermal 
gradients through the vessel wa11 at any time during the transient. Consistent with the original version of 

WCAP-14040-A 
5 461. doc-061 004 

May2004 
Revision 4 



Appendix Uno contribution for crack face pressure is included in the K1 due to pressure. and cladding 
effects are neglected. 

Using these elastic solutions in the low temperature region will provide some -relief to restrictions 

associated with reactor operation at relatively low temperatures. Although the relief is relatively small in 
terms of the absolute allowable pressure. the benefits are substantial. because even a small increase in the 
allowable pressure can be a significant percentage increase in the operating window at relatively low 

temperatures. Implementing this revision results in a safety benefit (reduced likelihood of lifting COMS 
relief valves). with no reduction in vessel integrity. 

The following revisions were made to ASME Section XI. Appendix G: 

G-2214.1 Membrane Tension: 

K 1m = Mmx(pRdt) 

where, Mm for an inside surface flaw is given by: 

Mm 1.85 for .Ji < 2, 

Mm 0.926✓! for 2~ .Ji$ 3.464, 

Mm 3.21 for .Ji > 3.464 

Similarly. Mm for an outside surface flaw is given by: 

where, 

Mm 1.77 for .Ji < 2, 

Mm 0.893 .Ji for 2 ~ ✓! :5 3.464 , 

Mm 3.09 for .Ji > 3.464 

p .;:: internal pressure, 

Ri = vessel inner radius. and 

t = vessel waJl thickness. 

For Bending Stress, the K1 corresponding to bending stress for the postulated defect is: 

KJb = Mb * maximum bending stress, where Mb= 0.667 Mm 

(2.7-1) 

For the Radial Thermal Gradient, the maximum K1 produced by radial thermal gradient for the postulated 
inside surface defect is: · 
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where: 

CR = the cooldown rate in °F/br. 

For the Radial Thermal Gradient, the maximum K1 produc~ by radial thermal gradient for the postulated 
outside surface defect is: 

Kn= 0.753 x 10·3 HU tu (2.7-3) 

where: 

HU = the heatup rate in °F/br. 

The through-wall temperature difference associated with the maximum thennal K1 can be determined 
fromASME Section XI,Appendix G, Figure G-2214-1. 1be temperature at any radial distance from the 

vessel surface can be determined fromASME Section XI, Appendix G, Figure G-2214-2 for the 

maximum thermal K1 . 

1. The maximum thermal K1 relationship and the temperature relationshlp in Figure G-2214-1 are 
app]icable only for the conditions given in G-2214.3(a)(l) and (2) of Appendix G to ASME 
Section XI. 

2. Alternatively, the K1 for radial thennal gradient can be calculated for any thennal stress 
distribution and at any specified time during cooldown for a ¼-thlckness inside surface defect 
using the relationship: 

K1, = (l.0359Co+0.6322C1+0.4753C2+03855C3)*..Jw" (2.7-4) 

or similarly, Kn during heatup for a ¼-thickness outside surface defect using the relationship: 

Ki1 = (1.043Co+0.630Ci+0.481Cz+0.401C3)*✓7ru (2.7-5) 

where the coefficients Co, Ci, C2 and C3 are determined from the thermal stress distribution at any 
specified time during the heatup or cooldown using the equation: 

where xis a variable that represents the radial distance from the appropriate (i.e., inside or 
outside) surface to any point on the crack front and a is the maximum crack depth. 

Once Kia (As calculated via Equation 2.5-1) is known, the pressure can be solved using Equation 2.5-3 
· with the ·newly calculated Kit mid new equation for K~~ ---
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where: 

C 2.0 for Level A and Level B service limits (for heatup and coo]down), 

C 1.5 for hydrostatic and leak test conditions when the reactor core is not critical 

This results in a pressure equation as follows: 

[Kn-Kia] 
p = C*Mm*(Ri/t) 

(2.7-7) 

Note that Kn is e_qual to zero for steady state and hydrostatic leak test conditions. In addition, K1a and K1t 
must be calculated individuaUy for inside and outside flaw locations (i.e., the ¼T and ¾T waU locations) 
and the minimum pressure must be used from these two locations. [Note: K12 for¼ T steady state is not 
the same as Kia for ¼T thermal conditions since the wall temperature is equal to the water temperature in 
steady state, but is not the case under thennal conditions.] 

2.7 CODE CASES N-640 FOR K1c and N~588 FOR CIRCUMFERENTIAL WELD 
FLAWS 

2.8.1 ASl'vlE Code Case N-640 

ln February of 1999, theASME Code approved Code Case N-640 which a11ows the use of the reference 
fracture toughness curve K1c, as found in Appendix A of Section XI, in lieu of Figure G-2110-1 in 
Appendix G for the development of pressure-temperature limit curves. (This is also described in 
Section 2.5 herein). Thus, when developing pressure-temperature limit curves, it is acceptable to 
calculate the reference stress intensity via Equation 2.5-2, in lieu of Equation 2.5-1. In addition, the Kk 
can be substituted for K1a in Equations 2.5-3, 2.6.2-1, 2.6.3-3, 2.6.4-1, 2.6.4-2, 2.6.5-1 and 2.7-7. An 
exemption request must be submitted and approved by the NRC if ASME Code Case N-640 is not 
contained in the edition of the ASME Code included in the unit licensing basis. 

2.8.2 AS:ME Code Case N-588 

-fu T997; ASME Section xt Appendix G was revised to acid a methodology for the use ofcircumfeientlal 
flaws when considering circumferential welds in developing pressure-temperature limit curves. This 
change was also implemented in a separate Code Case, N-588. An exemption request must be submitted 
and approved by the NRC if Code Case N-588 is not contained in the edition of the ASME Code included 
in the unit licensing basis. 

-- --Theoiiginal ASME Section Xl"Appendix G approach :mandated ilie-postu1atfon o:fan ·ax.fal flaw in -
circumferential welds for the purposes of ca1cu1ating pressure-temperature limits. Postulating the 
Appendix G reference flaw in a circumferential weld is physically unrealistic because the length of the 
reference flaw is 1.5 times the vessel thickness and is much longer than the width of the vessel girth 
welds. In addition, historical experience, with repair weld indications found during pre-service inspection 
and data taken from destructive examination of actual vessel welds, confirms that any flaws are small, 
laminar in nature and are not oriented transverse to the weld bead orientation. Because of this, any 
defects potentially introduced during fabrication process (and not detected during subsequent 
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non-destructive examinations) should only be oriented along the direction of the weld fabrication. Thus, 
for circumferential welds, any postulated defect should be in the circumferential orientation. 

The revision to Section XI, Appendix G now eliminates additional conservatism in the assumed flaw 
orientation for circumferential welds. The following revisions were made to ASME Section XI, 
AppendixG: 

G-2214.1 Membrane Tension ... 

The K1_ corresponding to membrane tension for the postulated circumferential defect of G-2120 is . 

Kw = Mm x (PR/t) 

Where; Mm for an inside surface flaw is given by: 

Mm :::; 0.89 for -Ji< 2, 

0.443 -Ji for 2 ~ .ff ~ 3.464, 

Mm 1.53 for .ff > 3.464 

Similarly, Mm for an outside smf ace flaw is given by: 

Mm 0.89 for -Ji< 2, 

Mm 0.443 ✓f for 2 ~ Ji ~ 3.464, 

Mrn 1.53 for -Ji > 3.464 

Note, that the only change relative to the OPERLIM computer code was the addition of the constants for 
Mm in a circumferential weld limited condition. No other changes were made to the OPERLIM computer 
code with regard to P-T calculation methodology. 

2.9 CLOSURE HEADNESSEL FLANGE REQUIREMENTS 

l O CFR Part 50, Appendix G contains the requirements for 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 RT NDT by at least 120°F for norma.1 operation when the pressure 
exceeds 20 percent of the pre-service hydrostatic test pressure (3106 psig), which is 621 psig for a typical 
Westinghouse reactor vessel design. 

This requirement was origina11y based on concerns about the fracture margin in the closure flange region. 
During the boltup process, stresses in this regjon typica11y reach over 70 percent of the steady-state stress, 
without being at steady-state temperature. The margin of 120°F and the pressure limitation of 20 percent 
ofhydrotest pressure were developed using the K1a fracture toughness, in the mid 1970s. 

Improved know ledge of fractu:re toughness and other issues which affect the integrity of the reactor vessel 
have led to the recent change to allow the use of K1c in the development of pressure-temperature curves, 
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as contained in Code Case N-640, "Alternative Reference Fracture Toughness for Development of P-T 
Limit Curves for Section XI, Division l ." 

The discussion given in WCAP-15315, "Reactor Vessel Closure Head/Vessel Flange Requirements 
Evaluation for Operating PWR and BWR Plants," concluded that the integrity of the closure head/vessel 
flange region is not a concern for any of the operating plants using the K1c toughness. Furthennore, there 
are no known mechanisms of degradation for this region, other than fatigue. The calculated design 
fatigue usage for this region is less than 0.1, so it may be concluded that flaws are unlikely to initiate in 
this region. It is therefore clear that no additional boltup requirements are necessary, and therefore the 
requirement of 10 CF:R Part 50, Appendix G, can be eliminated from the Pressure-Temperature Curves, 
once the requirements of 10CFR50 Appendix G are changed. However, until I OCFR50 Appendix G is 
revised to eliminate the flange requirement, it must be included in the P-T limits, unless an exemption 
request is submitted and approved by the NRC. 

2.10 MINIMUM BOLTUPTEMPERATURE 

The minimum bo1tup temperature is equal to the material RT NDT of the stressed region. The RT NDT is 
calculated in accordance with the methods described in Branch Technical Position MTEB 5-2. The 
Westinghouse position is that the minimum boltup temperature be no lower than 60°F. Thus, the 
minimum boltup temperature should be 60°F or the material RT NDT whichever is higher. 
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reference temperature for weld or base metal in the beltline region at a distance one-fourth of the vessel 
section thickness from the vessel inside surface, as determined by Regulatory Guide 1.99, Revision 2. 

3.4 ENABLE TEMPERATURE FOR COMS 

The enable temperature is the temperature below which the COMS system is required to be operable. The 
definition of the enabling temperature currently approved and supported by the NRC is described in 
Branch Technical Position RSB 5-21181• This position defines the enable temperature for LTOP systems as 
the water temperature corresponding to a metal temperature of at least RI' NOT+ 90°F at the beltline 
location (1/4t or 3/4t) that is controlling in the Appendix G limit calculations. This definition is very 
conservative, and is mostly based on material properties and fracture mechanics, with the understanding 
that material temperatures of RI' NOT + 90°F at the critical location will be well up the transition curve 
from brittle to ductile properties, and therefore brittle fracture of the vessel is not expected. 

The ASME Code Case N-514 supports an enable temperature of RT NDT + 50°F or 200°F, whichever is 
greater as described in Section 3.3. 

A significant improvement in the enable temperature can be obtained by application of code case N641. 
This code case incorporates the benefits of code cases N588, and N640. The resulting enable 
temperatures for the Westinghouse designs obtained using code case N641 are listed below. 

The use of Code Case N641 has not yet been approved by the NRC, and therefore the use of this Code 
Case will require approval of an exemption request, as discussed in under 10CFR50.60 paragraph (b), 
pertaining to proposed alternatives to the requirements of Appendices G and H. 

Vessel Type Axial Flaw Circumferential Flaw 

2-Ioop RTNDT+23F Any temperature 

3-loop RTNDT+30F RTNIIT-174F 

4-loop RTNDT+ 34F RTNIIT -1 lOF 

The RCS cold leg temperature'Ii~tationfor starting an RQ>Js ~ same value as the COMSenal>le 
temperature to ensure that the basis of the heat injection transient is not violated. The Standard Technical 

--Specific~tio~s (STSf prohibit starting an RCP when any RCS colci "tei temperatures is less than or equal to 
the COMS enable temperature unless the secondary side water temperature of each steam generator is less 
than or equal to 50°F above each of the RCS cold leg temperatures. 
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Table A-I 

Code Case 

514 

588 

640 

641 

WCAP-14040-A 
5461.doc-06 l 004 

Status of ASME Nuclear Code Cases Associated with the P-T Limit 
Curve/COMS Methodology 

Approved by Section XI of 
Title ASME the ASME Code 

Low Temperature Overpressure Protection 2/12/92 1995 Edition 
through the 1996 

Addenda 

Alternative to Reference Flaw Orientation 12/12/97 1998Edition 
of Appendix G for Circumferential Welds through the 2000 
in Reactor Vessel Addenda 

Alternative Reference Fracture Toughness 2/26/99 1998 Edition 
for Development of P-T Limit Curves through the 2000 

Addenda 

Alternative Pressure Temperature 1/17/00 1998 Edition 
Relationship and Low Temperature through the 2000 
Overpressure Protection System Addenda 
Requirement 

Exemption 
Request 
Granted 

Yes 

Yes 

Yes 

Yes 
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2.2 NEUTRON FLUENCE METIIODOLOGY 

The methodology used to provide neutron exposure evaluations for the reactor pressure vessel is based on 
the requirements provided in Regulatory Guide 1.190: "Calculational and Dosimetry Methods for 
Determining Pressure Vessel Neutron Fluence.',<6}_ The vessel exposure projections are based on the 
results of plant specific neutron transport calculations that are validated by benchmarking of the analytical 
approach, compariso:f! with industry wide power reactor data bases, and finally, by comparison to plant 
specific surveillance capsule and reactor cavity dosimetry data. In the validation process, the 
measurement data are used solely to confirm the accuracy of the transport ca1culations. The 
measurements are not used in. any way to modify the results of the transport ca1culations. 

2.2.1 PJant Specific Transport Ca1cu1ations 

1n the application of the methodology to the fast neutron exposure evaluations for the surveillance 
capsules and reactor vessel, plant specific forward transport calculations are carried out on a fuel cycle 
specific basis using the following three-dimensional flux synthesis technique: 

where: 

(j>(r,0,z) = [(j>(r,9)) * [<l>{r,z)]/I<l>{r)] 

<l>{r,0,z) is the synthesized three-dimensional neutron flux distribution, 

<j>(r,0) is the transport solution in r,0 geometry, 

<l>(r,z) is the two-dimensional solution for a cylindrical reactor model using the actual axial core 
power distribution, and 

<l>(r) is the one-dimensional solution for a cylindrical reactor model using the same source per unit 
height as that used in the r,0 two-dimensional calculation. 

A1l of the transport calculations are carried out using the DORT discrete ordinates code Version 3.1 (7) and 
the BUGLE-96 cross-section 1ibrary1JJJ. The BUGLE-96 Hbrary provides a 67 group coupled 
neutron-gamma ray cross-section data set produced specifically for light water reactor application. 1n 
the~ analyses, anisotropic scattering is .treated_witha P 5 1egendre expansion and the angular 
discretization is modeled with an S 16 order of angular quadrature. Energy and space dependent core 
power distributions as we11 as system operating temperatures are treated on a fuel cycle specific basis. 
The synthesis procedure combining the <l>(r,0), (j>(r,z), and <l>{r) transport solutions into the three­
dimensional flux/fluence maps within the reactor geometry is accomplished by post-processing the output 
files generated by the [r,0], [r,z], and [r] DORT calculations. 

In some extreme cases where part length poisons or shielded fuel assemblies have been inserted into the 
reactor core to reduce the fluence 1oca1ly in the vicinity of key vessel materials, the calculational approach 
may be modified to use either a multi-channel synthesis approach or a fully three-dimensional technique. 
For the fuH three~dimensional analysis, the TORT'7> three-dimensional discrete ordinates transport code is 
used in conjunction with either the BUGLE-96 ENDF/B-VI based library to provide a complete solution 
without recourse to the use of flux synthesis techniques. 
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In developing an analytical model of the reactor geometry, nominal design dimensions. are normally 
employed for the various structural components. In some cases as-built dimensions are available; and, in 
those instances, the more accurate as-built qata are used for mode] development. !f owever, for the most 
part, as built dimensions of the components in the beltline region of the reactor are not available, thus, 
dictating the use of design dimensions. Likewise, water temperatures and, hence, coolant density in the 
reactor core and downcomer regions of the reactor are nonnally taken to be representative of full power 
operating conditions. The reactor core itself is treated as a homogeneous mixture of fuel, cladding, water, 
and miscellaneous core structures such as fuel assembly grids, guide tubes, etc. 

The spatial mesh description used in the transport models depends on the overall size of the reactor and 
on the complexity required to model the core periphery, the in-vessel surveillance capsules, and the 
details of the reactor cavity. Mesh sizes are chosen to assure that proper convergence of the inner 
iterations is achieved on a pointwise basis. The pointwise inner iteration flux convergence criterion 
utilized in the r,9 calculations is set at a value of 0.001. 

The mesh selection process results in a smaller spatial mesh in regions exhibiting steep gradients, in 
material zones of high cross-section (LJ, and at material interfaces. In the modeling of in-vessel 
surveillance capsules, a minimum set of 3 radial by 3 azimuthal mesh are employed within the test 
specimen array to assure that sufficient information is produced for use in the assessment offluence 
gradients within the materials test specimens, as wel1 as in the determination of gradient corrections for 
neutron sensors. Additional radial and azimuthal mesh are employed to model the capsule structure 
surrounding the materials test specimen array. In modeling the stainless steel baffle region at the 
periphery of the core, a relatively fine spatial mesh is required to adequately describe this rectilinear 
component in r,0 geometry. In performing this x,y to r,0 transition, care is taken to preserve both the 
thickness and volume of the steel region in order to accurately address the shielding effectiveness of the 
component. 

The spatial variation of the neutron source is generally obtained from a burnup weighted average of the 
respective power distributions from individual fuel cycles. These spatial distributions include pinwise 
gradients for all fuel assemblies located at the periphery of the core and typically include a uniform or flat 
distribution for fuel assemblies interior to the core. The spatial component of the neutron source is 
transposed fromx,y to [r,0], [r,zJ, and [r] geometry by overlaying the mesh schematic to be used in the 
transport calculation on the pin by pin array and then computing the appropriate relative source applicable 

. t<? each spll.tjll.1 interval within _the react9r core~ . 

These x,y to [r,0], [r,z], and [r] transpositions are accomplished by first defining a fine mesh working 
array. The sizes of the fine mesh are usually chosen so that there is at least a lOxlO array of fine mesh 
over the area of each fuel pin at the core periphery. The coordinates of the center of eac~ fine mesh 
interval and its associated relative source strength are assigned to the fine mesh based on the pin that is 

coincid~I_!t_~i!ll t_h.~ ~enter of!~~ _f.!_~~_mes~ .. _In. tltf! ljIIlit as tli~ ~i~_ Qf t_he fil!~ ~s~ ~pproach ~. tm~ . 
technique becomes an exact transformation. 
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Each space mesh in tpe transport geometry is checked to determine if it lies totally within the area of a 
particular fine working mesh. If it does, the relative source of that fine mesh is assigned to the transport 
space mesh. If, on the other hand, the transport space mesh covers a v.art of one or more fine mesh, then 
the relative source assigned to the transport mesh is determined by an area weighting process as follows: 

where: 

Pm = the relative source assigned to transport mesh m. 

A; = the area of fine working mesh i within transport mesh m. 

-Pi = the relative source within fine working mesh i. 

The energy distribution of the somce is determined on a fuel assembly specific basis by selecting a fuel 
assembly burnup representative of conditions averaged over each fuel cycle and an initial enrichment 
characteristic for each assembly. From this average bumup and initial enrichment, a fission split by 
isotope including 235u, 238U, 238Pu, 239:Pu, 240pu, and 241Pu is derived; and, from that fission split, 
composite values of energy release per fission, neutron yield per fission, and fission spectrum are 
determined for each fuel assembly. These composite values are then combined with the spatial 
distribution to prc~:luce the overall absolute neutron source for use in the transport calculations. 

2.2.2 Validation of the Transport CalcuJations 

The validation of the methodology described in Section 2.2.1 is based on the guidance provided in 
Regulatory Guide 1.190. In particular, the validation consists of the following stages: 

L Comparisons of calculations with benchmark measurements from the Pool Critical Assembly 
(PCA) simulator at the Oak Ridge National Laboratory (ORNL)°2). 

2. · Comparisons of calculations with surveillance capsule and reactor cavity measurements from the 
H. B. Robinson power reactor benchmark experiment(2Z}. 

3. An analytical sensitivity study addressing the uncertainty components resulting from important 
input parameters applicable to the plant specific transport calculations used in the exposure 
assessments. 

4; Comparisons of calculations with a measurements data base obtained from a large number of 
surveillance capsules withdrawn from a variety of pressurized water reactors. 

At each subsequent application of the methodology, comparisons are made with plant specific dosimetry 
results to demonstrate that the plant specific transport calculations are consistent with the uncertainties 
derived from the methods qualification. 
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The first stage of the methods validation addresses the adequacy of basic transport calculation and 
dosimetry evaluation techniques and associated cross-sections. This stage, however, does not test the 
. accuracy of commercial core neutron source calculations nor does it address uncertainties in o~tional 
or geometric variables that impact power reactor calculations. The second stage of the validation 
addresses uncertainties that are primarily methods related and would tend to apply generically to all fast 
neutron exposure evaluations. The third stage of the validation identifies the potential uncertainties 
introduced into the overall evaluation due to caJculational methods approximations, as well as to a Jack of 
knowledge relative to various plant specific parameters. The overall calculational uncertainty is 
established from the results of these three stages of the v~idation process. 

The following summarizes the uncertainties determined from the results of the first three stages of the 

validation process: 

PCA Benchmark Comparisons 

H. B. Robinson Benchmark Comparisons 

Analytical Sensitivity Studies 
Internals Dimensions 
Vessel Inner Radius 
Water Temperature 
Peripheral Assembly Source Strength 
Axial Power Distribution 
Peripheral Assembly Burn up 
Spatial Distribution of the Source 

Other Factors 

3% 

3% 

11% 
3% 
5% 
4% 
5% 
5% 
2% 
4% 

5% 

The category designated ''Other Factors". is intended to attribute an additional uncertainty to other 
geometrical or operational variables that individually have an insignificant impact on the overall 
uncertainty, but collectively should be accounted for in the assessment. 

The uncertainty components tabulated above represent percent unc:ertainty at the la level. In the 

tal?'lll~tioII, th~ net unce~~D!Y. of 11 % fyC>lp the anal~cal sensitiv~ty stu~~s ha~ ~n brok~n down}nto its 
· individual components. When the four uncertainty values listed above (3%, 3%, 11 %, and 5%) are 
combined in quadrature, the resultant overall lo- calculational uncertainty is estimated to be 13%. 

To date the methodology described in Section 2.2.1 coupled with the BUGLE-96 cross-section library has 
been used in the evaluation of dosimetry sets from 82 surveillance capsules from 23 pressurized water 
reactors. These capsule withdrawals included 2-5 capsules from individual reactors. The comparisons of 
. thepfant specificcaicu1-;.tioos-wit11 tbe-resuiis oi the capsule.dosimetry are. useci.tofurtiier ~aiiciate .the ... 
calculational methodology within the context of a lcr calculational uncertainty of 13%. 

This 82 capsule data base indudes all survei11ance capsule dosimetry sets analyzed by Westinghouse 
using the Bugle-96 cross-section library and the synthesis approach described in Section 2.2.1. No 
surveillance capsule dosimetry sets were excluded from the MIC data base. As additional capsules are 
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analyzed using the synthesis approach with the BUGLE-96 cross-section library the MIC comparisons 
wi11 be added to the database. 

The comparisons between the plant specific calculations and the data base measurements are provided on 
two levels. In the first instance, measurement to calculation (MIC) ratios for each fast neutron sensor 
reaction rate from the surveillance capsule irradiations are listed. This tabulation provides a direct 
comparison, on an absolute basis, of measurement and calculation. The results of this comparison for the 
surveilJance capsule data base are as follows: 

REACTION MIC SIDDEV 
63Cu(na.)6°co 1.09 7.9% 
54Fe(n,p )54Mn 0.99 8.4% 
58Ni(n,p )58Co 0.99 8.9% 
2311l(n,f)137Cs 1.01 11.8% 
237Np(n,f)137 Cs 1.06 11.3% 

Linear Average 1.03 9.8% 

These comparisons show that the calculations and measurements for the surveiJlance capsule data base 
fall well within the 13% cakulational uncertainty for all of the fast neutron reactions. 

The second comparison of ca1culations with the data base is based on the least squares adjustment of the 
individual surveillance capsule data sets. The least squares adjustment procedure provides a weighting of 
the individual sensor measurements based on spectral coverage and allows a comparison of the neutron 
flux (E > 1.0 Me V) before _and after adjustment. The neutron flux/fluence (E > 1.0 Me V) is the primary 
parameter of interest in the overall pressure vessel exposure evaluations. 

The least squares evaluations of the 82 surveillance capsule dosimetry sets followed the guidance 
provided- in Section 1.4.2 of Regulatory Guide 1.190 and in AS1M Standard E944-96, "Standard Guide 
for Application of Neutron Spectrum Adjustment Methods in Reactor Surveillance." 

The application of the least squares .methodology requires the following input: 

1. . The calc;uJ_.i!e~ 11:e\l~on ~n~rgy spectru.m and associated unc:ertainties at the. mea~urement location. 

2. The measured reaction rates and associated uncertainty for each sensor contained in the multiple 
foil set. 

3. The energy dependent dosimetry reaction cross-sections and associated uncertainties for each 

__ s_e:nsor C()J!!<!~~cl: i}!_the_111u~~pl~Ml sens()~set _ 

For the data base comparisons, the calculated neutron spectra were obtained from the results of plant 
specific neutron transport calculations applicable to each of the 82 surveil1ance capsules. The sensor 
reaction rates and dosimetry cross-sections were the same as those used in the direct MIC comparisons 
noted above. 
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The results of this latter comparison expressed in terms of the ratio of adjusted flux to calculated flux 
(A/C) are summarized as follows for the 82 capsule data base: 

PARAMETER 
$(:E> l.0MeV) 

NC 
1.00 

STD DEV 
7.3% 

As with the comparisons based on the linear average of reaction rate MIC ratios. the comparisons of the 
least squares adjusted results with the plant specific transport calculations demonstrate that the calculated 
results are essentially unbiased with an uncertainty we1l within the 20% criterion established in 
Regulatory Guide 1.190. 

2.3 FRACTURE TOUGHNESS PROPERTIES 

The fracture toughness properties of the ferritic material in the reactor coolant pressure boundary are 
detennined in accordance with the requirements of Appendix G, 10 CFR Part 50<4

), as augmented by the 
additional requirements in subsection NB-2331 of Section ill of the ASME B&PV Code 00. These 
fracture toughness requirements are also summarized in Branch Technical Position MTEB 5-2 
('"Fracture Toughness Requirements"P> of the NRC Regulatory Standard Review Plan. 

These requirements are used to detennine the value of the reference nil-ductility transition temperature 
(RT NDT) for unirradiated material ( defined as initial RT NDT, lRT NDT) and to calculate the adjusted reference 
temperature (ART) as described in Section 2.4. Two types oftests are required to detennine a material's 
value oflRTNDT: Chaipy V-notch impact (C,) tests and drop-weight tests. The procedure is as follows: 

I. Determine a temperature T NDT that is at or above the nil-ductility transition temperature by drop 
weight tests. 

2. At a temperature not greater than T NDT + 60°F, each specimen of the Cv test shall exhibit at least 
35 mils lateral expansion and not less than 50 ft-lb absorbed energy. When these requirements 
are met, TNDT is the reference temperature RTNDT. 

3. If the requirements of (2) above are not met, conduct additional C, tests in groups of three 
specimens to determine the temperature T cv at which they are met, In this case the refe~m~e 
temperature RT NDT = T ev - 60°F. Thus, the reference temperature RT NDT is the higher of T NDT and 
(Tcv· - 60°F): . . ... . . . . . .. . .. . . . . . . . . . . . . - . . . ·- . .. . . . . 

4. If the C, test has not been performed at T NDT + 60°F, or when the C, test at T NDT + 60°F does not 
exhibit a minimum of 50 ft-lb and 35 mils lateral expansion, a temperature representing a 
minimum of 50 ft-lb and 35 mils lateral expansion may be obtained from a full C, impact curve 

developed from the _ _minirnum data points of ~11 the C, tests per!"ormed_ ~s sho\l/_11- i!}_Fi~~ 2.J. 

Plants that do not follow the fracture toughness guidelines in Branch Technical Position MTEB 5-2 to 
determine IRT NDT can use alternative procedures. However, sufficient technical justification and special 
circumstances per the criteria of IOCFR50.12(a)(2) must be provided for an exemption from the 
regulations to be granted by the NRC. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

Mr. Gordon Bischoff, Project Manager 
Westinghouse Owners Group 
Westinghouse Electric Company 
Mail Stop EGE 5-16 
P.O. Box 355 
Pittsburgh, PA 15230-0355 

June 18> 2003 

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION - WCAP-14040, REVISION 3, 
"METHODOLOGY USED TO DEVELOP COLD OVERPRESSURE MITIGATING 
SYSTEM SETPOINTS AND RCS HEATUP AND COOLDOWN CURVES" 
(TAC NO. MB5754) 

Dear Mr. Bischoff: 

By letter dated May 23, 2002, the Westinghouse Owners Group submitted for staff review 
Topical Report WCAP-14040, Revision 3, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Curves." The staff has completed 
its preliminary review of WCAP-14040, Revision 3, and has identified a number of items for 
which additional information is needed to continue its review. This was discussed in a 
telephone conversation with Mr. Ken Vavrek of your staff on June 5, 2003, and it was agreed 
that a response would be provided within 30 days of receipt of this letter. 

If you have any questions, please call me at (301) 415-1436. 

Project No. 694 

-- --- --·-

Sincerely, 

~( 
Drew Holland, Project Manager, Section 2 
Project Directorate IV 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation 

Enclosure: Request for Additional Information 

cc w/encl: See next page 
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H. A. SEPP, JR. 
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Westinghouse Owners Group 

cc: 
Mr. H. A. Sepp, Manager 
Regulatory and Licensing Engineering 
Westinghouse Electric Company 
P.O. Box 355 
Pittsburgh, PA 15230-0355 
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REQUEST FOR ADDITIONAL INFORMATION 

WCAP-14040, REVISION 3, "METHODOLOGY USED TO DEVELOP COLD 
OVERPRESSURE MITIGATING SYSTEM SETPOINTS AND RCS HEATUP 

AND COOLDOWN CURVES" 

WESTINGHOUSE OWNERS GROUP 

PROJECT NO. 694 

Please address the following NRC staff issues pertaining to the review of this topical report. 

1. Section 2.3, page 2-5, Branch Technical Position MTEB 5-2 does not give fracture 
toughness "requirements." Revise WCAP-14040, Revision 3, to refer to the information 
in MTEB 5-2 as "guidelines" rather than "requirements." 

2. Section 2.4, page 2-6, when referring to the "Ai" term in Equation 2.4-3, revise your 
definition which refers to it as the "measured value of LiRT NDT" - instead call it the 
"measured shift in the Charpy V-notch 30 ft-lb energy level between the unirradiated 
condition and the irradiated condition, f/' 

3. Section 2.4, page 2-7, revise the sentence which reads, "fi]f the measured value 
exceeds the predicted value (LiRTNDT + 2crti), a supplement to the PTLR must be 
provided to demonstrate how the results affect the approved methodology," to state "[i]f 
the measured value exceeds the predicted value (LiRT NDT + 2a ti), a supplement to the 
PTLR methodology must be provided for NRC staff review and approval to demonstrate 
how the results affect the approved methodology." 

4. Section 2.5, page 2-7, it is stated that Kia is the reference fracture toughness curve in 
Appendix G to Section XI of the ASME Code. Clarify this to note that this refers to 
Editions of the Code through the 1995 Edition/1996 Addenda. The most recent Edition 
and Addenda of the Code (1998 Edition through 2000 Addenda) incorporated by 
reference into 10 CFR 50.55a, however, uses K,c as the reference fracture toughness 
curve. 

5. Section 2.5, page 2-8, the "note" regarding the use of a 1.223 vs. 1.233 coefficient in the 
K,a equation is meaningless and ccmfusing unless one also explains that therewas a 
typographTcal error iii foe 1989 .Edit16ri of Section· XI, Appendix G (Le:, where ttie 1.233 
was used). Revise WCAP-14040, Revision 3, to either eliminate this note or revise the 
note to offer additional explanation regarding the historical basis for the 1.223 vs. 1.233 
issue. 

6. Section 2.5, page 2-8, when discussing ASME Code Case N-640, it is not correct to say 
__ _tl}.clt c1ri_~~~rnRti9r1_is ~~gl)Jrng t9. impl~m~ntN:6~0 be~~lJ$~ Jh~_NRC h_<!~ not "_encforsec:I" 

the Code Case. "Endorsement" implies that it has been included in Regulatory 
Guide 1.147, "lnservice Inspection Code Case Acceptability -- ASME Section XI, 
Division 1." Code Case N-640 would have to be included in the edition of the 
ASME Code which the licensee has adopted in their facility's licensing basis in order to 
comply with 1 O CFR 50.55a before an exemption is no longer required. 
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7. 

8. 

9. 

10. 

WCAP-14040-A 
5 461. doc-061004 

-2-

The statement in Section 2.5, page 2-10, regarding need for an exemption relative to 
modifying existing 10 CFR Part 50, Appendix G flange requirements should, for 
consistency be repeated in Section 2.8. 

Section 2.6.1, page 2-12, it is stated "[t]hese stress components are used for 
determining the thermal stress intensity factors, K1t, as described in the following 
subsection." The following subsection is 2.6.2, "Steady-State Analyses," and it does not 
address the calculation of K,1• Revise WCAP-14040, Revision 3, to address this 
apparent inconsistency. 

Section 2.6.2, page 2-14, and Section 2.6.5, page 2-15, Mm factors of 1.84, 0.918, and 
3.18 are given for various reactor pressure vessel wall ~hickness ranges to be used 
when steady-state analyses are performed. It is unclear as to where these Mm factors 
come from (unable to locate them in any edition of ASME Section XI, Appendix G). 
Further, they are not consistent with what should be the same Mm factors cited on page 
2-15. Revise WCAP-14040, Revision 3, to address this apparent inconsistency in the 
cited Mm factors. 

Section 2.7, page 2-19, it should be noted that an exemption is required when a 
licensee wishes to make use of ASME Code Case N-588. Revise WCAP-14040, 
Revision 3, accordingly. 

B-54 

May2004 
Revision 4 



Domestic Members 

AmerenUE 
Canaway 

American Electric Power Co. 
·o.C.Cook1 &2 

Caronna Power & Light Co. 
H.B. Robinson 2 
Shearon Harris 

Dominion Nuclear Connecticut 
Millstone3 

Dominion V",rginia Power 
North Anna 1 &2 
Surry1 &2 

Duke Power Company 
Catawba 1 &2 
McGuire 1 &2 

Entergy Nuclear Oper.rlions Inc. 
Indian Point 2 & 3 

Exelon Generation Company LLC 
Braidwood 1 & 2 
·9yron1 &2 

FirstEnergy Nuclear 
Operating Co. 

Beaver Valley 1 & 2 
Florida Power & Ughl Co. 

Turkey Point 3 & 4 
Northeast Utilities 

Seabrook 
Nuclear Management Co. 

Point Beach 1 & 2 
Prairie Island 1 & 2 
Kewaunee 

Pacific Gas & Electric Co. 
Diablo Canyon 1 & 2 

PSEG - Nuclear 

f .. '•~:r;:; !a~ & Electric Co. 

•. i:. Ginna 
South Carolina Electric 
&Gasco. 

V.C. Summer 
STP Nuclear Operating Co. 

South Texas Project 1 & 2 
Southern Nuclear 
Operating Co. 

J.M. Farley 1 & 2 
AW. Vog11e 1 & 2 

Tennes,,ee Valley Authority 
Sequoyah 1 & 2 
Watts Bar 1 

TXU Electric 
Cominariclie Peak 1 & 2 

Wolf Creek Nuclear 
· Operating Corp: 

Won Creek 

International Members 

Electrabel 
Doel T. 2. 4 

· Tihange 1. 3 
Electricl\e de France 

· i<ansai"Eleciri<: Power co: · 
Mihama1 
Takahama 1 
Ohi1 &2 

Korea Hydro & Nuclear Power Co.. 
Koril-4 
Yonggwang 1 & 2 

British Energy pie 
SizewellB 

Krsko 
Krsko r·· '~~~:~les 

,.___,ndellos2 
Almaraz 1 &2 

mnghalsAB 
Ringhals 2-4 

Taiwan Power Co .. 
Maanshan 1 & 2 

WCAP-14040-A 
5461.doc-061004 

B-55 

OG-02-018 
May 23, 2002 

WCAP-14040, Rev. 3 
Project Number 694 

Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

Attention: Chief, Information Management Branch, 
Division oflnspection and Support Programs 

Subject: Westinghouse Owners Group 
Transmittal ofWCAP-14040, Rev. 3, "Methodology Used to 
Develop Cold Overpressure Mitigating System Setpoints and RCS 
Heatup and Cooldown Limit Curves," (MUHP-3073) 

Reference: 1) Westinghouse Owners Group Letter, R. Bryan to Document Control 
Desk, "Transmittal ofWCAP-15315, Rev. I, 'Reactor Vessel 
Closure HeadN essel Flange Requirements Evaluation for Operating 
PWR and BWRPlants'," OG-02-019, May 23, 2002. 

This letter transmits five copies of the WCAP-14040, Rev. 3, "Methodology Used 
to Develop Cold Overpressure Mitigating System Setpoints and RCS Heatup and 
Cooldown Limit Curves," for NRC review and approval. WCAP-14040-A, Rev. 2, 
was approved by the NRC on October 16, 1995, and contains a methodology for 
developing Reactor Coolant System (RCS) Pressure-Temperature (P-T) limit curves 
and Cold Overpressure Mitigation System (COMS) setpoints and enable 
temperature that can be referenced by licensees in the Administrative Controls 
Section of the Technical Specifications when relocating P-T limit curves, COMS 
setpoints and COMS enable temperature to a Pressure and Temperature Limits . Report (PTLR). . - . . . . .. . . . .. - . . 

Several ASME Nuclear Code Cases (N-588, N-640, and N-641) associated with the 
development of P-T limit curves and the COMS enable temperature have been 
approved bythe.ASME subsequent to the approval ofWCAP-14040-NP-A, Rev. 2 
in October 1995. Exemption requests have been approved by the NRC to allow the 
use ofthese ASME Nuclear Code cases iri the"developmeiit ·or p.:T limit ·curves.· 

WCAP-14040, Rev. 3 has been revised to incorporate these approved ASME 
Nuclear Code Cases into the methodology used to develop the P-T limit curves and 
COMS enable temperature that is contained in WCAP-NP-A, Rev. 2. 
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WCAP-14040, Rev. 3 also contains an option to develop the P-T limit curves without the flange 
requirement, currently required by IOCFR50 Appendix G. The option to develop P-T limit 
curves without the flange requirement would require NRC approval of an exemption request, or 
rulemaking to eliminate the requirement. A Petition for Rulemaking to eliminate the flange 
requirement of 10CFR50 Appendix G :from the P-T limit curves was submitted by Westinghouse 
Electric Co. in November 1999. 

The technical justification for eliminating the flange requirement is contained in WCAP-15315, 
"Reactor Vessel Closure Head/V esse] Flange Requirements Evaluation for Operating PWR and 
BWRPlants, 11 Rev. 0. WCAP-15315, Rev. 0 was submitted to the NRC with the Petition for 
Rulemaking to eliminate the flange requirement of 1 0CFRS0 Appendix G by Westinghouse 
Electric Co., in November 1999. WCAP-15315, Rev. 1 contains the additional information for 
eliminating the flange requirement as requested by the NRC during a meeting between 
Westinghouse and the NRC on August 28, 2001. WCAP-15315, Rev. 1 is also being submitted 
for NRC review as justification for eliminating the flange requirement of 1 0CFR50 Appendix G 
(Reference 1 ). 

The WOG is submitting WCAP-14040, Rev. 3 under the NRC licensing topical report program 
for review and acceptance for referencing in licensing actions. The objective is that once 
approved, each WOG member can reference a single methodology in the Administrative Controls 
Section of the Technical Specifications when relocating or revising P-T limit curves and COMS 
setpoints and enable temperature in a PTLR. 

The WOG requests that the NRC complete the review ofWCAP-14040, Rev. 3, by September 
30, 2002. Consistent with the Office ofNuclear Reactor Regulation, Office Instruction LIC-500, 
"Processing Request for Reviews of Topical Reports," the WOG requests that the NRC provide 
an estimate of the review hours, and target dates for any Request(s) for Additional Information 
and for completion of the Safety Evaluation for WCAP-14040, Rev. 3. 

The repo~ transmitted herewith bears a Westinghouse copyright notice. The NRC is permitted to 
make the number of copies of the information contained in these reports which are necessary for 

. its· iriferiial use in connection with generic ancl plani::specific reviews and approvals as well as the 
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation 
of a license, permit, order, or regulation subject to the requirements of IO CFR 2. 790 regarding 
restrictions on public disclosure to the extent such information has been identified as proprietary 
by Westinghouse, copyright protection notwithstanding. With respect to the non-proprietary 
versions of this report, the NRC is permitted to make the number of copies beyond those 
necessary for its mte.mal use which ~are necessary in order to have one copy ·available for-public· · 
viewing in the appropriate docket files in the public document rooms as may be required by NRC 
regulations if the number of copies submitted is insufficient for this purpose. Copies made by the 
NRC must include the copyright notice in all instances and the proprietary notice if the original 
was identified as proprietary. 
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Invoices associated with the review of this WCAP should be addressed to: 

Mr. Gordon Bischoff 
Owners Group Program Manager 
Westinghouse Electric Company 
(Mail Stop ECE 5-16) 
P.O.Box355 
Pittsburgh, PA 15230-0355 

If you require further information, please contact Mr. Ken Vavrek in the Westinghouse Owners 
Group Project Office at 412-374-4302. 

Very truly yours, 

Robert H. Bryan, Chairman 
Westinghouse Owners Group 
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EXECUTIVE SUMMARY 

This report provides the methodology and results of the generation of heatup and cooldown pressure­
temperature (P-T) limit curves for normal operation of the North Anna Units 1 and 2 reactor vessels through 
the Subsequent License Renewal (SLR) period of operation, also known as the Subsequent Period of 
Extended Operation (SPEO). The heatup and cooldown P-T limit curves were generated using the limiting 
Adjusted Reference Temperature (ART) values for North Anna Units 1 and 2. The limiting ART values 
were those of the North Anna Unit 2 Lower Shell Forging 03 at both the 1/4 thickness (1/4T) and 3/4 
thickness (3/4T) locations. Note that the limiting material for the current EOLE P-T limit curves contained 
in the Technical Specifications is also North Anna Unit 2 Lower Shell Forging 03. 

The P-T limit curves were generated for 72 effective full-power years (EFPY) using the K1c methodology 
detailed in the 1998 Edition through 2000 Addenda of the ASME Code, Section XI, Appendix G. The P-T 
limit curve generation methodology is consistent with the NRC-approved methodology documented in 
WCAP-14040-A, Revision 4. Heatup rates of20, 40, and 60°F/hr, and cooldownrates of-100, -60, -40, -20, 
and 0°F/hr (steady-state) were used to generate the P-T limit curves, with the flange requirements and 
without margins for instrumentation errors. The North Anna Units 1 and 2 SLR period of operation 
corresponding to 80 years of operation is 72 EFPY. The SLR P-T limit curves can be found in Figures 6-1 
and 6-2. As concluded in Section 7, the new 72 EFPY P-T limit curves are bounded by the current North 
Anna Power Station P-T limit curves. Thus, continued use of the current North Anna Power Station P-T 
limit curves is justified through 72 EFPY. 

Appendix A contains the thermal stress intensity factors for the maximum heatup and cooldown rates at 
72 EFPY based on the Section 6 P-T limit curves. 

Appendix B contains a P-T limit evaluation of the reactor vessel inlet and outlet nozzles based on a 1/4 T 
flaw postulated at the inside surface of the reactor vessel nozzle comer, where T is the thickness of the 
nozzle comer region. As discussed in Appendix B, the P-T limit curves, generated based on the limiting 
cylindrical beltline materials, bound the P-T limit curves for the reactor vessel inlet and outlet nozzles for 
North Anna Units 1 and 2 at EOLE and SLR period of operation. 

Appendix C contains discussion of the other ferritic Reactor Coolant Pressure Boundary (RCPB) 
components relative to P-T limits. As discussed in Appendix C, all of the other ferritic RCPB components 
meet or are reconciled to the applicable requirements of Section III of the ASME Code. 

Appendix D contains the determination of the Low Temperature Overpressure Protection (LTOP) system 
minimum enable temperature at 72 EFPY. 

Appendix E contains an evaluation of the North Anna Units 1 and 2 surveillance data credibility. 

Appendix F contains an evaluation of the North Anna Units 1 and 2 Upper-Shelf Energy (USE) at 72 EFPY. 

Appendix G contains a comparison of the material property input values used in this evaluation and those 
used in the Updated Final Safety Analysis Report (UFSAR) as well as past evaluations. 
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Appendix H contains an evaluation of Master Curve data relevant to North Anna Unit 1 Lower Shell 
Forging 03. 

Appendix I contains a summary of the North Anna licensing basis related to selection of chemistry factors 
(CFs) when surveillance data is available. 

Appendix J contains the current Technical Specifications P-T limit curves (referred to herein as the 
"current" P-T limits). 

Appendix K contains the justification for the use of PWROG-17090-NP-A per the stipulations in the NRC's 
Safety Evaluation. 
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1 INTRODUCTION 

The purpose of this report is to present the calculations and the development of the North Anna Units 1 
and 2 heatup and cooldown P-T limit curves for 72 EFPY. This report documents the calculated Adjusted 
Reference Temperature (ART) values and the development of the P-T limit curves for normal operation 
through 80 years of operation. 

Heatup and cooldown P-T limit curves are calculated using the adjusted RT NDT (reference nil-ductility 
temperature) corresponding to the limiting beltline region material of the reactor vessel. The adjusted 
RT NDT 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 radiation-induced ~RT NDT, and adding 
a margin. The unirradiated RT NDT (RT NDT(u)) values were redefined in PWROG-18005-NP (Reference 9) 
to take advantage of the most up-to-date methodologies and data available; therefore, the values utilized 
herein supersede those utilized in the previous P-T limit curves developed in WCAP-15112 (Reference 17). 
The redefined RT NDT(U) 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-lb of impact energy and 
35-mil lateral expansion (normal to the major working direction) minus 60°F. In instances where 
insufficient data is available to determine RT NDT(U) using ASME Code methods, alternate estimation 
methods such as Branch Technical Position (BTP) 5-3 are applied. 

RTNDT increases as the material is exposed to fast-neutron radiation. Therefore, to find the most limiting 
RT NDT at any time period in the reactor's life, ~RT NDT due to the radiation exposure associated with that 
time period must be added to the unirradiated RTNnT. The extent of the shift in RTNnT is enhanced by certain 
chemical elements (such as copper and nickel) present in reactor vessel steel. The U.S. Nuclear Regulatory 
Commission (NRC) has published a method for predicting radiation embrittlement in Regulatory Guide 
1.99, Revision 2 (Reference 1 ). Regulatory Guide 1.99, Revision 2 is used for the calculation of ART values 
(RTNDT(U) + ~RTNDT + margins for uncertainties) at the l/4T and 3/4T locations, where Tis the thickness of 
the vessel at the beltline region measured from the clad/base metal interface. The calculated ART values 
for 72 EFPY are documented in Section 5 of this report. The fluence projections used in calculation of the 
ART values are taken from WCAP-18015-NP (Reference 8) which identifies the materials projected to 
exceed a neutron fluence of LOE+ 17 n/cm2 (E > 1.0 MeV) including the inlet and outlet nozzle forgings, 
as applicable. A description of the fluence analysis is provided in Section 2 of this report. 

The heatup and cooldown P-T limit curves documented in this report were generated using the most limiting 
ART values and the NRC-approved methodology documented in WCAP-14040-A, Revision 4 (Reference 
2). Specifically, the "Axial Flaw" methodology of the 1998 Edition through 2000 Addenda of ASME Code, 
Section XI, Appendix G (Reference 3) was used, which makes use of the K1c methodology. The K1c curve 
is a lower bound static fracture toughness curve obtained from test data gathered from several different 
heats of pressure vessel steel. The limiting material is indexed to the K1c curve so that allowable stress 
intensity factors can be obtained for the material as a function of temperature. Allowable operating limits 
are then determined using the allowable stress intensity factors. 

The P-T limit curves presented herein were generated without instrumentation errors. The North Anna 
Power Station Technical Specifications (Reference 18) P-T limit curves are currently provided with 
instrumentation errors as discussed in Appendix J. The reactor vessel flange requirements of 10 CFR 50, 
Appendix G (Reference 4) have been incorporated in the P-T limit curves. The P-T limit curves generated 
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in Section 6 are compared to the current North Anna Units 1 and 2 P-T limit curves, contained in the North 
Anna Power Station Technical Specifications (Reference 18), in Section 7 to determine if adequate margin 
exists to justify continued use of the North Anna Units 1 and 2 current P-T limits through the Subsequent 
License Renewal (SLR) period of operation. 

The P-T limit curves generated in Section 6 bound the P-T limit curves for the reactor vessel inlet and outlet 
nozzles generated in Appendix B for North Anna Units 1 and 2 at 72 EFPY. Discussion of the other ferritic 
RCPB components relative to P-T limits is contained in Appendix C. Appendix D contains a calculation of 
the Low Temperature Overpressure Protection (LTOP) system enable temperature. Appendix E provides a 
credibility evaluation of the North Anna Units 1 and 2 surveillance data. Appendix F contains an evaluation 
of the North Anna Units 1 and 2 Upper-Shelf Energy (USE) values at 72 EFPY. Appendix G contains a 
comparison of the material property input values used in this evaluation and those used in past evaluations 
as well as the Updated Final Safety Analysis Report (UFSAR). Appendix H contains an evaluation of 
Master Curve data relevant to North Anna Unit 1 Lower Shell Forging 03. Appendix I contains a summary 
of the North Anna licensing basis related to selection ofCFs when surveillance data is available. Appendix J 
contains the current Technical Specifications P-T limit curves (referred to herein as the "current" P-T 
limits). Appendix K contains the justification for the use of PWROG-17090-NP-A per the stipulations in 
the NRC's Safety Evaluation. 
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2 CALCULATED NEUTRON FLUENCE 

For the initial 60-year end of license extension (EOLE) term, the North Anna Units 1 and 2 fracture 
toughness properties provide adequate margins of safety against vessel failure. However, as the reactor 
operates, neutron irradiation (fluence) reduces material fracture toughness. Reactor Pressure Vessel (RPV) 
integrity is assured by demonstrating that RPV material fracture toughness will remain at levels that resist 
brittle fracture throughout the period of SLR operation. The first step in the analysis of vessel embrittlement 
is calculation of the neutron fluence that causes increased embrittlement. 

Estimated RPV beltline and extended beltline fast neutron (E > 1.0 Me V) fluences at the end of 80 years of 
operation were calculated for North Anna Units 1 and 2. The analyses methodologies used to calculate the 
North Anna Units 1 and 2 RPV fluences satisfy the guidance set forth in Regulatory Guide 1.190, 
"Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron Fluence" (Reference 5). 
These methodologies have been approved by the U.S. NRC for the beltline region, i.e. materials directly 
surrounding the core and adjacent materials per 10 CPR 50, Appendix G (Reference 4 ), which are projected 
to experience the highest fluence. The methodologies, along with the NRC safety evaluation, are contained 
in detail in WCAP-14040-A (Reference 2). For North Anna Units 1 and 2, the beltline region has 
traditionally included the upper, intermediate, and lower shell forgings, and the circumferential welds 
between these components. Note that while a consistent approach is applied to the extended beltline, there 
is, at present, no generically-approved methodology for performing neutron fluence evaluations of the 
reactor vessel extended beltline. The traditional beltline and extended beltline materials are identified by 
heat numbers in Tables 2-3 and 2-4 and Figures 2-1 and 2-2. 

Materials exceeding a fast neutron (E > 1.0 MeV) fluence of 1.0 x 1017 n/cm2 at the end of the SLR period 
are evaluated for changes in fracture toughness. RPV materials that are not traditionally plant-limiting 
because of low levels of neutron radiation must now be evaluated to determine the accumulated fluence at 
SLR. Therefore, fast neutron (E > 1.0 MeV) fluence calculations were performed for the North Anna 
Units 1 and 2 RPV circumferential welds (lower shell to lower vessel head, intermediate shell to lower 
shell, and upper shell to intermediate shell), centerline of the inlet and outlet nozzle forging to vessel shell 
welds at the lowest extent, 1/4T flaw location in the inlet and outlet nozzle, and forgings (lower shell, 
intermediate shell, and upper shell), to determine if they will exceed a fast neutron (E > 1.0 Me V) fluence 
of 1.0 x 1017 n/cm2 at SLR. The materials that exceed the 1.0 x 1017 n/cm2 fast neutron (E > 1.0 MeV) 
fluence threshold, and were not evaluated in past analyses of record as part of the traditional beltline, are 
referred to as extended beltline materials in this ·report and are evaluated to determine the effect of neutron 
irradiation embrittlement during the SLR period. The need to evaluate these extended beltline material was 
previously identified during Dominion submittal and NRC review of the P-T limit curves with vacuum 
refill (Reference 19). 

In performing the fast neutron exposure evaluations for the North Anna Units 1 and 2 reactor vessels, a 
series of fuel-cycle-specific forward transport calculations were carried out using the following two­
dimensional/one-dimensional fluence rate synthesis technique: 

cp(r, z) 
cp(r, 0,z) = cp(r, 0) x cp(r) 

where cp(r, 0, z) is the synthesized 3D neutron fluence rate distribution, cp(r, 0) is the transport solution in 
r,0 geometry, cp(r, z) is the two-dimensional solution for a cylindrical reactor model using the actual axial 
core power distribution, and cp(r) is the one-dimensional solution for a cylindrical reactor model using the 
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same source per unit height as that used in the 1;0 two-dimensional calculation. This synthesis procedure 
was carried out for each operating cycle at North Anna Units 1 and 2. 

All of the transport calculations were carried out using the DORT discrete ordinates code (Reference 6) 
with the BUGLE-96 cross-section library (Reference 7). The BUGLE-96 library provides a coupled 47-
neutron-, 20-gamma-ray-group cross-section data set produced specifically for light water reactor 
applications. In these analyses, anisotropic scattering was treated with a Ps Legendre expansion and the 
angular discretization was modeled with an S16 order of angular quadrature. Energy- and space-dependent 
core power distributions, as well as system operating temperatures, were treated on a fuel-cycle-specific 
basis. 

The calculations for fuel Cycles 1 through 24 for North Anna Unit 1 and fuel Cycles 1 through 23 for North 
Anna Unit 2 determine the neutron exposure of the pressure vessel and surveillance capsules based on 
completed fuel cycles. For North Anna Unit 1, projections for Cycle 25 and beyond, up to and including 
EOLE (50.3 EFPY) and SLR (conservatively set to 72 EFPY), were based on the uprated core power level 
of2940 MWt and the uprated Cycle 24. For North Anna Unit 2, projections for Cycle 24 and beyond, up 
to and including EOLE (52.3 EFPY) and SLR (conservatively set to 72 EFPY), were based on the uprated 
core power level of2940 MWt and the uprated Cycle 23. These projections are used to perform the reactor 
vessel integrity evaluation contained herein. Projected results will remain valid as long as future plant 
operation is consistent with these conservative inputs. 

Table 2-1 gives the North Anna Unit 1 calculated fast neutron (E > 1.0 MeV) fluences at the capsule 
locations including all withdrawn surveillance capsules (Capsules V, U, and W). Table 2-2 gives the North 
Anna Unit 2 calculated fast neutron (E > 1.0 Me V) fluences at the capsule locations including all withdrawn 
surveillance capsules (Capsules V, U, and W). These fast neutron (E > 1.0 Me V) fluences were calculated 
using methodologies that follow the guidance of Regulatory Guide 1.190. 

Selected results for the pressure vessel from the neutron transport analyses are provided in Tables 2-3 and 
2-4 for North Anna Units 1 and 2, respectively. Calculated fast neutron (E > 1.0 MeV) fluence results for 
reactor vessel materials, on the pressure vessel clad/base metal interface, are provided for the nominal end 
of cycle (EOC) 24 for North Anna Unit 1 (29.7 EFPY) and nominal EOC 23 for North Anna Unit 2 (28.1 
EFPY), as well as projected fluence results up to 72 EFPY, which corresponds to the North Anna Units 1 
and 2 80-year plant life. 

From Table 2-3 it is observed that one outlet nozzle and two inlet nozzles have fast neutron (E > 1.0 Me V) 
fluence greater than 1.0 x 1017 n/cm2 at the nozzle forging to vessel shell weld centerline and one inlet 
nozzle has a fast neutron (E > 1.0 MeV) fluence greater than 1.0 x 1017 n/cm2 at the postulated 1/4T nozzle 
flaw location at 72 EFPY for North Anna Unit 1. From Table 2-4, it is observed that one outlet nozzle and 
two inlet nozzles have fast neutron (E > 1.0 Me V) fluence greater than 1.0 x 1017 n/cm2 at the nozzle forging 
to vessel shell weld centerline and one inlet nozzle has a fast neutron (E > 1.0 MeV) fluence greater than 
1.0 x 1017 n/cm2 at the postulated 1/4T nozzle flaw location at 72 EFPY for North Anna Unit 2. Tables 2-3 
and 2-4 indicate that the lower shell to lower vessel head circumferential weld will remain below 1.0 x 10 17 

n/cm2 through SLR for both North Anna Units 1 and 2. 

Figure 2-1 shows the axial boundary of the 1.0 x 1017 n/cm2 fluence threshold (at 50.3 EFPY and 72 EFPY) 
as a function of azimuthal position (Z versus 8) for North Anna Unit 1, whereas Figure 2-2 shows the same 
information (at 52.3 EFPY and 72 EFPY) for North Anna Unit 2. It is noted that the nozzle materials 
located above the nozzle centerline remain below 1.0 x 1017 n/cm2 through 72 EFPY Likewise, the lower 
shell to lower head circumferential weld remains out of the beltline region through 72 EFPY The data used 
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to generate Figures 2-1 and 2-2 are tabulated in Appendices A and B ofWCAP-18015-NP (Reference 8), 
respectively. 

Table 2-1 Calculated Fast Neutron Fluence (E > 1.0 MeV) at the Surveillance Capsule Center 
for North Anna Unit 1 (a) 

Cumulative Surveillance Capsules [n/cm2] 

Time 
Cycle [EFPY] 15° 25° 35° 45° 35°/15°(e) 

1 1.1 3.06E+l8(b) 2.01E+l8 l.37E+l8 l.07E+l8 l.37E+l8 

2 1.9 5.45E+l8 3.54E+l8 2.38E+l8 l.84E+l8 2.38E+l8 

3 2.9 7.65E+l8 5.01E+l8 3.34E+l8 2.58E+l8 3.34E+l8 

4 3.8 l.00E+l9 6.39E+l8 4.20E+l8 3.24E+l8 4.20E+l8 

5 4.8 1.18E+l9 7.59E+l8 5.03E+l8 3.91E+ 18 5.03E+l8 

6 5.9 l.40E+l9 9.14E+l8Cc) 6.06E+l8 4.70E+l8 6.06E+l8 

7 7.1 1.64E+l9 l.08E+l9 7.19E+l8 5.58E+ 18 7.19E+ 18 

8 8.4 l.89E+l9 l.25E+l9 8.41E+l8 6.54E+l8 8.41E+l8 

9 9.8 2.14E+l9 l.42E+ 19 9.59E+l8 7.46E+l8 9.59E+l8 

10 11.1 2.37E+l9 l.59E+l9 l.08E+l9 8.40E+l8 l.08E+l9 

11 12.4 2.59E+l9 l.75E+l9 l.19E+ 19 9.33E+ 18 l.19E+ 19 

12 13.5 2.79E+l9 l.90E+l9 l.29E+l9 l.01E+l9 l.29E+l9 

13 14.8 3.02E+l9 2.05E+ 19(d) l.40E+l9 l.09E+l9 l.40E+l9 

14 16.2 3.26E+l9 2.23E+l9 l.52E+l9 l.19E+l9 l.52E+ 19 

15 17.5 3.50E+l9 2.41E+ 19 l.65E+l9 l.29E+l9 l.76E+l9 

16 18.9 3.74E+l9 2.58E+l9 l.77E+ 19 l.38E+l9 2.01E+l9 

17 20.2 3.98E+l9 2.76E+l9 l.89E+l9 l.48E+l9 2.24E+l9 

18 21.6 4.22E+l9 2.94E+l9 2.02E+l9 l.58E+l9 2.49E+l9 

19 23.0 4.47E+ 19 3.l 1E+l9 2.14E+l9 l.68E+l9 2.73E+l9 

20 24.4 4.71E+l9 3.29E+l9 2.27E+l9 l.78E+l9 2.98E+l9 

21 25.8 4.95E+l9 3.47E+ 19 2.39E+l9 l.88E+l9 3.21E+l9 

22 26.9 5.13E+l9 3.60E+l9 2.49E+l9 l.96E+l9 3.39E+l9 

23 28.3 5.36E+l9 3.75E+l9 2.60E+l9 2.05E+l9 3.62E+l9 

24 29.7 5.59E+l9 3.92E+l9 2.73E+l9 2.16E+ 19 3.86E+l9 

Projected 50.3 9.11E+l9 6.48E+ 19 4.64E+l9 3.74E+l9 7.37E+l9 

Projected 54.0 9.74E+l9 6.94E+l9 4.98E+l9 4.03E+l9 8.00E+l9 

Projected 72.0 l.28E+20 9.17E+l9 6.65E+l9 5.41E+l9 l.l 1E+20 

Notes: 

(a) Information taken from WCAP-18015-NP (Reference 8). 

(b) Capsule V was withdrawn at the end-of-cycle 1. 

( c) Capsule U was withdrawn at the end-of-cycle 6. 

(d) Capsule W was withdrawn at the end-of-cycle 13. 

(e) Capsule Z was moved at the end-of-cycle 14. 

(f) Capsule Twas moved at the end-of-cycle 14. 

WCAP-18363-NP 

Clad/Base 
Metal 

35°/25°(fJ Interface 

l.37E+l8 l.90E+l8 

2.38E+l8 3.39E+l8 

3.34E+l8 4.78E+l8 

4.20E+l8 6.31E+l8 

5.03E+l8 7.42E+l8 

6.06E+ 18 8.75E+l8 

7.19E+l8 l.01E+l9 

8.41E+l8 l.14E+l9 

9.59E+l8 l.29E+l9 

l.08E+l9 l.41E+l9 

l.19E+l9 l.54E+l9 

1.29E+l9 l.65E+l9 

l.40E+l9 l.77E+l9 

l.52E+ 19 l.90E+l9 

l.70E+l9 2.03E+l9 

l.88E+l9 2.16E+l9 

2.05E+l9 2.28E+l9 

2.23E+l9 2.41E+l9 

2.41E+l9 2.55E+l9 

2.58E+l9 2.68E+l9 

2.76E+l9 2.81E+l9 

2.89E+l9 2.90E+l9 

3.04E+l9 3.03E+l9 

3.22E+l9 3.16E+l9 

5.77E+l9 5.13E+l9 

6.23E+l9 5.48E+l9 

8.46E+l9 7.20E+l9 
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Table 2-2 Calculated Fast Neutron Fluence (E > 1.0 MeV) at the Surveillance Capsule Center 
for North Anna Unit 2(a) 

Cumulative Surveillance Capsules [n/cm2] 
Time 

Cycle [EFPY] 15° 25° 35° 45° 35°/15°(e) 

1 1.0 2.86E+ 18Cb) 1.87E+18 1.27E+18 9.96E+17 l.27E+18 

2 1.6 4.68E+18 3.05E+18 2.06E+18 1.61E+18 2.06E+18 

3 2.7 6.99E+l8 4.86E+18 3.34E+18 2.62E+18 3.34E+18 

4 3.8 9.44E+ 18 6.53E+18 4.51E+18 3.57E+18 4.51E+18 

5 5.0 1.19E+ 19 8.20E+18 5.68E+18 4.48E+18 5.68E+18 

6 6.2 1.42E+ 19 9 .85E + 18Cc) 6.80E+ 18 5.35E+ 18 6.80E+18 

7 7.5 1.65E+19 1.14E+19 7.88E+18 6.21E+18 7.88E+l8 

8 8.7 1.87E+19 1.30E+19 8.97E+18 7.06E+18 8.97E+18 

9 9.9 2.09E+19 1.45E+19 1.0IE+19 8.00E+ 18 1.0IE+19 

10 11.3 2.30E+19 1.60E+19 l.12E+19 8.91E+18 1.12E+19 

11 12.5 2.52E+19 1.75E+19 1.23E+19 9.71E+18 1.23E+19 

12 13.8 2.75E+19 1.91E+19 1.33E+19 1.06E+19 1.33E+19 

13 15.1 2.99E+19 2.08E+ 19(d) 1.45E+19 1.15E+19 l.45E+19 

14 16.5 3.22E+19 2.25E+19 1.57E+19 1.24E+19 1.68E+19 

15 17.7 3.44E+ 19 2.41E+19 1.68E+19 1.32E+ 19 1.91E+19 

16 19.0 3.65E+19 2.56E+19 1.78E+19 1.41E+19 2.35E+19 

17 20.3 3.90E+19 2.75E+19 1.91E+19 1.50E+19 2.60E+19 

18 21.6 4.15E+ 19 2.93E+19 2.03E+19 1.59E+19 2.85E+19 

19 22.9 4.37E+19 3.09E+19 2.14E+19 1.68E+19 3.06E+19 

20 24.3 4.59E+19 3.25E+19 2.26E+19 1.77E+ 19 3.29E+19 

21 25.5 4.80E+19 3.41E+19 2.36E+19 1.86E+19 3.50E+19 

22 26.8 5.03E+19 3.57E+19 2.48E+19 1.95E+19 3.72E+19 

23 28.1 5.26E+l9 3.73E+19 2.59E+19 2.03E+19 3.96E+19 

Projected 52.3 9.75E+19 6.82E+19 4.63E+19 3.59E+19 8.44E+19 

Projected 54.0 1.0IE+20 7.04E+19 4.78E+19 3.70E+19 8.76E+19 

Projected 72.0 l.34E+20 9.33E+19 6.30E+l9 4.85E+19 1.21E+20 

Notes: 

(a) Information taken from WCAP-18015-NP (Reference 8). 

(b) Capsule V was withdrawn at the end-of-cycle 1. 

(c) Capsule U was withdrawn at the end-of-cycle 6. 

(d) Capsule W was withdrawn at the end-of-cycle 13. 

( e) Capsule Z was moved at the end-of-cycle 13. 

(f) Capsule Twas moved at the end-of-cycle 13. 
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Clad/Base 
Metal 

35°/25°(f) Interface 

1.27E+l8 

2.06E+18 

3.34E+18 

4.51E+18 

5.68E+18 

6.80E+18 

7.88E+18 

8.97E+18 

1.0IE+19 

1.12E+19 

l.23E+l9 

1.33E+19 

l.45E+19 

1.62E+l9 

1.78E+19 

1.93E+19 

2.12E+19 

2.30E+19 

2.46E+19 

2.62E+19 

2.78E+19 

2.94E+19 

3.10E+19 

6.19E+l9 

6.41E+ 19 

8.70E+19 

1.78E+18 

2.92E+18 

4.20E+18 

5.68E+18 

7.07E+18 

8.43E+18 

9.71E+18 

1.I0E+19 

1.22E+19 

1.34E+19 

1.46E+19 

1.59E+19 

1.71E+19 

1.84E+19 

1.96E+19 

2.07E+19 

2.20E+19 

2.33E+19 

2.44E+19 

2.56E+19 

2.67E+19 

2.80E+19 

2.92E+19 

5.36E+19 

5.53E+19 

7.34E+19 
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Table 2-3 North Anna Unit 1- Maximum Fast Neutron Fluence (E > 1.0 MeV) Experienced by 
the Pressure Vessel Materials in the Beltline and Extended Beltline Regions 

Material Region 
Neutron Fluence [n/cm2

] 

29.7 EFPY 50.3 EFPY 54EFPY 72 EFPY(a) 
Postulated l/4T Flaw in Inlet Nozzle 

Nozzle 09 (Ht. # 990290-11) Extended BeltlineCh) 1.65E+16 2.92E+16 3.15E+ 16 4.25E+16 
Nozzle l0(b) (Ht.# 990290-12) Extended Beltline 6.13E+16 1.04E+17 1.11E+l7 1.48E+17 
Nozzle 11 (Ht. # 990268-11) Extended BeltlineCh) 2.29E+16 3.94E+16 4.24E+l6 5.68E+16 

Postulated 1/4T Flaw in Outlet Nozzle 
Nozzle 12 (Ht.# 990290-31) Extended BeltlineCh) 3.62E+16 6.12E+ 16 6.57E+16 8.75E+16 
Nozzle 13 (Ht. # 990290-22) Extended BeltlineCh) 9.74E+l5 1.72E+16 1.86E+16 2.51E+16 
Nozzle 14 (Ht.# 990290-21) Extended BeltlineCh) l.35E+16 2.33E+16 2.50E+l6 3.35E+16 

Centerline of the Inlet Nozzle Forging 
to Vessel Shell Welds - Lowest 
ExtentCi) 

Nozzle 09 Extended BeltlineCh) 3.50E+16 6.17E+16 6.65E+l6 8.98E+16 
Nozzle 1 0(d) Extended Beltline l.30E+17 2.19E+17 2.35E+17 3.13E+17 
Nozzle 11 (e) Extended Beltline 4.85E+16 8.33E+ 16 8.95E+16 1.20E+l7 

Centerline of the Outlet Nozzle 
Forging to Vessel Shell Welds -
Lowest ExtentCi) 

Nozzle 12cc) Extended Beltline 7.53E+16 1.27E+17 l.37E+ 17 l.82E+17 
Nozzle 13 Extended BeltlineCh) 2.03E+16 3.59E+16 3.87E+ 16 5.22E+16 
Nozzle 14 Extended BeltlineCh) 2.82E+16 4.84E+16 5.20E+16 6.97E+16 

Upper Shell (Ht.# 990286 / 295213) Beltline l.30E+18 2.15E+18 2.30E+18 3.04E+ 18 
Upper Shell to Intermediate Shell 
Circumferential Weld Beltline 1.50E+18 2.48E+18 2.66E+l8 3.51E+18 
(Ht. # 25295 & 4278) 
Intermediate Shell 

Beltline 3.11E+19 5.03E+19 5.39E+l9 7.07E+19 
(Ht.# 990311 / 298244) 
Intermediate Shell to Lower Shell 

Beltline 3.09E+19 5.02E+19 5.36E+19 7.04E+19 
Circumferential Weld (Ht.# 25531) 
Lower Shell (Ht. # 990400 / 292332) Beltline 3.16E+19 5.13E+19 5.48E+l9 7.20E+ 19 
Lower Shell to Lower Vessel Head 

Outside Beltline < 1.00E+17 < 1.00E+17 < 1.00E+17 < 1.00E+17 Circumferential W eld(g)(i) 

Notes: 

(a) Corresponds to 80 years oflife. 

(b) 1/4 T Flaw in Inlet Nozzle Inlet 10 is projected to reach 1.0E+17 n/cm2 at approximately 48.5 EFPY; which corresponds to 
December 26, 2034(t)_ 

(c) Outlet Nozzle 12 is projected to reach 1.0E+ 17 n/cm2 at approximately 39.5 EFPY; which corresponds to June 6, 2025Ct)_ 

(d) Inlet Nozzle 10 reached 1.0E+17 n/cm2 at approximately 22.4 EFPY, which occurred during Cycle 19. 

(e) Inlet Nozzle 11 is projected to reach 1.0E+ 17 n/cm2 at approximately 60.3 EFPY; which corresponds to May 1, 2047Ct)_ 

(f) Note, the dates provided in notes b, c, and e are approximations based on an 18 month cycle and average outage time of25 days. 

(g) The lower shell to lower vessel head circumferential weld is not modeled, it is known to be below the lE+ 17 n/cm2 fast neutron 
fluence threshold due to the fact that: it is 32 cm further from the core midplane than the above-core threshold location at 72 EFPY, 
and that the coolant below the core is cooler than the coolant above the core, which increases the density and shielding effects, 
reducing the fluence below the core relative to above the core. 

(h) Component is conservatively included in the "Extended Beltline" even though its projected SLR fluence is less than lE+ 17 n/cm2 

(E > 1. 0 Me V) because, either a component at the same axial elevation meets the "Extended Beltline" fluence criterion, or the same 
component meets the fluence criterion at a lower elevation. 

(i) The specific heat numbers of these welds could not be identified in the available information. 
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• Inlet/Outlet Nozzle Postulated 1/4T Flaw Location 

X Lowest Extent of the Nozzle to Shell Weld 

- 1E+17 n/cm2 threshold at 50.3 EFPY 

- 1E+17 n/cm2 threshold at 72.0 EFPY 
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Figure 2-1 North Anna Unit 1-Axial Boundary of the 1.0E+17 n/cm2 Fast Neutron 
(E > 1.0 MeV) Fluence Threshold in the +Z Direction (at 50.3 EFPY and 72 EFPY) 
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Table 2-4 North Anna Unit 2 - Maximum Fast Neutron Fluence (E > 1.0 MeV) Experienced by 
the Pressure Vessel Materials in the Beltline and Extended Beltline Regions 

Region 
Neutron Fluence [n/cm2

] 

Material 
28.1 EFPY 52.3 EFPY 54 EFPY 72 EFPY(a) 

Postulated I/4T Flaw in Inlet Nozzle 
Nozzle 09 (Ht. # 990426) Extended Beltline<h) 1.56E+l6 2.85E+l6 2.94E+16 3.90E+16 
Nozzle l0(b)(Ht. # 54567-2) Extended Beltline 5.69E+16 1.07E+17 1.1 lE+l 7 1.48E+17 
Nozzle 11 (Ht. # 54590-2) Extended Beltline<h) 2.17E+16 4.05E+16 4.19E+l6 5.59E+16 

Postulated I/4T Flaw in Outlet Nozzle 
Nozzle 12 (Ht.# 990426-22) Extended Beltline<h) 3.36E+16 6.33E+16 6.54E+16 8.75E+ 16 
Nozzle 13 (Ht.# 990426-31) Extended Beltline<h) 9.18E+ 15 1.68E+l6 1.73E+16 2.30E+16 
Nozzle 14 (Ht.# 791291) Extended Beltline<h) l.28E+l6 2.39E+16 2.47E+l6 3.30E+16 

Centerline of the Inlet Nozzle Forging to 
Vessel Shell Welds - Lowest Extent 
(Ht.# 8816, 20459, & 27622) 

Nozzle 09 Extended Beltline<h) 3.29E+16 6.03E+l6 6.22E+16 8.26E+l6 
Nozzle 1 o<d) Extended Beltline l.21E+l7 2.27E+17 2.35E+l7 3.14E+l 7 
Nozzle 11 (e) Extended Beltline 4.60E+l6 8.58E+ 16 8.86E+ 16 1.18E+l 7 

Centerline of the Outlet Nozzle Forging 
to Vessel Shell Welds - Lowest Extent 
(Ht.# 8816, 20459, & 27622) 

Nozzle 12Cc) Extended B eltline 6.99E+l6 1.32E+17 1.36E+ 17 1.82E+17 
Nozzle 13 Extended B eltlineCh) 1.91E+l6 3.50E+16 3.61E+16 4.79E+16 
Nozzle 14 Extended B eltline<h) 2.67E+16 4.98E+l6 5.14E+l6 6.87E+16 

Upper Shell (Ht.# 990598 / 291396) Beltline 1.20E+18 2.23E+l8 2.30E+l8 3.07E+18 

Upper Shell to Intermediate Shell 
Circumferential Weld Beltline 1.38E+18 2.58E+18 2.66E+18 3.55E+ 18 
(Ht.# 4278 & 801) 
Intermediate Shell 

Beltline 2.87E+19 5.25E+l9 5.42E+l9 7.20E+l9 
(Ht. # 990496 I 292424) 
Intermediate Shell to Lower Shell 
Circumferential Weld Beltline 2.86E+19 5.24E+l9 5.41E+l9 7.18E+19 
(Ht. #716126) 

Lower Shell (Ht. # 990533 / 297355) Beltline 2.92E+19 5.36E+l9 5.53E+l9 7.34E+l9 

Lower Shell to Lower Vessel Head 
Outside Beltline < 1.00E+l7 < 1.00E+l7 < 1.00E+17 < 1.00E+l7 

Circumferential Weld(g) (Ht.# 716126) 

Notes: 

(a) Corresponds to 80 years oflife. 

(b) Postulated 1/4T Flaw in Inlet Nozzle Inlet 10 is projected to reach LOE+ 17 n/cm2 at approximately 48.8 EFPY; which corresponds 
to May 27, 2036(£)_ 

(c) Outlet Nozzle 12 is projected to reach L0E+17 n/cm2 at approximately 39.8 EFPY; which corresponds to February 4, 2027(t)_ 

(d) Inlet Nozzle 10 reached 1.0E+ 17 n/cm2 at approximately 23.1 EFPY, which occurred during Cycle 20. 

(e) Inlet Nozzle 11 is projected to reach LOE+ 17 n/cm2 at approximately 60.9 EFPY; which corresponds to February 12, 2049(£)_ 

(f) Note, the dates provided in notes b, c, and e are approximations based on an 18 month cycle and average outage time of 25 days. 

(g) The lower shell to lower vessel head circumferential weld is not modeled, it is known to be below the lE+ 17 n/cm2 fast neutron 
fluence threshold due to the fact that: it is 32 cm further from the core midplane than the above-core threshold location at 72 EFPY, 
and that the coolant below the core is cooler than the coolant above the core, which increases the density and shielding effects, 
reducing the fluence below the core relative to above the core. 

(h) Component is conservatively included in the "Extended Beltline" even though its projected SLR fluence is less than lE+ 17 n/cm2 

(E > 1.0 MeV) because, either a component at the same axial elevation meets the "Extended Beltline" fluence criterion, or the same 
component meets the fluence criterion at a lower elevation. 
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Figure 2-2 North Anna Unit 2 -Axial Boundary of the 1.0E+17 n/cm2 Fast Neutron 
(E > 1.0 MeV) Fluence Threshold in the +Z Direction (at 52.3 EFPY and 72 EFPY) 
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3 MATERIAL PROPERTY INPUT 

The requirements for P-T limit curve development are specified in 10 CFR 50, Appendix G (Reference 4). 
The beltline region of the reactor vessel is defined as the following in 10 CFR 50, Appendix G: 

"the region of the reactor vessel (shell material including welds, heat affected zones and 
plates or forgings) that directly surrounds the effective height of the active core and 
adjacent regions of the reactor vessel that are predicted to experience sufficient neutron 
radiation damage to be considered in the selection of the most limiting material with regard 
to radiation damage. " 

Materials which are predicted to experience neutron fluence greater than 1 x 1017 n/cm2 (E > 1 MeV) at the 
end of the licensed operating period should also be evaluated for neutron embrittlement effects. Materials 
which have not previously been considered in the beltline region, but are predicted to experience neutron 
fluence greater than 1 x 1017 n/cm2 are termed "extended beltline" materials. 

The North Anna Units 1 and 2 beltline materials consist of one (1) Intermediate Shell (IS) Forging, one (1) 
Lower Shell (LS) Forging, one (1) Upper Shell (US) Forging (also termed nozzle shell forging), and two 
(2) circumferential welds: the IS to LS Circumferential Weld and the US to IS Circumferential Weld. The 
reactor vessel (RV) forgings and weld materials are shown in Figure 3-1 for North Anna Units 1 and 2. 
Used in conjunction with the fluence data in Tables 2-3 and 2-4, and Figures 2-1 and 2-2, the beltline and 
extended beltline materials are identified as shown in Tables 3-1 and 3-2. 

The North Anna Unit 1 surveillance forging material was made from reactor vessel Lower Shell Forging 
03, Heat# 990400 / 292332. The North Anna Unit 1 reactor vessel beltline IS to LS Circumferential Weld 
was fabricated using weld wire Heat # 25 531, Flux Type SMIT 89, Flux Lot Number 1211. The weld 
material in the North Anna Unit 1 surveillance program was fabricated with the same material heat, flux 
type, and flux lot number as reactor vessel beltline IS to LS Circumferential Weld. The outer diameter 
(OD) 94% of the US to IS Circumferential Weld was fabricated with weld wire Heat# 25295, Flux Type 
SMIT 89, Flux Lot Number 1170 and the inner diameter (ID) 6% was fabricated with weld wire Heat # 
4278, Flux Type SMIT 89, Flux Lot Number 1211. Surveillance data does not exist for Heat# 25295 or 
Heat# 4278 in the North Anna Unit 1 reactor vessel surveillance program; however weld wire Heat# 25295 
or Heat# 4278 were included in the surveillance programs of other plants as summarized in Table 3-5. 

The North Anna Unit 2 surveillance forging material was made from reactor vessel Intermediate Shell 
Forging 04, Heat# 990496 / 292424. The North Anna Unit 2 reactor vessel beltline IS to LS Circumferential 
Weld was fabricated using weld wire Heat# 716126, LW320 Flux Type, Flux Lot Number 26. The weld 
material in the North Anna Unit 2 surveillance program was fabricated with the same material heat, flux 
type, and flux lot number as reactor vessel beltline IS to LS Circumferential Weld. The OD 94% of US to 
IS Circumferential Weld was fabricated with weld wire Heat# 4278, Flux Type SMIT 89, Flux Lot Number 
1211. Surveillance data does not exist for Heat# 4278 in the North Anna Unit 2 reactor vessel surveillance 
program; however, as previously stated, it was included in the surveillance programs of other plants, as 
summarized in Table 3-5. The remaining 6% of the US to IS Circumferential Weld was fabricated from 
weld wire Heat# 801, SMIT 89 Flux Type, Flux Lot Number 1211. Surveillance data does not exist for 
Heat# 801. 
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Based on the results of Section 2 of this report, the materials that exceed the 1 x 1017 n/cm2 (E > 1.0 MeV) 

threshold at 72 EFPY are considered to be the North Anna Units 1 and 2 extended beltline materials and 

are evaluated to determine their impact on the proposed SLR period of operation. The North Anna Units 1 

and 2 reactor vessels contain three (3) Inlet Nozzles, three (3) Outlet Nozzles, three (3) Inlet Nozzle to US 

Welds, and three (3) Outlet Nozzle to US Welds per Unit. Only the forgings and welds corresponding to 

the North Anna Units 1 and 2 Inlet Nozzles 10, Inlet Nozzles 11, and Outlet Nozzles .12 are predicted to 

experience neutron fluence greater than 1.0 x 1017 n/cm2 at SLR. Only those materials with a fluence greater 

than 1 x 1017 n/cm2 (E > 1.0 MeV) at SLR require the effects of embrittlement to be included when 

evaluating the reactor vessel integrity. 

For the Unit 1 Inlet/Outlet Nozzle to US Welds, the heat numbers, flux type, and flux lot numbers of these 

welds could not be identified in the available information; however, these welds were fabricated at the 

Rotterdam Dockyard Company (Rotterdam). Therefore, conservative generic/bounding properties from 

PWROG-17090-NP-A (Reference 12) are used. The Unit 2 Inlet/Outlet Nozzle to US Welds were 

fabricated using Heat# 8816, Flux Type LW320, Lot Number 28; Heat# 20459, Flux Type LW320, Lot 

Number 26; and Heat# 27622, Flux Type LW320, Lot Numbers 26 & 28. The records do not identify 

which weld heats are associated with which specific nozzles. Therefore, the bounding material properties 

(which consider all available data, as documented in PWROG-18005-NP [Reference 9]) will be 

conservatively associated with all North Anna Unit 2 nozzle welds. Justification for the use of PWROG-

17090-NP-A, consistent with the NRC Safety Evaluation, is presented in Appendix K. 

The unirradiated material property inputs used for the RV integrity evaluations herein are contained in 
PWROG-18005-NP (Reference 9). PWROG-18005-NP defined or redefined many of the material 
properties and chemistry values using the most up-to-date methodologies and all available data; therefore, 
the values utilized herein supersede previously documented values. The sources and methods used in the 
determination of the chemistry factors and the fracture toughness properties are summarized below. 

Chemical Compositions 

The best-estimate copper (Cu) and nickel (Ni) chemical compositions for the North Anna Units 1 and 2 
beltline and extended beltline materials are presented in Tables 3-1 and 3-2. The best-estimate weight 
percent copper and nickel values for the beltline and extended beltline materials were previously reported 
in PWROG-18005-NP. 

Fracture Toughness Properties 

The initial fracture toughness properties (initial RTNDT and initial USE) of most of the beltline and extended 
beltline forging materials were originally determined using NUREG-0800, BTP 5-3 Position 1.1 (Reference 
10) methodology. The exceptions are the North Anna Units 1 and 2 IS Forging 04, and LS Forging 03 
which were determined using the ASME Code, Section III (Reference 11) methods. Many of the beltline 
and extended beltline fracture toughness properties were updated per ASME Section III and NUREG-0800, 
BTP 5-3 Position 1.1 methodologies, as described in PWROG-18005-NP. The most up-to-date initial RTNDT 
and initial USE values are documented in PWROG-18005-NP for North Anna Units 1 and 2. The beltline 
and extended beltline material properties of the North Anna Units 1 and 2 reactor vessels are presented in 
Tables 3-1 and 3-2 herein. 
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The initial RT NDT values of the reactor vessel flange and closure head serve as input to the P-T limit curves 
"flange-notch" per 10 CPR 50, Appendix G (Reference 4). Since North Anna Units 1 and 2 share P-T Limit 
curves for operation, materials for both plants must be considered concerning input acceptability. The 
closure heads at both North Anna Units 1 and 2 have been replaced, and the initial RT NDT values of the 
North Anna Units 1 and 2 flange materials were confirmed in PWROG-18005-NP (Reference 9). The 
North Anna Unit 1 replacement closure head flange has an initial RTNDT value of -76°F, determined per 
ASME Code Section III, NB-2300. The North Anna Unit 1 reactor vessel flange has an initial RTNDT of -
22°F, calculated using the BTP 5-3 methodology. The North Anna Unit 2 replacement head flange has an 
initial RTNDT value of -49°F, determined per ASME Code Section III, NB-2300. The North Anna Unit 2 
reactor vessel flange has an initial RTNDT of -22°F, calculated using the BTP 5-3 methodology. See 
Table 3-3 for a summary of the initial RTNDT values for these two components at each plant. 

It is also noted that direct fracture toughness Master Curve data is available for North Anna Unit 1 Lower 
Shell Forging 03, as described in Appendix H. 

Chemistry Factor Values 

The chemistry factor (CF) values were calculated using Positions 1.1 and 2.1 of Regulatory Guide 1.99, 
Revision 2 (Reference I). Position 1.1 uses Tables 1 and 2 from the Regulatory Guide along with the best­
estimate copper and nickel weight percent values ( contained in Tables 3-1 and 3-2). Position 2.1 uses the 
surveillance capsule data from all capsules tested to date and surveillance data from other plants, as 
applicable. Credibility evaluations of the North Anna Units 1 and 2 surveillance data are provided in 
Appendix E of this report. The calculated capsule fluence values are provided in Tables 2-1 and 2-2 and 
are used to determine the Position 2.1 CFs as shown in Tables 3-4 and 3-6 for North Anna Units 1 and 2, 
respectively. In addition, North Anna Units 1 and 2 utilize weld materials which are included in the 
Sequoyah Units 1 and 2 surveillance programs. Table 3-5 calculates the Position 2.1 CFs from the Sequoyah 
Units 1 and 2 surveillance weld materials for use in North Anna Units 1 and 2 calculations. The credibility 
evaluations of the Sequoyah Units 1 and 2 surveillance data are contained in WCAP-17539-NP (Reference 
15). Tables 3-7 and 3-8 summarize the Positions 1.1 and 2.1 CF values determined for the North Anna 
Units 1 and 2 RPV beltline and extended beltline materials, respectively. Appendix I contains a description 
of the North Anna licensing basis relative to selection of CFs when surveillance data is available. 
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Table 3-1 Best-Estimate Cu and Ni Weight Percent Values, Initial RTNoT Values, and Initial USE 
Values for the North Anna Unit 1 RPV Beltline and Extended Beltline Materials<a) 

Material Description 
Heat Flux Type Wt.% Wt.% RTNDT(U)(b) Initial USE 

Number (Lot) Cu Ni (OF) (ft-lbs) 
Reactor Vessel Beltline Materials 

Upper Shell Forging 05 
990286 I 

0.16 0.74 1 72 
295213 

-

Upper to Intermediate 
SMIT 89 

Shell Circumferential 25295 
(1170) 

0.352 0.125 -40 112 
Weld (94% OD) 

Upper to Intermediate 
SMIT 89 

Shell Circumferential 4278 
(1211) 

0.12 0.11 -4 105 
Weld (6%ID) 

Intermediate Shell 990311 I 
0.12 0.82 -6 91 

Forging 04 298244 -
Intermediate to Lower 

SMIT 89 
Shell Circumferential 25531 

(1211) 
0.098 0.124 -2 95 

Weld 

Lower Shell Forging 03 
990400 I 

0.156 0.817 33 85 
292332 

-

Reactor Vessel Extended Beltline Materials 

Inlet/Outlet Nozzle to Rotterdam(d) o.35(c) l .13(c) 30(d) 72(c) 
Upper Shell Welds 

Inlet Nozzle Forging 09 990290-11 - 0.13 0.80 -14 2: 71 

Inlet Nozzle Forging 10 990290-12 - 0.13 0.79 -10 2: 58 

Inlet Nozzle Forging 11 990268-21 - 0.18 0.78 8 56(c) 

Outlet Nozzle Forging 12 990290-31 - 0.13 0.80 -6 2: 66 

Outlet Nozzle Forging 13 990290-22 - 0.13 0.81 -7 2: 59 

Outlet Nozzle Forging 14 990290-21 - 0.13 0.81 8 2: 59 

Reactor Vessel Surveillance Program Materials(e) 

Lower Shell Forging 03 
990400 I 

0.158 0.823 
292332 

- - -

Intermediate to Lower 
SMIT 89 

Shell Circumferential 25531 
(1211) 

0.098 0.124 - -
Weld 

Notes: 
( a) Unless otherwise noted, the information is extracted from PWROG-18005-NP (Reference 9). Dashes indicate when a category 

is not applicable to the material. 
(b) All RTNDT(U) values are based on measured data which are used in conjunction with ASME Code Section III (Reference 11) 

and/or BTP 5-3 (Reference 10) methods; thus, a 01 value of0°F can be used with these RTNDT(U) values per WCAP-14040-A, 
Revision 4 (Reference 2). 

( c) Generic value developed in PWROG-17090-NP-A (Reference 12). Justification for the use of these values, consistent with 
the NRC Safety Evaluation, are presented in Appendix K. 

( d) The specific heat, flux type, and flux lot numbers of these welds could not be identified in the available information; therefore, 
conservative generic numbers will be used to describe these welds. The RTNDT(U) value was determined using ASME Code 
Section III minimum criteria at the time of fabrication and BTP 5-3 (Reference 10), Position 1.1(4) guidance. Since this is a 
maximum possible value based on measured data that satisfied the ASME requirements, the 01 associated with this RTNDT(U) 
is zero. 

(e) The reactor vessel surveillance material data is taken from Dominion Energy calculation SM-1008 (Reference 16). 
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Table 3-2 Best-Estimate Cu and Ni Weight Percent Values, Initial RTNDT Values, and Initial USE 
Values for the North Anna Unit 2 RPV Beltline and Extended Beltline Materials<a) 

Material Description 
Heat Flux Type Wt.% Wt.% 

Number (Lot) Cu Ni 

Reactor Vessel Beltline Materials 

Upper Shell Forging 05 
990598 I 

0.08 0.77 
291396 

-

Upper to Intermediate 
SMIT 89 

Shell Circumferential 4278 
(1211) 

0.12 0.11 
Weld (94% OD) 

Upper to Intermediate 
SMIT 89 

Shell Circumferential 801 
(1211) 

0.18 0.11 
Weld (6%ID) 

Intermediate Shell 990496 I 
0.107 0.857 

Forging 04 292424 -

Intermediate to Lower 
LW320 

Shell Circumferential 716126 
(26) 

0.066 0.046 
Weld 

Lower Shell Forging 03 
990533 I 

0.13 0.83 
297355 

-

Reactor Vessel Extended Beltline Materials 

8816 
LW320 

(28) 

20459 
LW320 

Inlet/Outlet Nozzle to (26) o.23(c) 0.56(c) 
Upper Shell Welds LW320 

27622 
(26) 

27622 
LW320 

(28) 

Inlet Nozzle Forging 09 990426 - 0.19 0.82 

Inlet Nozzle Forging 10 54567-2 - 0.14 0.79 

Inlet Nozzle Forging 11 54590-2 - 0.155 0.77 

Outlet Nozzle Forging 12 990426-22 - 0.19 0.80 

Outlet Nozzle Forging 13 990426-31 - 0.19 0.79 

Outlet Nozzle Forging 14 791291 - 0.12 0.82 

Reactor Vessel Surveillance Program Materials(e) 

Intermediate Shell 990496 I 
0.116 0.886 

Forging 04 292424 -

Intermediate to Lower 
LW320 

Shell Circumferential 716126 
(26) 

0.067 0.052 
Weld 

Notes contained on the following page. 

WCAP-18363-NP 

RTNDT(U)(b) 
(OF) 

8 

-4 

10 

69 

-67 

37 

30(d) 

11 

5 

-31 

8 

1 

-22 

-

-

Initial USE 
(ft-lbs) 

72 

105 

75(c) 

72 

109 

80 

75(c) 

56(c) 

?:.77 

?:. 75 

?:. 60 

56(c) 

?:.74 

-

-
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Notes: 

( a) Unless otherwise noted, the information is extracted from PWROG-18005-NP (Reference 9). Dashes indicate when a category 
is not applicable to the material. 

(b) All RTNDT(U) values are based on measured data which are used in conjunction with ASME Code Section III (Reference 11) 
and/or BTP 5-3 (Reference 10) methods; thus, a or value of0°F can be used with these RTNDT(U) values per WCAP-14040-A, 
Revision 4 (Reference 2). 

(c) Generic value developed in PWROG-17090-NP-A (Reference 12). Justification for the use of these values, consistent with 
the NRC Safety Evaluation, are presented in Appendix K. 

( d) The records do not identify which weld heats are associated with which specific nozzle welds. Therefore, the bounding 
material properties will be conservatively associated with all Unit 2 nozzle welds. The RTNDT(U) value was determined using 
ASME Code Section III minimum criteria at the time of fabrication and BTP 5-3 (Reference 10), Position 1.1(4) guidance. 
Since this is a maximum possible value based on measured data that satisfied the ASME requirements, the or associated with 
this RTNDT(U) is zero. 

(e) The reactor vessel surveillance material data is taken from Dominion Energy calculation SM-1008 (Reference 16). 
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Table 3-3 

Note: 

Westinghouse Non-Proprietary Class 3 3-8 

Initial RTNnT Values for the North Anna Units 1 and 2 Replacement Reactor Vessel 
Closure Head and Vessel Flange Materials(a) 

Unit 1 Unit2 

Reactor Vessel Material Initial RT NDT Initial RT NDT 

(OF) (OF) 

Replacement Closure Head -76 -49 

Vessel Flange -22 -22 

(a) The information is extracted from PWROG-18005-NP (Reference 9). 

Table 3-4 Calculation of Position 2.1 CF Values for North Anna Unit 1 Surveillance Materials 

Capsule 

Material Capsule 
Fluence(a) FF(b) ARTNDT(c) FF*ARTNDT FF2 

(x 1019 n/cm2, (OF) (OF) 
E> 1.0 MeV) 

Lower Shell V 0.306 0.675 51 34.44 0.456 

Forging 03 u 0.914 0.975 116 113.08 0.950 
(Tangential) w 2.05 1.196 93 111.19 1.429 

Lower Shell V 0.306 0.675 29 19.59 0.456 

Forging 03 u 0.914 0.975 72 70.19 0.950 
(Axial) w 2.05 1.196 96 114.77 1.429 

SUM: 463.25 5.671 

CF surveillance Forging= L(FF * ~RTNDT) + L (FF)2 = (463.25) + (5.671) = 81.68°F 

Surveillance V 0.306 0.675 88 59.43 0.456 

Weld Metal u 0.914 0.975 30 29.24 0.950 
(Heat# 25531) w 2.05 1.196 86 102.82 1.429 

SUM: 191.50 2.836 

CFsurveillanceWeld= L (FF* AATNDT) + L (FF)2 = (191.50) + (2.836) = 67.53°F 

Notes: 

(a) The fluence values are taken from Table 2-1 of this report. 

(b) FF = fluence factor = f(0-28 - o. io*Iog Cf)). 

(c) Lill.TNDT values are extracted from BAW-2356 (Reference 13). Chemistry adjustments are not performed because the beltline 
and surveillance materials are identical and/or not adjusting for chemical composition is conservative. 
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Table 3-5 

Material 

Sequoyah 1 
Surveillance 

Weld Material 
(Heat # 25295) 

Sequoyah 2 
Surveillance 

Weld Material 
(Heat # 4278)<d) 

Notes: 

Westinghouse Non-Proprietary Class 3 3-9 

Calculation of Position 2.1 CF Values for North Anna Units 1 and 2 Welds with Data 
from Other Plant Surveillance Programs 

Capsule 

Capsule 
FluenceCa) FF(b) LlRTND/a)(c) FF*LlRTNDT FF2 

(x 1019 n/cm2, (OF) (OF) 
E>l.OMeV) 

T 0.241 0.615 
123.79 

76.11 0.378 
(127.79) 

u 0.693 0.897 
140.92 

126.43 0.805 
(144.92) 

X 1.16 1.041 
155.02 

161.44 1.085 
(159.02) 

y 1.97 1.185 
159.80 

1.405 
(163.80) 

189.39 

SUM: 553.37 3.672 

CFsurveillanceWeld = L(FF * ~RTNDT) + L (FF)2 = (553.37) + (3.672) = 150.69°F 

T 0.244 0.618 
70.56 

43.60 0.382 
(74.56) 

u 0.654 0.881 
126.38 

111.34 0.776 
(130.38) 

X 1.16 1.041 
40.22 

41.89 1.085 
(44.22) 

y 2.02 1.192 
82.91 

1.420 
(86.91) 98.81 

SUM: 295.63 3.663 

CFsurveillanceWeld= L (FF* ~RTNDT) + L (FF)2 = (295.63) + (3.663) = 80.71°F(d) 

(a) Sequoyah Units 1 and 2 surveillance data are taken from WCAP-17539-NP (Reference 15). 

(b) FF = fluence factor = t<0·28 - 0· 1 O*log (±)). 

(c) The surveillance weld MTNDT values have been decreased by 4°F (547°F - 551°F) to account for the difference in the 
operating temperature between the Sequoyah and North Anna units. Pre-adjusted values are listed in parentheses. Chemistry 
adjustments are not performed since the Sequoyah Units 1 and 2 surveillance weld CF values are 178.7°F and 67.9°F, 
respectively. This results in Position 1.1 CF ratios less than 1; therefore, not adjusting for chemical composition is 
conservative. 

( d) Since North Anna Units 1 and 2 have same vessel weld CF and inlet temperature, the results apply to both units. 
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Table 3-6 Calculation of Position 2.1 CF Values for North Anna Unit 2 Surveillance Materials 

Capsule 

Material Capsule 
FluenceCa) FFCb) ARTNo/c) FF*ARTNDT FF2 

(x 1019 n/cm2, E (OF) (OF) 
> 1.0 MeV) 

Intermediate V 0.286 0.658 19 12.50 0.433 

Shell Forging 04 u 0.985 0.996 33 32.86 0.992 
(Tangential) w 2.08 1.199 86 103.14 1.438 

Intermediate V 0.286 0.658 21 13.82 0.433 

Shell Forging 04 u 0.985 0.996 66 65.72 0.992 
(Axial) w 2.08 1.199 65 77.96 1.438 

SUM: 306.00 5.726 

CF surveillance Forging= L(FF * ~RTNDT) + L (FF)2 = (306.00) + (5.726) = 53.44°F 

Surveillance V 0.286 0.658 18 11.84 0.433 

Weld Metal u 0.985 0.996 8 7.97 0.992 
(Heat# 716126) w 2.08 1.199 47 56.37 1.438 

SUM: 76.18 2.863 

CF surveillance Weld= L (FF* ~RTNDT) + L (FF)2 = (76.18) + (2.863) = 26.61°F 

Notes: 

(a) The fluence values are taken from Table 2-2 of this report. 

(b) FF = fluence factor = f(0-28 - O. IO*Iog (f)). 

(c) LlRTNDT values are extracted from BAW-2376 (Reference 14). Chemistry adjustments are not performed because the beltline 
and surveillance materials are identical and/or not adjusting for chemical composition is conservative. 
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Table 3-7 Summary of the North Anna Unit 1 RPVBeltline, Extended Beltline, and Surveillance 
Material CF Values based on Regulatory Guide 1.99, Revision 2, Position 1.1 and 
Position 2.1 

Flux Type 
Chemistry Factor 

Material Heat Number Position 1.1 (a) Position 2.1 (h) (Lot) 
(OF) (OF) 

Reactor Vessel Beltline Materials 

Upper Shell Forging 05 
990286 I 

121.50 
295213 - -

Upper to Intermediate Shell 
25295 

SMIT 89 
163.25 150.69 

Circumferential Weld (OD 94%) (1170) 

Upper to Intermediate Shell 
. 4278 

SMIT 89 
63.00 80.71 

Circumferential Weld (ID 6%) (1211) 

Intermediate Shell Forging 04 
990311 I 

86.00 
298244 

- -

Intermediate to Lower Shell 
25531 

SMIT 89 
56.22 67.53 

Circumferential Weld (1211) 

Lower Shell Forging 03 
990400 I 

119.97 81.68 
292332 

-

Reactor Vessel Extended Beltline Materials 

Inlet/Outlet Nozzle to 
Rotterdam 293.45 

Upper Shell Welds 
- -

Inlet Nozzle Forging 09 990290-11 - 96.00 -

Inlet Nozzle Forging 10 990290-12 - 95.75 -

Inlet Nozzle Forging 11 990268-21 - 140.30 -

Outlet Nozzle Forging 12 990290-31 - 96.00 -

Outlet Nozzle Forging 13 990290-22 - 96.00 -

Outlet Nozzle Forging 14 990290-21 - 96.00 -

Reactor Vessel Surveillance Program Materials 

Lower Shell Forging 03 
990400 I 

121.63 
292332 

- -

Intermediate to Lower Shell 
25531 

SMIT 89 
56.22 

Circumferential Weld (1211) -

Notes: 

( a) All values are based on Tables 1 and 2 of Regulatory Guide 1.99, Revision 2 (Position 1.1) using the Cu and Ni weight percent 
values given in Table 3-1 of this report. Dashes indicate when a category is not applicable to the material. 

(b) Values are from Tables 3-4 and 3-5 of this report. 
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Table 3-8 Summary of the North Anna Unit 2 RPV Beltline, Extended Beltline, and Surveillance 
Material CF Values based on Regulatory Guide 1.99, Revision 2, Position 1.1 and 
Position 2.1 

Flux Type 
Chemistry Factor 

Material Heat Number Position 1.1 (a) Position 2.1 (b) (Lot) 
(OF) (OF) 

Reactor Vessel Beltline Materials 

Upper Shell Forging 05 
990598 I 

51.00 
291396 

- -

Upper to Intermediate Shell 
4278 

SMIT 89 
63.00 80.71 

Circumferential Weld (OD 94%) (1211) 

Upper to Intermediate Shell 
801 

SMIT 89 
87.80 

Circumferential Weld (ID 6%) (1211) 
-

Intermediate Shell Forging 04 
990496 I 

74.00 53.44 
292424 

-

Intermediate to Lower Shell 
716126 

LW320 
36.09 26.61 

Circumferential Weld (26) 

Lower Shell Forging 03 
990533 I 

96.00 
297355 

- -

Reactor Vessel Extended Beltline Materials 

Inlet/Outlet Nozzle to 
8816 

LW320 
Upper Shell Welds 

20459 
(26 & 28) 

163.20 -
27622 

Inlet Nozzle Forging 09 990426 - 150.40 -

Inlet Nozzle Forging 10 54567-2 - 104.75 -

Inlet Nozzle Forging 11 54590-2 - 118.25 -

Outlet Nozzle Forging 12 990426-22 - 150.00 -

Outlet Nozzle Forging 13 990426-31 - 149.60 -

Outlet Nozzle Forging 14 791291 - 86.00 -

Reactor Vessel Surveillance Program Materials 

Intermediate Shell Forging 04 
990496 I 

82.40 
292424 

- -

Intermediate to Lower Shell 
716126 

LW320 
37.08 

Circumferential Weld (26) -

Notes: 

(a) All values are based on Tables 1 and 2 of Regulatory Guide 1.99, Revision 2 (Position 1.1) using the Cu and Ni weight percent 
values given in Table 3-2 of this report. Dashes indicate when a category is not applicable to the material. 

(b) Values are from Tables 3-5 and 3-6 of this report. 
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CRITERIA FOR ALLOWABLE 
RELATIONSHIPS 

PRESSURE-TEMPERATURE 

4.1 OVERALLAPPROACH 

The ASME (American Society of Mechanical Engineers) 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, K1c, for the metal temperature at that time. K1c is obtained from the reference 
fracture toughness curve, defined in the 1998 Edition through 2000 Addenda of Section XI, Appendix G of 
the ASME Code (Reference 3). The K1c curve is given by the following equation: 

where, 

K1c = 33.2 + 20.734 * e[o.oz(T-RTNvr)] (1) 

reference stress intensity factor as a function of the metal temperature T and the 
metal reference nil-ductility temperature RT NDT 

This K1c curve is based on the lower bound of static critical Ki values measured as a function of temperature 
on specimens of SA-533 Grade B Class 1, SA-508-1, SA-508-2, and SA-508-3 steel. 

4.2 METHODOLOGY FOR PRESSURE-TEMPERATURE LIMIT CURVE 
DEVELOPMENT 

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

where, 

C* Kim+ K1t < K1c (2) 

K1m stress intensity factor caused by membrane (pressure) stress 

Ki1 stress intensity factor caused by the thermal gradients 

K1c reference stress intensity factor as a function of the metal temperature T and the metal 
reference nil-ductility temperature RT NDT 

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 
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For membrane tension, the corresponding Kr for the postulated defect is: 

where, Mm for an inside axial surface flaw is given by: 

Mm 1.85 for ✓t < 2, 

Mm 0.926✓t for 2 ~ ✓t ~ 3.464, 

Mm 3.21 for ✓t > 3.464 

and, Mm for an outside axial surface flaw is given by: 

Mm 1.77 for ✓t < 2, 

Mm 0.893 ✓t for 2 ~-Ji~ 3.464, 

Mm 3.09 for ✓t > 3.464 

Similarly, Mm for an inside or an outside circumferential surface flaw is given by: 

where, 

Mm 0.89 for ✓t < 2, 

Mm 0.443 ✓t for 2 ~-Ji~ 3.464, 

Mm 1.53 for ✓t > 3.464 

p = internal pressure (ksi), 
Ri = vessel inner radius (in), and 
t = vessel wall thickness (in). 

For bending stress, the corresponding Kr for the postulated axial or circumferential defect is: 

Klb = Mb* Maximum Bending Stress, where Mb is two-thirds of Mm 

4-2 

(3) 

(4) 

The maximum Kr produced by radial thermal gradient for the postulated axial or circumferential inside 

surface defect of G-2120 is: 

Krt = 0.953 X I 0-3 X CR X t2
·
5 (5) 

where CR is the cooldown rate in °F/hr., or for a postulated axial or circumferential outside surface defect 

where HU is the heatup rate in °F/hr. 

WCAP-18363-NP 

Krt = 0.753 X 10-3 X HUX t2·5 (6) 
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The through-wall temperature difference associated with the maximum thermal Kr can be determined from 
ASME Code, Section XI, Appendix G, Figure G-2214-1. The temperature at any radial distance from the 
vessel surface can be determined from ASME Code, Section XI, Appendix G, Figure G-2214-2 for the 
maximum thermal Kr. 

(a) The maximum thermal Kr relationship and the temperature relationship in Figure G-2214-1 are 
applicable only for the conditions given in G-2214.3(a)(l) and (2). 

(b) Alternatively, the Kr for radial thermal gradient can be calculated for any thermal stress distribution 
and at any specified time during cooldown for a ¼-thickness axial or circumferential inside surface 
defect using the relationship: 

Kir = (l.0359Co + 0.6322C1 + 0.4753C2 + 0.3855C3) *-.J-;;; 
(7) 

or similarly, Krt during heatup for a ¼-thickness outside axial or circumferential surface defect 
using the relationship: 

Kir = (l.043Co + 0.630C1 + 0.481C2 + 0.401C3) *~ 
(8) 

where the coefficients Co, C1, C2, and C3 are determined from the thermal stress distribution at any 
specified time during the heatup or cooldown using the form: 

(9) 

and xis a variable that represents the radial distance (in) from the appropriate (i.e., inside or outside) 
surface to any point on the crack front, and a is the maximum crack depth (in). 

Note that Equations 3, 7, and 8 were implemented in the OPERLIM computer code, which is the program 
used to generate the pressure-temperature (P-T) limit curves. The P-T curve methodology is the same as 
that described in WCAP-14040-A, Revision 4, "Methodology Used to Develop Cold Overpressure 
Mitigating System Setpoints and RCS Heatup and Cooldown Limit Curves" (Reference 2) Section 2.6 
( equations 2.6.2-4 and 2.6.3-1 ). Finally, the reactor vessel metal temperature at the crack tip of a postulated 
flaw is determined based on the methodology contained in Section 2.6.1 of WCAP-14040-A, Revision 4 
(equation 2.6.1-1). This equation is solved utilizing values for thermal diffusivity of 0.518 ft2/hr at 70°F 
and 0.379 ft2/hr at 550°F and a constant convective heat-transfer coefficient value of 7000 Btu/hr-ft2-0 F. 

At any time during the heatup or cooldown transient, K1c is determined by the metal temperature at the tip 
of a postulated flaw (the postulated flaw has a depth of 1/4 of the section thickness and a length of 1.5 times 
the section thickness per ASME Code, Section XI, Paragraph G-2120), the appropriate value for RTNDT, 
and the reference fracture toughness curve (Equation 1 ). The thermal stresses resulting from the 
temperature gradients through the vessel wall are calculated, and then the corresponding (thermal) stress 
intensity factors, Krt, for the reference flaw are computed. From Equation 2, the pressure stress intensity 
factors are obtained, and from these the allowable pressures are calculated. 
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For the calculation of the allowable pressure versus coolant temperature during cooldown, the reference 
1/4 T flaw of Appendix G to Section XI of 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 vessel wall because 
the thermal gradients, which increase with increasing cooldown rates, produce tensile stresses at the inside 
surface that would tend to open (propagate) the existing flaw. Allowable pressure-temperature curves are 
generated for steady-state (zero-rate) and each finite cooldown rate specified. From these curves, composite 
limit curves are constructed as the minimum of the steady-state or finite rate curve for each cooldown rate 
specified. 

The use of the composite curve in the cooldown analysis is necessary because control of the cooldown 
procedure is based on the measurement of reactor coolant temperature, whereas the limiting pressure is 
actually dependent on the material temperature at the tip of the assumed flaw. During cooldown, the 1/4T 
vessel location is at a higher temperature than the 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 ~ T (temperature) across the vessel wall developed during cooldown results in a higher value of K1c at 
the 1/4 T location for finite cooldown rates than for steady-state operation. Furthermore, if conditions exist 
so that the increase in K1c exceeds Kit, the calculated allowable pressure during cooldown will be greater 
than the steady-state value. 

The above procedures are needed because there is no direct control on temperature at the 1/4T location, and 
therefore allowable pressures could be lower 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 1/4 T 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 K1c for the inside 1/4 T flaw during heatup is lower than the K1c for the flaw during steady­
state conditions at the same coolant temperature. During heatup, especially at the end of the transient, 
conditions may exist so that the effects of compressive thermal stresses and lower K1c 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 1/4 T 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. 

The third portion of the heatup analysis concerns the calculation of the pressure-temperature limitations for 
the case in which a 1/4T flaw located at the 1/4T location from the outside surface is assumed. Unlike the 
situation at the vessel inside surface, the thermal gradients established at the outside surface during heatup 
produce stresses which are tensile in nature and therefore tend to reinforce any pressure stresses present. 
These thermal stresses are dependent on both the rate of heatup and the time ( or coolant 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 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 
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comparison of the steady-state and finite heatup rate data. At any given temperature, the allowable pressure 
is taken to be the least 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 all times be based on analysis of the most critical criterion. 

4.3 LOWEST SERVICE TEMPERATURE REQUIREMENTS 

North Anna Units 1 and 2 are Westinghouse-designed plants; thus, the primary Reactor Coolant System 
(RCS) piping is stainless steel. Therefore, the lowest service temperature requirements of Paragraph 
NB-2332 of ASME Code Section III (Reference 11) do not apply to the North Anna Units 1 and 2 reactor 
vessels. See Appendix C for additional details. 

4.4 CLOSURE HEADNESSEL FLANGE REQUIREMENTS 

10 CFR Part 50, Appendix G (Reference 4) addresses the metal temperature of the closure head flange and 
vessel flange regions. This rule states that the metal temperature of the closure head regions must exceed 
the material unirradiated RT NDT by at least 120°F for normal operation when the pressure exceeds 20 percent 
of the preservice hydrostatic test pressure, which is calculated to be 621 psig. The initial RTNDT values of 
the reactor vessel closure head and vessel flange are documented in Table 3-3. The limiting unirradiated 
RTNDT of -22°F is associated with the North Anna Units 1 and 2 reactor vessel flange materials, so the 
minimum allowable temperature of this region is 98°F at pressures greater than 621 psig (without margins 
for instrument uncertainties). This limit is shown in Tables 6-1 and 6-3, as well as Figures 6-1 and 6-2. 

4.5 BOLTUP TEMPERATURE REQUIREMENTS 

The minimum boltup temperature is the minimum allowable temperature at which the reactor vessel closure 
head bolts can be preloaded. It is determined by the highest reference temperature, RT NDT, in the closure 
flange region. This requirement is established in Appendix G to 10 CFR 50 (Reference 4). Per the NRC­
approved methodology in WCAP-14040-A, Revision 4 (Reference 2), the minimum boltup temperature is 
60°F or the limiting unirradiated RT NDT of the closure flange region, whichever is higher. Since the limiting 
unirradiated RTNDT of this region is below 60°F per Table 3-3, the recommended minimum boltup 
temperature for the North Anna Units 1 and 2 reactor vessel is 60°F (without margins for instrument 
uncertainties). It is noted that the boltup temperature is controlled administratively at North Anna Units 1 
and 2. 
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5 CALCULATION OF ADJUSTED REFERENCE TEMPERATURE 

The current P-T limit curves implemented in the North Anna Units 1 and 2 Technical Specifications 

(Reference 18) 3.4.3 control plant operation through EOLE, 50.3 EFPY and 52.3 EFPY for Units 1 and 2, 
respectively. SLR will extend the operation ofNorthAnna Units 1 and 2 to 72 EFPY. In order develop P-T 

limit curves for SLR, new adjusted reference temperature (ART) values are calculated herein using the 
NRC methodology in Regulatory Guide 1.99, Revision 2 (Reference 1). 

From Regulatory Guide 1.99, Revision 2 (Reference 1 ), the ART for each material in the beltline region is 
given by the following expression: 

ART = Initial RT NDT + ~RT NDT + Margin (10) 

Initial RT NDT is the reference tern perature for the unirradiated material as defined in Paragraph NB-23 31 of 
Section III of the ASME Boiler and Pressure Vessel Code (Reference 11 ). If measured values of the initial 

RT NDT for the material in question are not available, generic mean values for that class of material may be 
used, provided there are sufficient test results to establish a mean and standard deviation for the class. 

~RT NDT is the mean value of the adjustment in reference temperature caused by irradiation and should be 
calculated as follows: 

~RT NDT = CF * f (0.28 - 0.10 log fJ (11) 

To calculate ~RTNDT at any depth (e.g., at 1/4T or 3/4T), the following formula must first be used to 

attenuate the fluence at the specific depth: 

f(depthx) = fsurface * e (-0.24x) (12) 

where x inches (reactor vessel cylindrical shell beltline thickness is 7.677 inches) is the depth into the vessel 

wall measured from the vessel clad/base metal interface. The resultant fluence is then placed in Equation 
11 to calculate the ~RT NDT at the specific depth. It is noted that the previous P-T limits analysis in WCAP-

15112 (Reference 17) utilized a thickness of 7.705 inches. This difference in thickness is negligible, and 
therefore the design dimension of 7.677 inches is utilized herein. 

The projected reactor vessel neutron fluence was updated for this analysis and documented in Section 2 of 
this report. The evaluation methods used in Section 2 are consistent with the methods presented in WCAP-

14040-A, Revision 4, "Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and 
RCS Heatup and Cooldown Limit Curves" (Reference 2). 

Tables 5-2 and 5-3 contain the surface fluence values at 72 EFPY, which were used for the development of 

the P-T limit curves contained in this report. Tables 5-2 and 5-3 also contain the 1/4T and 3/4T calculated 
fluence values and fluence factors (FFs), per Regulatory Guide 1.99, Revision 2, as applicable. The values 

in this table will be used to calculate the 72 EFPY ART values for the North Anna Units 1 and 2 reactor 

vessel materials. 
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Margin is calculated as M = 2 ✓ er 2 + er 2 • The standard deviation for the initial RT NDT margin term ( crr) is 
I L'I. 

0°F when the initial RT NDT is a measured value and l 7°F when a generic value is available, unless a 
material-specific 01 is calculated. The standard deviation for the -6.RT NDT margin term, CTLi, is l 7°F for plates 
or forgings when surveillance data is not used or is non-credible, and 8.5°F (half the value) for plates or 
forgings when credible surveillance data is used. For welds, CTLi is equal to 28°F when surveillance capsule 
data is not used or is non-credible, and is 14 °F (half the value) when credible surveillance capsule data is 
used. The value for CTLi need not exceed 0.5 times the mean value of -6.RTNDT-

The 1/4T and 3/4T ART calculations for North Anna Unit 1 are shown in Tables 5-4 and 5-5, respectively. 
The 1/4T and 3/4T ART calculations for North Anna Unit 2 are shown in Tables 5-7 and 5-8, respectively. 

The ART values for the extended beltline are conservatively calculated using surface fluence values. 
Therefore, the 1/4T and 3/4T ART calculations for the North Anna Units 1 and 2 exclude the inlet and outlet 
nozzle forging and weld materials. Instead the ART values for the nozzle forging and weld materials are 
contained in Tables 5-6 and 5-9. North Anna Units 1 and 2 Inlet Nozzle 10 have projected fluence values 
that exceed the 1 x 1017 n/cm2 (E > 1.0 MeV) fluence threshold at the postulated 1/4T flaw location at 
72 EFPY per Tables 2-3 and 2-4. Therefore, neutron radiation embrittlement should be considered herein 
for these nozzle forging materials. For all other forging and weld materials with a fluence value less than 
1 x 1017 n/cm2 (E > 1.0 Me V) the embrittlement effects can be neglected and the FF is reduced to 0. 

The limiting ART values for North Anna Units 1 and 2 are summarized in Table 5-1 as well as those ART 
values used in the current North Anna Units 1 and 2 Technical Specifications P-T limit curves. The 1/4T 
and 3/4T limiting ART values at 72 EFPY are less than the 1/4T and 3/4T ART values used in the current 
Technical Specifications. This decrease is driven by the reduction in the initial RT NDT of the limiting 
material, i.e. the Unit 2 Lower Shell Forging 03 initial RTNDT reduced from 56°F to 37°F. A comparison of 
the material property input values is provided in Appendix G. 

Table 5-1 
Summary of the Limiting ART Values Used in Generation of the North Anna Units 1 and 2 

R t Vi I H t d C Id C t 72 EFPY eac or esse ea up an 00 own urves a 

1/4T Location 3/4T Location 

205(b) 184Cb) 
Limiting ARTCa) 

(OF) Limiting Material: Unit 2 Lower Shell Forging 03 
( developed using Position 1.1 data) 

ART in 218.5 195.6 

Current Technical Specifications Limiting Material: Unit 2 Lower Shell Forging 03 
(OF) 

( developed using Position 1.1 data) 

Notes: 

(a) The ART values to be used for P-T limit curve development are the limiting 72 EFPY ART values from Tables 5-4 
through 5-9. The values have been rounded up for conservatism. 

(b) Note that the ART values calculated for Unit 1 Lower Shell Forging 03 and Unit 2 Intermediate Shell Forging 04 
per Regulatory Guide 1.99, Revision 2, Position 1.1, are higher. However, the use of the lesser of the Regulatory 
Guide 1.99, Revision 2, Position 1. 1 and 2.1 CFs with non-credible data and a full margin term is justified since 
none of the surveillance data are more than two times sigma-delta above the Position 1.1 CF trend line. This 
determination is documented in Appendix I. 
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Table 5-2 Fluence Values and Fluence Factors for the Vessel Surface, l/4T, and 3/4T Locations 
for the North Anna Unit 1 Reactor Vessel Materials at 72 EFPY 

Surface l/4T 3/4T 

Material 
FluenceCa) Surface Fluence(a) l/4T Fluence(a) 3/4T 

(x 1019 n/cm2, FF(b) (x 1019 n/cm2, FF(b) (x 1019 n/cm2, FF(b) 

E> 1.0 MeV) E> 1.0 MeV) E> 1.0 MeV) 

Reactor Vessel Beltline Materials 

Upper Shell Forging 05 0.304 0.674 0.192 0.559 0.0763 0.365 
Upper to Intermediate Shell 

0.351 0.711 0.221 0.594 0.0881 0.392 
Circumferential Weld 

Intermediate Shell 
7.07 1.464 4.46 1.379 1.78 1.158 

Forging 04 
Intermediate to Lower 

7.04 1.464 4.44 1.378 1.77 1.157 
Shell Circumferential Weld 

Lower Shell Forging 03 7.20 1.467 4.54 1.383 1.81 1.163 

Reactor Vessel Extended Beltline Materials 
Inlet Nozzle Forging 09 to 

0.00898 0(d) 
Upper Shell Weld 

Inlet Nozzle Forging 10 to 
0.0313 0.225 

Upper Shell Weld 
Inlet Nozzle Forging 11 to 

0.0120 0.124 
Upper Shell Weld 

Outlet Nozzle Forging 12 
0.0182 0.162 

to Upper Shell Weld 
Outlet Nozzle Forging 13 

0.00522 0(d) 
to Upper Shell Weld 

See Note (c) 
Outlet Nozzle Forging 14 

to Upper Shell Weld 
0.00697 0(d) 

Inlet Nozzle Forging 09 0.00425 0(d) 

Inlet Nozzle Forging 10 0.0148 0.142 

Inlet Nozzle Forging 11 0.00568 0(d) 

Outlet Nozzle Forging 12 0.00875 0(d) 

Outlet Nozzle Forging 13 0.00251 0(d) 

Outlet Nozzle Forging 14 0.00335 0(d) 

Notes: 

(a) 72 EFPY surface fluence values for the reactor vessel materials were taken from Table 2-3 of this report. 1/4T and 3/4T 
fluence values were calculated from the surface fluence, the reactor vessel beltline thickness (7.677 inches), and equation f= 
fsurf * e-0-24 (x) from Regulatory Guide 1.99, Revision 2, where x = the depth into the vessel wall (inches). 

(b) FF= fluence factor= f(0-28 - 0-10*10g(f))_ 

(c) The fluence values for the nozzle forgings are taken at the postulated 1/4T flaw axial location. The fluence values for the 
inlet/outlet nozzle to upper shell welds are taken at the lowest extent of the nozzle weld centerline. Analysis of the nozzle 
forgings and associated welds are conservatively performed using the surface fluence, neglecting attenuation through the 
reactor vessel wall. 

(d) Because the fluence is less than 1017 n/cm2 (E > 1.0 MeV), the FF is reduced to 0. Embrittlement effects only need to be 
considered if the fluence is greater than 1017 n/cm2 (E > 1.0 MeV). 
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Table 5-3 Fluence Values and Fluence Factors for the Vessel Surface, l/4T, and 3/4T Locations 
for the North Anna Unit 2 Reactor Vessel Materials at 72 EFPY 

Surface 1/4T 3/4T 

Material 
Fluence<a) Surface Fluence<a) 1/4T Fluence<a) 3/4T 

(x 1019 n/cm2, FF(b) (x 1019 n/cm2, FF(b) (x 1019 n/cm2, FF(b) 
E> 1.0 MeV) E> 1.0 MeV) E> 1.0 MeV) 

Reactor Vessel Beltline Materials 

Upper Shell Forging 05 0.307 0.676 0.194 0.562 0.0771 0.367 
Upper to Intermediate Shell 

0.355 0.714 0.224 0.597 0.0891 0.394 Circumferential Weld 
Intermediate Shell 

7.20 1.467 4.54 1.383 1.81 1.163 Forging 04 
Intermediate to Lower 

7.18 1.467 4.53 1.382 1.80 1.162 
Shell Circumferential Weld 

Lower Shell Forging 03 7.34 1.470 4.63 1.387 1.84 1.168 

Reactor Vessel Extended Beltline Materials 
Inlet Nozzle Forging 09 to 

0.00826 0(d) 
Upper Shell Weld 

Inlet Nozzle Forging 10 to 
0.0314 0.226 

Upper Shell Weld 
Inlet Nozzle Forging 11 to 

0.0118 0.123 
Upper Shell Weld 

Outlet Nozzle Forging 12 
0.0182 0.162 

to Upper Shell Weld 
Outlet Nozzle Forging 13 

0.00479 0(d) 
to Upper Shell Weld 

See Note (c) 
Outlet Nozzle Forging 14 

to Upper Shell Weld 
0.00687 0(d) 

Inlet Nozzle Forging 09 0.00390 0(d) 

Inlet Nozzle Forging 10 0.0148 0.142 

Inlet Nozzle Forging 11 0.00559 0(d) 

Outlet Nozzle Forging 12 0.00875 0(d) 

Outlet Nozzle Forging 13 0.00230 0(d) 

Outlet Nozzle Forging 14 0.00330 0(d) 

Notes: 

(a) 72 EFPY surface fluence values for the reactor vessel materials were taken from Table 2-4 of this report. 1/4T and 3/4T 
fluence values were calculated from the surface fluence, the reactor vessel beltline thickness (7.677 inches), and equation f= 
fsurr * e·0·24 (x) from Regulatory Guide 1.99, Revision 2, where x = the depth into the vessel wall (inches). 

(b) FF = fluence factor = f(0-28 - 0-1 O*log (f)). 

(c) The fluence values for the nozzle forgings are taken at the postulated 1/4T flaw axial location. The fluence values for the 
inlet/outlet nozzle to upper shell welds are taken at the lowest extent of the nozzle weld centerline. Analysis of the nozzle 
forgings and associated welds are conservatively performed using the surface fluence, neglecting attenuation through the 
reactor vessel wall. 

(d) Because the fluence is less than 1017 n/cm2 (E > 1.0 MeV), the FF is reduced to 0. Embrittlement effects only need to be 
considered if the fluence is greater than 1017 n/cm2 (E > 1.0 MeV). 
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Table 5-4 Calculation of the North Anna Unit 1 ART Values at the l/4T Location for the Reactor Vessel Beltline Materials at 72 EFPY(a) 

R.G. l/4T Predicted 
Material 

Heat Flux Type 1.99, CF(b) Fluence(c) l/4T RTNDT(U)(d) 
.ARTNDT 

0'1 

Number (Lot) Rev.2 (x 1019 n/cm2, FF(c) (OF) 
(OF) 

(OF) 
Position E>l.OMeV) 

Upper Shell Forging 05 
990286 I 

1.1 121.50 0.192 0.559 1 68.0 0.0 
295213 

-

Upper to Intermediate 
SMIT 89 

Shell Circumferential 25295 
(1170) 

1.1 163.25 0.221 0.594 -40 97.0 0.0 
Weld (OD 94%) 

Using credible surveillance data(/) 2.1 150.69 0.221 0.594 -40 89.5 0.0 

Upper to Intermediate 
SMIT 89 

Shell Circumferential 4278 
(1211) 

1.1 63.00 0.221 0.594 -4 37.4 0.0 
Weld (ID 6% )Ci) 

Using non-credible surveillance data(g) 2.1 80.71 0.221 0.594 -4 47.9 0.0 

Intermediate Shell 990311 I 
1.1 86.00 4.46 1.379 -6 118.6 0.0 

Forging 04 298244 
-

Intermediate to Lower 
SMIT 89 

Shell Circumferential 25531 1.1 56.22 4.44 1.378 -2 77.5 0.0 
Weld 

(1211) 

Using non-credible surveillance data(h) 2.1 67.53 4.44 1.378 -2 93.1 0.0 

Lower Shell Forging 03 
990400 I 

1.1 119.97 4.54 1.383 33 165.9 0.0 292332 -

Using non-credible surveillance data(li) 2.1 81.68 4.54 1.383 33 113.0 0.0 

Notes contained on the following page. 
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Notes: 

(a) The Regulatory Guide 1.99, Revision 2 (Reference 1) methodology was utilized in the calculation of the ART values. Dashes indicate when a category is not applicable to the 
material. 

(b) Chemistry factors are taken from Table 3-7 of this report. 

(c) Fluence and Fluence Factors are taken from Table 5-2 of this report. 

(d) RTNDT(U) values are taken from Table 3-1 of this report. 

(e) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal CY~= l 7°F for Position 1.1 and Position 2.1 with non-credible surveillance data, and CY~= 

8 .5°F for Position 2.1 with credible surveillance data. Also, per Regulatory Guide 1.99, Revision 2, the weld metal CY~= 28°F for Position 1.1 and Position 2.1 with non-credible 
surveillance data, and CY~= 14°F for Position 2.1 with credible surveillance data. However, CY~ need not exceed 0.5*~RTNDT for either forgings or welds with or without 
surveillance data. 

(f) The surveillance data for weld Heat# 25295 from the Sequoyah Unit 1 surveillance program were deemed credible per WCAP-17539-NP (Reference 15), Appendix A. 

(g) The surveillance data for weld Heat# 4278 from the Sequoyah Unit 2 surveillance program were deemed non-credible per WCAP-17539-NP (Reference 15), Appendix A. 

(h) The credibility evaluation for the North Anna Unit 1 surveillance data in Appendix E of this report determined that the Lower Shell Forging 03 and weld Heat # 25531 
surveillance data are deemed non-credible. 

(i) Since this inner diameter (ID) weld is only 6% of the vessel thickness, the weld is not present at the 1/4T location; hence, it is not applicable to this calculation. It is presented 
for information only. 
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Table 5-5 Calculation of the North Anna Unit 1 ART Values at the 3/4T Location for the Reactor Vessel Beltline Materials at 72 EFPY(a) 

R.G. 3/4T Predicted 
Material Heat Flux Type 1.99, CF(b) FluenceCc) 3/4T RTNDT(U)(d) 

.LlRTNDT 
0'1 

Number (Lot) Rev.2 (x 1019 n/cm2, FF(c) (OF) 
(OF) 

(OF) 
Position E>l.OMeV) 

Upper Shell Forging 05 
990286 I 

1.1 121.50 0.0763 0.365 1 44.4 0.0 
295213 

-

Upper to Intermediate 
SMIT 89 

Shell Circumferential 25295 
(1170) 

1.1 163.25 0.0881 0.392 -40 64.0 0.0 
Weld (OD 94%) 

Using credible surveillance data(f) 2.1 150.69 0.0881 0.392 -40 59.1 0.0 

Upper to Intermediate 
SMIT 89 

Shell Circumferential 4278 
(1211) 

1.1 63.00 0.0881 0.392 -4 24.7 0.0 
Weld (ID 6% )<i) 

Using non-credible surveillance data<g) 2.1 80.71 0.0881 0.392 -4 31.6 0.0 

Intermediate Shell 990311 I 
1.1 86.00 1.78 1.158 -6 99.6 0.0 

Forging 04 298244 -

Intermediate to Lower 
SMIT 89 

Shell Circumferential 25531 1.1 56.22 1.77 1.157 -2 65.0 0.0 
Weld 

(1211) 

Using non-credible surveillance data(hJ 2.1 67.53 1.77 1.157 -2 78.1 0.0 

Lower Shell Forging 03 
990400 I 

1.1 119.97 1.81 1.163 33 139.5 0.0 292332 -

Using non-credible surveillance data(hJ 2.1 81.68 1.81 1.163 33 95.0 0.0 

Notes contained on the following page. 
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Notes: 

(a) The Regulatory Guide 1.99, Revision 2 (Reference 1) methodology was utilized in the calculation of the ART values. Dashes indicate when a category is not applicable to the 
material. 

(b) Chemistry factors are taken from Table 3-7 of this report. 

(c) Fluence and Fluence Factors are taken from Table 5-2 of this report. 

(d) RTNDT(U) values are taken from Table 3-1 of this report. 

(e) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal cr~ = l 7°F for Position 1.1 and Position 2.1 with non-credible surveillance data, and cr~ = 
8.5°F for Position 2.1 with credible surveillance data. Also, per Regulatory Guide 1.99, Revision 2, the weld metal cr~ = 28°F for Position 1.1 and Position 2.1 with non-credible 
surveillance data, and cr~ = 14°F for Position 2.1 with credible surveillance data. However, cr~ need not exceed 0.5*b.RTNDT for either forgings or welds with or without 
surveillance data. 

(f) The surveillance data for weld Heat# 25295 from the Sequoyah Unit 1 surveillance program were deemed credible per WCAP-17539-NP (Reference 15), Appendix A. 

(g) The surveillance data for weld Heat# 4278 from the Sequoyah Unit 2 surveillance program were deemed non-credible per WCAP-17539-NP (Reference 15), Appendix A. 

(h) The credibility evaluation for the North Anna Unit 1 surveillance data in Appendix E of this report determined that the Lower Shell Forging 03 and weld Heat # 25531 
surveillance data are deemed non-credible. 

(i) Since this inner diameter (ID) weld is only 6% of the vessel thickness, the weld is not present at the 1/4T location; hence, it is not applicable to this calculation. It is presented 
for information only. 

WCAP-18363-NP 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 

March 2020 
Revision 1 



Westinghouse Non-Proprietary Class 3 

Table 5-6 Calculation of the North Anna Unit 1 ART Values for the Reactor Vessel Extended Beltline Materials at 72 EFPY(a) 

R.G. Surface Predicted 
Material 

Heat Flux Type 1.99, CF(b) FluenceCc) Surf. RTNDT(U)(d) 
LiRTNDT 

0'1 

Number (Lot) Rev.2 (x 1019 n/cm2, FFCc) (OF) 
(OF) 

(OF) 
Position E>l.OMeV) 

Inlet Nozzle Forging 09 
Rotterdam - 1.1 293.45 0.00898 0 30 0.0 0.0 

to Upper Shell Weld 

Inlet Nozzle Forging 10 
Rotterdam - 1.1 293.45 0.0313 0.225 30 66.1 0.0 

to Upper Shell Weld 

Inlet Nozzle Forging 11 
Rotterdam - 1.1 293.45 0.0120 0.124 30 36.4 0.0 to Upper Shell Weld 

Outlet Nozzle Forging 12 
Rotterdam - 1.1 293.45 0.0182 0.162 30 47.6 0.0 to Upper Shell Weld 

Outlet Nozzle Forging 13 
Rotterdam - 1.1 293.45 0.00522 0 30 0.0 0.0 to Upper Shell Weld 

Outlet Nozzle Forging 14 
Rotterdam - 1.1 293.45 0.00697 0 30 0.0 0.0 to Upper Shell Weld 

Inlet Nozzle Forging 09 990290-11 - 1.1 96.00 0.00425 0 -14 0.0 0.0 

Inlet Nozzle Forging 10 990290-12 - 1.1 95.75 0.0148 0.142 -10 13.6 0.0 

Inlet Nozzle Forging 11 990268-21 - 1.1 140.30 0.00568 0 8 0.0 0.0 

Outlet Nozzle Forging 12 990290-31 - 1.1 96.00 0.00875 0 -6 0.0 0.0 

Outlet Nozzle Forging 13 990290-22 - 1.1 96.00 0.00251 0 -7 0.0 0.0 

Outlet Nozzle Forging 14 990290-21 - 1.1 96.00 0.00335 0 8 0.0 0.0 

Notes contained on the following page. 
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Notes: 

(a) The Regulatory Guide 1.99, Revision 2 (Reference 1) methodology was utilized in the calculation of the ART values. Dashes indicate when a category is not applicable to the 
material. 

(b) Chemistry factors are taken from Table 3-7 of this report. 

(c) Fluence and Fluence Factors are taken from Table 5-2 of this report. The fluence values for the nozzle forgings are taken at the postulated 1/4T flaw axial location. The fluence 
values for the inlet/outlet nozzle to upper shell welds are taken at the lowest extent of the nozzle weld centerline. Analysis of the nozzle forgings and associated welds are 
conservatively performed using the surface fluence, neglecting attenuation through the reactor vessel wall. Embrittlement effects are considered only if the fluence is greater 
than 1017 n/cm2• For materials with fluence less than 1017 n/cm2 the FF is set equal to 0. 

(d) RTNDT(U) values are taken from Table 3-1 of this report. 

(e) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal crti = l 7°F for Position 1.1. Also, per Regulatory Guide 1.99, Revision 2, the weld metal 
crti = 28°F for Position 1.1. However, crti need not exceed 0.5*LiRTNDT for either forgings or welds with or without surveillance data. 
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Table 5-7 Calculation of the North Anna Unit 2 ART Values at the l/4T Location for the Reactor Vessel Beltline Materials at 72 EFPY(a) 

R.G. l/4T Predicted 
Material 

Heat Flux Type 1.99, CF(b) FluenceCc) l/4T RTNDT(U)(d) 
~RTNDT 

0'1 

Number (Lot) Rev.2 (x 1019 n/cm2, FFCc) (OF) 
(OF) 

(OF) 
Position E>l.OMeV) 

Upper Shell Forging 05 
990598 I 

1.1 51.00 0.194 0.562 8 28.7 0.0 
291396 

-

Upper to Intermediate 
SMIT 89 

Shell Circumferential 4278 
(1211) 

1.1 63.00 0.224 0.597 -4 37.6 0.0 
Weld (OD 94%) 

Using non-credible surveillance data(!) 2.1 80.71 0.224 0.597 -4 48.2 0.0 

Upper to Intermediate 
SMIT 89 Shell Circumferential 801 
(1211) 

1.1 87.80 0.224 0.597 10 52.4 0.0 
Weld (ID 6%)Ch) 

Intermediate Shell 990496 I 
1.1 74.00 4.54 1.383 69 102.3 0.0 Forging 04 292424 -

Using non-credible surveillance data(g) 2.1 53.44 4.54 1.383 69 73.9 0.0 

Intermediate to Lower 
LW320 

Shell Circumferential 716126 1.1 36.09 4.53 1.382 -67 49.9 0.0 
Weld 

(26) 

Using credible surveillance data(g) 2.1 26.61 4.53 1.382 -67 36.8 0.0 

Lower Shell Forging 03 990533 I 
1.1 96.00 4.63 1.387 37 133.2 0.0 297355 

-

Notes contained on the following page. 
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Notes: 

(a) The Regulatory Guide 1.99, Revision 2 (Reference 1) methodology was utilized in the calculation of the ART values. Dashes indicate when a category is not applicable to the 
material. 

(b) Chemistry factors are taken from Table 3-8 of this report. 

(c) Fluence and Fluence Factors are taken from Table 5-3 of this report. 

(d) RTNDT(U) values are taken from Table 3-2 of this report. 

(e) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal CTL'1 = l 7°F for Position 1.1 and Position 2.1 with non-credible surveillance data, and CTL'1 = 
8.5°F for Position 2.1 with credible surveillance data. Also, per Regulatory Guide 1.99, Revision 2, the weld metal CTL'1 = 28°F for Position 1.1 and Position 2.1 with non-credible 
surveillance data, and cri'1 = 14°F for Position 2.1 with credible surveillance data. However, CTL'1 need not exceed 0.5*~RTNDT for either forgings or welds with or without 
surveillance data. 

(f) The surveillance data for weld Heat# 4278 from the Sequoyah Unit 2 surveillance program were deemed non-credible per WCAP-17539-NP (Reference 15), Appendix A. 

(g) The credibility evaluation for the North Anna Unit 2 surveillance data in Appendix E of this report determined that the Intermediate Shell Forging 04 surveillance data are 
deemed non-credible; however, the weld Heat# 716126 surveillance data are deemed credible. 

(h) Since this inner diameter (ID) weld is only 6% of the vessel thickness, the weld is not present at the 1/4T location; hence, it is not applicable to this calculation. It is presented 
for information only. 
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Table 5-8 Calculation of the North Anna Unit 2 ART Values at the 3/4T Location for the Reactor Vessel Beltline Materials at 72 EFPY(a) 

R.G. 3/4T Predicted 
Material Heat Flux Type 1.99, CF(b) Fluence<c) 3/4T RTNDT(U)(d) 

.ARTNDT 
0'1 

Number (Lot) Rev.2 (x 1019 n/cm2, FF<c) (OF) 
(OF) 

(OF) 
Position E>l.OMeV) 

Upper Shell Forging 05 
990598 / 

1.1 51.00 0.0771 0.367 8 18.7 0.0 
291396 

-

Upper to Intermediate 
SMIT 89 

Shell Circumferential 4278 
(1211) 

1.1 63.00 0.0891 0.394 -4 24.8 0.0 
Weld (OD 94%) 

Using non-credible surveillance data(f) 2.1 80.71 0.0891 0.394 -4 31.8 0.0 

Upper to Intermediate 
SMIT 89 

Shell Circumferential 801 
(1211) 

1.1 87.80 0.0891 0.394 10 34.6 0.0 
Weld (ID 6%)<h) 

Intermediate Shell 990496 / 
1.1 74.00 1.81 1.163 69 86.0 0.0 

Forging 04 292424 -

Using non-credible surveillance data(g) 2.1 53.44 1.81 1.163 69 62.1 0.0 

Intermediate to Lower 
LW320 

Shell Circumferential 716126 1.1 36.09 1.80 1.162 -67 41.9 0.0 
Weld 

(26) 

Using credible surveillance data(g) 2.1 26.61 1.80 1.162 -67 30.9 0.0 

Lower Shell Forging 03 990533 / 
1.1 96.00 1.84 1.168 37 112.1 0.0 297355 

-

Notes contained on the following page. 
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Notes: 

(a) The Regulatory Guide 1.99, Revision 2 (Reference 1) methodology was utilized in the calculation of the ART values. Dashes indicate when a category is not applicable to the 
material. 

(b) Chemistry factors are taken from Table 3-8 of this report. 

(c) Fluence and Fluence Factors are taken from Table 5-3 of this report. 

(d) RTNDT(U) values are taken from Table 3-2 of this report. 

(e) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal crt, = l 7°F for Position 1.1 and Position 2.1 with non-credible surveillance data, and O"L'> = 
8.5°F for Position 2.1 with credible surveillance data. Also, per Regulatory Guide 1.99, Revision 2, the weld metal crt, = 28°F for Position 1.1 and Position 2.1 with non-credible 
surveillance data, and O"L'> = 14°F for Position 2.1 with credible surveillance data. However, crt, need not exceed 0.5*.!iRTNDT for either forgings or welds with or without 
surveillance data. 

(f) The surveillance data for weld Heat# 4278 from the Sequoyah Unit 2 surveillance program were deemed non-credible per WCAP-17539-NP (Reference 15), Appendix A. 

(g) The credibility evaluation for the North Anna Unit 2 surveillance data in Appendix E of this report determined that the Intermediate Shell Forging 04 surveillance data are 
deemed non-credible; however, the weld Heat# 716126 surveillance data are deemed credible. 

(h) Since this inner diameter (ID) weld is only 6% of the vessel thickness, the weld is not present at the 1/4T location; hence, it is not applicable to this calculation. It is presented 
for information only. 
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Table 5-9 Calculation of the North Anna Unit 2 ART Values for the Reactor Vessel Extended Beltline Materials at 72 EFPY(a) 

R.G. Surface Predicted 
Material 

Heat Flux Type 1.99, CF(b) Fluence<c) Surf. RTNDT(U)(d) 
.LiRTNDT 

0'1 

Number (Lot) Rev.2 (x 1019 n/cm2, FF<c) (OF) 
(OF) 

(OF) 
Position E>l.OMeV) 

Inlet Nozzle Forging 09 
1.1 163.20 0.00826 0 30 0.0 0.0 

to Upper Shell Weld 

Inlet Nozzle Forging 10 
1.1 163.20 0.0314 0.226 30 36.8 0.0 

to Upper Shell Weld 

Inlet Nozzle Forging 11 
1.1 163.20 0.0118 0.123 30 20.0 0.0 

to Upper Shell Weld 8816 
20459 

LW320 

Outlet Nozzle Forging 12 27622 
(26 & 28) 

0.162 30 26.5 0.0 
to Upper Shell Weld 

1.1 163.20 0.0182 

Outlet Nozzle Forging 13 
1.1 163.20 0.00479 0 30 0.0 0.0 

to Upper Shell Weld 

Outlet Nozzle Forging 14 
1.1 163.20 0.00687 0 30 0.0 0.0 

to Upper Shell Weld 

Inlet Nozzle Forging 09 990426 - 1.1 150.40 0.00390 0 11 0.0 0.0 

Inlet Nozzle Forging 10 54567-2 - 1.1 104.75 0.0148 0.142 5 14.9 0.0 

Inlet Nozzle Forging 11 54590-2 - 1.1 118.25 0.00559 0 -31 0.0 0.0 

Outlet Nozzle Forging 12 990426-22 - 1.1 150.00 0.00875 0 8 0.0 0.0 

Outlet Nozzle Forging 13 990426-31 - 1.1 149.60 0.00230 0 1 0.0 0.0 

Outlet Nozzle Forging 14 791291 - 1.1 86.00 0.00330 0 -22 0.0 0.0 

Notes contained on the following page. 

WCAP-18363-NP 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 

O'ii (e) 

(OF) 

0.0 

18.4 

10.0 

13.2 

0.0 

0.0 

0.0 

7.4 

0.0 

0.0 

0.0 

0.0 

5-15 

M 
(OF) 

0.0 

36.8 

20.0 

26.5 

0.0 

0.0 

0.0 

14.9 

0.0 

0.0 

0.0 

0.0 

March 2020 
Revision 1 

ART 
(OF) 

30.0 

103.6 

70.0 

82.9 

30.0 

30.0 

11.0 

34.8 

-31.0 

8.0 

1.0 

-22.0 



Westinghouse Non-Proprietary Class 3 5-16 

Notes: 

(a) The Regulatory Guide 1.99, Revision 2 (Reference 1) methodology was utilized in the calculation of the ART values. Dashes indicate when a category is not applicable to the 
material. 

(b) Chemistry factors are taken from Table 3-8 of this report. 

(c) Fluence and Fluence Factors are taken from Table 5-3 of this report. The fluence values for the nozzle forgings are taken at the postulated 1/4T flaw axial location. The fluence 
values for the inlet/outlet nozzle to upper shell welds are taken at the lowest extent of the nozzle weld centerline. Analysis of the nozzle forgings and associated welds are 
conservatively performed using the surface fluence, neglecting attenuation through the reactor vessel wall. Embrittlement effects are considered only if the fluence is greater 
than 1017 n/cm2• For materials with fluence less than 1017 n/cm2 the FF is set equal to 0. 

(d) RTNDT(U) values are taken from Table 3-2 of this report. 

(e) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal <Jt, = 17°F for Position 1.1. Also, per Regulatory Guide 1.99, Revision 2, the weld metal 
<Jt, = 28°F for Position 1.1. However, <Jt, need not exceed 0.5*~RTNDT for either forgings or welds with or without surveillance data. 
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6 HEATUP AND COOLDOWN PRESSURE-TEMPERATURE LIMIT 
CURVES 

Table 5-1 shows that the SLRARTvalues at the 1/4T and 3/4Tlocations remain bounded bytheARTvalues 
used in the current P-T limit curves. Therefore, the P-T limit curves implemented in the North Anna Units 1 
and 2 Technical Specifications will remain valid through SLR (72.0 EFPY) for the cylindrical shell 
materials. Appendix B demonstrates that the current P-T limits for the cylindrical beltline region bound the 
P-T limits for the reactor vessel inlet and outlet nozzles for North Anna Units 1 and 2 at 72 EFPY. 

However, in order to evaluate the amount of margin inherent to the current Technical Specifications P-T 
limit curves, the pressure-temperature limit curves for normal heatup and cooldown of the primary reactor 
coolant system have been calculated in the reactor vessel cylindrical beltline region using the methods 
discussed in Sections 4 and 5 of this report and the material conditions projected at SLR presented in Table 
5-1. The approved methodology is also presented in WCAP-14040-A, Revision 4 (Reference 2). 

Figure 6-1 presents the limiting heatup curves without margins for possible instrumentation errors using 
heatup rates of 20, 40, and 60°F/hr applicable for 72 EFPY, with the flange requirements. Figure 6-2 
presents the limiting cooldown curves without margins for possible instrumentation errors using cooldown 
rates of -100, -60, -40, -20, and 0°F/hr (steady-state) applicable for 72 EFPY, with the flange requirements. 
Both Figure 6-1 and Figure 6-2 use the "Axial Flaw" methodology and the limiting "Axial Flaw" ART 
values summarized in Table 5-1. The heatup and cooldown curves were generated using the 1998 Edition 
through the 2000 Addenda ASME Code Section XI, Appendix G. 

Allowable combinations of temperature and pressure for specific temperature change rates are below and 
to the right of the limit lines shown in Figures 6-1 and 6-2. This is in addition to other criteria, which must 
be met before the reactor is made critical, as discussed in the following paragraphs. 

The reactor must not be made critical until pressure-temperature combinations are to the right of the 
criticality limit line shown in Figure 6-1 (heatup curve only). The straight-line portion of the criticality 
limit is at the minimum permissible temperature for the 2485 psig in-service hydrostatic test as required by 
Appendix G to 10 CFR Part 50. The governing equation for the hydrostatic test is defined in the 1998 
Edition through the 2000 Addenda ASME Code Section XI, Appendix G as follows. 

1.5 Krm < Krc (13) 

where, 

Krm stress intensity factor covered by membrane (pressure) stress 
[see page 4-2, Equation (3)], 

Krc 33.2 + 20.734 e [0-02 CT-RTNDT)1 [see page 4-1 Equation (l)], 

T the minimum permissible metal temperature, and 

RT NDT = metal reference nil-ductility temperature. 

The criticality l~mit curve specifies pressure-temperature limits for core operation in order to provide 
additional margin during actual power production. The pressure-temperature limits for core operation 
(except for low power physics tests) are that: 1) the reactor vessel must be at a temperature equal to or 
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higher than the minimum temperature required for the in-service hydrostatic test, and 2) the reactor vessel 
must be 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 4 of this report. For the 
heatup and cooldown curves without margins for instrumentation errors, the minimum temperature for the 
in-service hydrostatic leak tests for the North Anna Units 1 and 2 reactor vessel at 72 EFPY is 262°F. This 
temperature is the minimum permissible temperature at which design pressure can be reached during a 
hydrostatic test per Equation (13). The vertical line drawn from these points on the pressure-temperature 
curve, intersecting a curve 40°F higher than the pressure-temperature limit curve, constitutes the limit for 
core operation for the reactor vessel. 

Figures 6-1 and 6-2 define all of the preceding limits for ensuring prevention of non-ductile failure for the 
North Anna Units 1 and 2 reactor vessel for 72 EFPY with the flange requirements and without 
instrumentation uncertainties. The data points used for developing the heatup and cooldown P-T limit 
curves shown in Figures 6-1 and 6-2 are presented in Tables 6-1 through 6-3. The P-T limit curves shown 
in Figures 6-1 and 6-2 were generated based on the limiting "Axial Flaw" ART values for the cylindrical 
beltline and extended beltline reactor vessel materials. 

WCAP-18363-NP March2020 
Revision I 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 

MATERJAL PROPERTY BASIS 

LIMITING MATERJAL: North Anna Unit 2 Lower Shell Forging 03 (Position 1.1) 
LIMITING ART VALUES AT 72 EFPY: l/4T, 205°F (Axial Flaw) 

3/4T, 184°F (Axial Flaw) 
Limiting Flange RTNDT = -22°F. 
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Figure 6-1 North Anna Units 1 and 2 Heatup Curves for 20, 40, and 60°F/hr Applicable to 
72 EFPY Based on the K1c Methodology of the 1998 through the 2000 Addenda 

Edition of ASME Code, Section XI, App. G, Without Margins for Instrument Error 
or Pressure Correction, and With Flange Requirements 
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MATERIAL PROPERTY BASIS 

LIMITING MATERIAL: North Anna Unit 2 Lower Shell Forging 03 (Position 1.1) 
LIMITING ART VALUES AT 72 EFPY: 1/4T, 205°F (Axial Flaw) 

3/4T, 184°F (Axial Flaw) 
Limiting Flange RTNDT = -22°F. 
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Figure 6-2 North Anna Units 1 and 2 Steady-State and Cooldown Curves for -20, -40, -60, 
and -100°F/hr Applicable to 72 EFPY Based on the K1c Methodology of the 1998 
through the 2000 Addenda Edition of ASME Code, Section XI, App. G, Without 

Margins for Instrument Error or Pressure Correction, and With Flange Requirements 
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Table 6-1 North Anna Units 1 and 2 72 EFPY Heatup Curves Data Points using the 1998 Edition through the 2000 Addenda App. G Methodology 
(w/ K1c, w/ Flange Requirements, and w/o Margins for Instrumentation Errors or Pressure Correction) 

20°F/hr Heatup 20°F/hr Criticality 40°F/hr Heatup 40°F/hr Criticality 60°F/hr Heatup 
T (°F) P (psig) T {°F) P (psig) T (°F) P (psig) T (°F) P (psig) T (°F) P (psig) 

60 621 262 -14.7 60 621 262 -14.7 60 619 
65 621 262 1186 65 621 262 1186 65 619 
70 621 265 1220 70 621 265 1220 70 619 
75 621 270 1277 75 621 270 1276 75 619 
80 621 275 1340 80 621 275 1334 80 619 
85 621 280 1409 85 621 280 1398 85 619 
90 621 285 1486 90 621 285 1469 90 619 
95 621 290 1571 95 621 290 1547 95 619 
98 621 295 1665 98 621 295 1634 100 620 
98 678 300 1769 98 647 300 1729 105 621 
100 680 305 1883 100 649 305 1835 110 624 
105 685 310 2010 105 653 310 1951 115 628 
110 690 315 2150 110 659 315 2080 120 633 
115 697 320 2304 115 665 320 2222 125 639 
120 703 325 2474 120 673 325 2378 130 646 
125 711 - - 125 681 - - 135 654 
130 719 - - 130 690 - - 140 663 
135 729 - - 135 700 - - 145 673 
140 739 - - 140 711 - - 150 685 
145 750 - - 145 724 - - 155 697 
150 763 - - 150 738 - - 160 711 
155 776 - - 155 753 - - 165 727 
160 792 - - 160 770 - - 170 744 
165 809 - - 165 789 - - 175 763 
170 827 - - 170 809 - - 180 784 
175 848 - - 175 832 - - 185 808 
180 871 - - 180 858 - - 190 834 
185 896 - - 185 886 - - 195 863 
190 924 - - 190 916 - - 200 894 
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60°F/hr Criticality 
T (°F) P (psig) 

262 
262 
265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
-
-
-
-
-
-
-
-
-
-
-
-
-

-14.7 
1079 
1110 
1168 
1232 
1302 
1379 
1465 
1560 
1664 
1779 
1901 
2020 
2150 
2295 
2454 

-
-
-
-
-
-
-
-
-
-
-
-
-
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North Anna Units 1 and 2 72 EFPY Heatup Curves Data Points using the 1998 Edition through the 2000 Addenda App. G Methodology 
(w/ K1c, w/ Flange Requirements, and w/o Margins for Instrumentation Errors or Pressure Correction) 

20°F/hr Heatup 20°F /hr Criticality 40°F/hr Heatup 40°F/hr Criticality 60°F/hr Heatup 60°F/hr Criticality 
T (°F) 

195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 

P (psig) T (°F) P (psig) T (°F) P (psig) T (°F) P (psig) T (°F) P (psig) 
954 
988 
1026 
1067 
1113 
1164 
1220 
1277 
1340 
1409 
1486 
1571 
1665 
1769 
1883 
2010 
2150 
2304 
2474 

- - 195 951 - - 205 929 
- - 200 988 - - 210 968 
- - 205 1026 - - 215 1011 
- - 210 1067 - - 220 1058 
- - 215 1113 - - 225 1110 
- - 220 1164 - - 230 1168 
- - 225 1220 - - 235 1232 
- - 230 1276 - - 240 1302 
- - 235 1334 - - 245 1379 
- - 240 1398 - - 250 1465 
- - 245 1469 - - 255 1560 
- - 250 1547 - - 260 1664 
- - 255 1634 - - 265 1779 
- - 260 1729 - - 270 1901 
- - 265 1835 - - 275 2020 
- - 270 1951 - - 280 2150 
- - 275 2080 - - 285 2295 
- - 280 2222 - - 290 2454 
- - 285 2378 - - - -

Table 6-2 North Anna Units 1and272 EFPY Leak Test Data Points using the 1998 Edition through 
the 2000 Addenda Appendix G Methodology (w/ K1c, w/ Flange Requirements, and 
w/o Margins for Instrumentation Errors or Pressure Correction) 

Temperature Pressure 
(OF) (psig) 

244.5 2000 
262 2485 

T (°F) P (psig) 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
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Table 6-3 North Anna Units 1 and 2 72 EFPY Cooldown Curves Data Points using the 1998 Edition through the 2000 Addenda App. G 
Methodology (w/ K1c, w/ Flange Requirements, and w/o Margins for Instrumentation Errors or Pressure Correction) 

Stead11-State -20°F/hr -40°F/hr -60°F/hr 
T p T p T p T p T 

(OF) (psig) (OF) (psig) (OF) (psig) (OF) (psig) (OF) 

60 621 60 614 60 575 60 535 60 
65 621 65 617 65 577 65 537 65 
70 621 70 619 70 580 70 540 70 
75 621 75 621 75 583 75 543 75 
80 621 80 621 80 586 80 546 80 
85 621 85 621 85 590 85 550 85 
90 621 90 621 90 594 90 554 90 
95 621 95 621 95 598 95 559 95 
98 621 98 621 100 603 100 564 100 
98 678 98 640 105 609 105 570 105 
100 680 100 642 110 615 110 577 110 
105 685 105 647 115 622 115 584 115 
110 690 110 653 120 630 120 592 120 
115 697 115 659 125 638 125 601 125 
120 703 120 667 130 648 130 611 130 
125 711 125 675 135 658 135 623 135 
130 719 130 684 140 670 140 635 140 
135 729 135 693 145 683 145 649 145 
140 739 140 704 150 697 150 664 150 
145 750 145 716 155 713 155 682 155 
150 763 150 730 160 731 160 701 160 
155 776 155 745 165 750 165 722 165 
160 792 160 761 170 772 170 745 170 
165 809 165 779 175 796 175 771 175 
170 827 170 799 180 822 180 800 180 
175 848 175 821 185 852 185 832 185 
180 871 180 846 190 884 190 867 190 
185 896 185 873 195 920 195 906 195 
190 924 190 903 200 960 200 949 200 

WCAP-18363-NP 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 

-100°F/hr 
p 

(psig) 
452 
455 
458 
461 
464 
469 
473 
478 
484 
491 
499 
507 
516 
527 
539 
552 
566 
582 
601 
621 
643 
668 
695 
726 
760 
798 

· 840 
886 
938 

March 2020 
Revision 1 



Westinghouse Non-Proprietary Class 3 6-8 

Table 6-3 North Anna Units 1 and 2 72 EFPY Cooldown Curves Data Points using the 1998 Edition through the 2000 Addenda App. G 
Methodology (w/ K1c, w/ Flange Requirements, and w/o Margins for Instrumentation Errors or Pressure Correction) 

Steadv-State -20°F/hr -40°F/hr -60°F/hr 
T p T p T p T p T 

(OF) (psig) (OF) (psig) (OF) (psig) (OF) (psig) (OF) 

195 954 195 936 205 1004 205 997 205 
200 988 200 973 210 1053 210 1051 210 
205 1026 205 1014 215 1107 215 1107 215 
210 1067 210 1059 220 1163 220 1163 220 
215 1113 215 1108 225 1220 225 1220 225 
220 1164 220 1163 230 1282 230 1282 230 
225 1220 225 1220 235 1350 235 1350 235 
230 1282 230 1282 240 1426 240 1426 240 
235 1350 235 1350 245 1509 245 1509 245 
240 1426 240 1426 250 1601 250 1601 250 
245 1509 245 1509 255 1703 255 1703 255 
250 1601 250 1601 260 1816 260 1816 260 
255 1703 255 1703 265 1941 265 1941 265 
260 1816 260 1816 270 2078 270 2078 270 
265 1941 265 1941 275 2231 275 2231 275 
270 2078 270 2078 280 2399 280 2399 280 
275 2231 275 2231 - - - - -
280 2399 280 2399 - - - - -
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7 HEATUP AND COOLDOWN LIMITS APPLICABILITY AND 
MARGIN ASSESSMENT 

This section provides a comparison of the Heatup and Cooldown P-T limit curves currently implemented 
in the North Anna Units 1 and 2 Technical Specifications (Reference 18) and the Heatup and Cooldown 
P-T limit curves generated within this report. 

The curves developed in this report (through 72 EFPY; without margins for instrumentation errors) are 
shown as solid lines in Figures 7-1 through 7-4, while the curves developed from the data points (through 
EOLE; without margins for instrumentation errors) are shown as dashed lines in Figures 7-1 through 7-4. 
Data from WCAP-15112 (Reference 17) was chosen for comparison because it represents the basis for the 
current Technical Specifications P-T limit curves (without adjustments for uncertainties or pressure 
correction). The color scheme in Figures 7-1 through 7-4 correlates so that the solid and dashed lines have 
an identical colors for each corresponding heatup or cooldown rate. 

Figure 7-1 provides a side-by-side comparison of the heatup curves, with Table 7-2 providing the 
quantification of the margin between the two curves. Figure 7-2 shows a magnified version of Figure 7-1 
in the lower pressure and temperature region. Table 7-4 contains a summary of the available margin. 

Figure 7-3 provides a side-by-side comparison of the cooldown curves, with Table 7-3 providing the 
quantification of the margin between the two curves. Figure 7-4 shows a magnified version of Figure 7-3 
in the lower pressure and temperature region. Table 7-5 contains a summary of the available margin. 

Per Tables 7-4 and 7-5, the minimum pressure difference (at constant temperature) between the current P-T 
limit curves and the new curves developed herein is O psid. However, the O psid margin is driven by the 10 
CFR 50, Appendix G flange requirements (minimum temperature= minimum flange RTNDT(U) + 120°F at 
> 20% of the hydrostatic test pressure) which are identical for both sets of curves since both curves use a 
limiting RT NDT value of -22°F. The minimum margin associated with the ASME Section XI, Appendix G 
calculation is 1 psid, which applies to the 60°F/hr heatup curves below 100°F. The pressure margin is much 
larger in the higher temperature ranges, as demonstrated in Tables 7-3 and 7-4. Using visual comparison of 
the current Technical Specifications P-T limit curves and the new curves, a minimum temperature difference 
( at constant pressure) of no less than l 0°F is identified. The curve comparisons demonstrate that the current 
EOLE curves are equal to or bounding at all pressure/temperature combinations. 

Additionally, the minimum temperature for criticality of 541 °F from Technical Specifications 3 .4.2 bounds 
the criticality curves developed herein. Thus, no changes are required to the minimum criticality 
temperature. 

These comparisons are made without instrument uncertainties or pressure corrections. Dominion has 
reevaluated the instrument uncertainties and pressure corrections. A comparison of the recalculated 
correction factors with those used in the Technical Specifications P-T limit curves are identified in 
Table 7-1. 
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Table 7-1 North Anna Units 1 and 2 Pressure and Temperature Correction Factors 

Type 
Current TS Revised 

Units Value(a) Value(b) 

Pressure adjustment for head loss. 57(c) 59.06 (2'.: 180°F) 
psid 

56.1 (< 180°F) 

Pressure correction for instrument uncertainty. 70.1 68.58 psid 

Temperature correction for instrument uncertainty. 13.5 11.2 op 

Notes: 

(a) Values were taken from Reference 20. 

(b) Values were taken from SM-908, Addendum E (Reference 21). 

(c) This value considers one reactor coolant pump (RCP), two RCP, and three RCP operation. 

These correction factor changes are generally in the conservative direction; therefore, the changes do not 
need to be qualified. The exception is the pressure adjustment at high temperatures, i.e. 2'.: 180°F. This non­
conservative change is accounted for with the margin between the two sets of P-T limit curves. Per 
Tables 7-4 and 7-5, at 2'.: 180°F, the margin is greater than 50 psid. Therefore, there is sufficient margin to 
account for the 2.06 psid non-conservative increase in the pressure adjustment (59.06 psid - 57 psid). 
Therefore, when the margin and adjustments are considered together, the current Technical Specifications 
P-T limit curves remain conservative. 

P-T Limit Curve Applicability Conclusion 

In conclusion, the margins between the curves developed herein and the current Technical Specifications 
P-T limit curves illustrate that the current Technical Specifications P-T limit curves remain applicable 
through 72 EFPY for the beltline regio1:. Since the P-T limits remain applicable, the current Technical 
Specifications P-T limit curves remain valid through SLR. 

Low Temperature Overpressure Protection (LTOP) Applicability Conclusion 

The maximum allowable Low Temperature Overpressure Protection System (L TOPS) pressurizer Power 
Operated Relief Valve (PORV) setpoint was calculated to be :S 400 psig when any RCS cold leg temperature 
is :S 180°F and :S 558 psig when any RCS cold leg temperature is ::; 280°F for the North Anna Units 1 and 
2 SLR program. The calculation was performed in accordance with the WCAP-14040-A (Reference 2) 
methodology using critical L TOPS input parameters provided by Dominion, updated results of the design 
basis mass injection (MI) and heat injection (HI) transients, and the limiting axial flaw steady state 
Appendix G limits from WCAP-15112 (Reference 17) that were determined to be applicable for SLR 
through 72 EFPY for North Anna Units 1 and 2. 

The evaluation showed that the current Technical Specifications value of::; 375 psig when any RCS cold 
leg temperature is ::; 180°F and ::; 540 psig when any RCS cold leg temperature is :S 280°F maintain margin 
to the maximum allowable settings calculated for SLR throughout the range of L TOP applicability. 
Therefore, the current L TOPS settings are bounding and can be maintained for SLR through 72 EFPY for 
North Anna Units 1 and 2. 
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Summary of Conclusions 

• The current P-T limit curves in the North Anna Power Station Technical Specifications (Reference 18) 
remain valid through 72 EFPY. 

• The nozzle P-T limit curves ( documented in Appendix B) are bounded by the current North Anna Power 
Station Technical Specifications (Reference 18) P-T limit curves through 72 EFPY, and other Reactor 
Coolant Pressure Boundary ferritic components have been addressed (see Appendix C). 

• The current Technical Specifications POR V setpoints remain valid for SLR through 72 EFPY. 
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Figure 7-1 North Anna Units 1 and 2 Curve Comparison Between the Current and Newly 
Developed P-T Limit Curves for 20, 40, and 60°F/hr Heatup 
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Figure 7-2 North Anna Units 1 and 2 Curve Comparison Between the Current and Newly 
Developed P-T Limit Curves for 20, 40, and 60°F/hr Heatup (Magnified) 
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Figure 7-4 North Anna Units 1 and 2 Curve Comparison Between the Current and Newly 
Developed P-T Limit Curves for Steady-State and 0, -20, -40, -60, and -100°F/hr. 
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Table 7-2 

Temp. 
(OF) 

60 
65 
70 
75 
80 
85 
90 
95 
98 
98 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 
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North Anna Units 1 and 2 Heatup P-T Limit Curve Pressure Margin Summary Between 
the Current P-T Limit Curves and the New P-T Limit Curves to 72 EFPY 

20°F/hr. Heatup 40°F/hr. Heatup 60°F/hr. Heatup 
New<a) TS(b) Margin<c) New<a) TS(b) Margin<c) New<a) TS(b) Margin<c) 
(psig) (psig) (psid) (psig) (psig) (psid) (psig) (psig) (psid) 

621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 619 618 1 
621 621 0 621 621 0 - 618 -
678 664 14 647 640 7 - 618 -
680 666 14 649 640 9 620 618 2 
685 670 15 653 642 11 621 618 3 
690 674 16 659 645 14 624 618 6 
697 679 18 665 649 16 628 619 9 
703 684 19 673 654 19 633 621 12 
711 690 21 681 660 21 639 624 15 
719 696 23 690 666 24 646 629 17 
729 703 26 700 674 26 654 634 20 
739 711 28 711 683 28 663 640 23 
750 719 31 724 692 32 673 647 26 
763 729 34 738 703 35 685 656 29 
776 739 37 753 715 38 697 665 32 
792 751 41 770 728 42 711 676 35 
809 764 45 789 743 46 727 688 39 
827 778 49 809 759 50 744 701 43 
848 794 54 832 777 55 763 716 47 
871 811 60 858 797 61 784 732 52 
896 830 66 886 819 67 808 751 57 
924 851 73 916 843 73 834 771 63 
954 875 79 951 870 81 863 793 70 
988 901 87 988 900 88 894 818 76 
1026 929 97 1026 929 97 929 846 83 
1067 961 106 1067 961 106 968 876 92 
1113 995 118 1113 995 118 1011 910 101 
1164 1034 130 1164 1034 130 1058 947 111 
1220 1077 143 1220 1077 143 1110 988 122 
1277 1124 153 1276 1124 152 1168 1033 135 
1340 1176 164 1334 1176 158 1232 1083 149 
1409 1233 176 1398 1233 165 1302 1138 164 
1486 1291 195 1469 1289 180 1379 1199 180 
1571 1356 215 1547 1349 198 1465 1266 199 
1665 1427 238 1634 1415 219 1560 1340 220 
1769 1506 263 1729 1487 242 1664 1422 242 
1883 1593 290 1835 1567 268 1779 Note (d) -
2010 1690 320 1951 1656 295 1901 1613 288 
2150 1796 354 2080 1754 326 2020 1719 301 
2304 1913 391 2222 1862 360 2150 1818 332 
2474 2043 431 2378 1981 397 2295 1928 367 

- 2187 - - 2113 - 2454 2049 405 
- 2345 - - 2258 - - 2183 -
- - - - - - - 2330 -

Notes contained on following page. Dashes in the table indicate that a value is not applicable. 
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Notes: 

(a) Data points for the newly developed P-T limit curves are generated in Section 6 of this report. 

(b) Data points for the current P-T limit curves were generated in WCAP-15112 (Reference 17), which forms the 
basis of the current Technical Specifications (TS) P-T limit curves without uncertainties or adjustments. 

(c) Margin equals New P-T limit curve data point minus WCAP-15112 P-T limit curve data point for each 
temperature and rate. 

( d) WCAP-15112 (Reference 17) does not provide a 60°F/hr heatup data point at 265°F. 

WCAP-18363-NP March 2020 
Revision 1 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 7-10 

Table 7-3 North Anna Units 1 and 2 Cooldown P-T Limit Curve Pressure Margin Summary Between the Current P-T Limit Curves and the New P-T 
Limit Curves to 72 EFPY 

Steady-State -20°F/hr. -40°F/hr. -60°F/hr. 
Temp. New<a> TS(b) Margin<c) New<a> TS(b) Margin<c> New<a> TS(b) Margin<c> New<a) TS(b) Margin<c) (OF) 

(psig) (psig) (psid) (psig) (psig) (psid) (psig) (psig) (psid) (psig) (psig) (psid) 
60 621 621 0 614 606 8 575 566 9 535 525 10 
65 621 621 0 617 608 9 577 568 10 537 527 10 
70 621 621 0 619 610 9 580 570 10 540 529 11 
75 621 621 0 621 612 9 583 572 11 543 531 12 
80 621 621 0 621 614 7 586 574 12 546 533 13 
85 621 621 0 621 617 4 590 577 13 550 536 14 
90 621 621 0 621 620 1 594 580 14 554 539 15 
95 621 621 0 621 621 0 598 583 15 559 542 16 
98 621 621 0 621 621 0 - - - - - -
98 678 664 13 640 625 15 - - - - - -
100 680 666 14 642 627 15 603 587 16 564 546 18 
105 685 670 15 647 631 16 609 591 18 570 551 19 
110 690 674 16 653 635 18 615 596 19 577 556 21 
115 697 679 18 659 640 19 622 601 21 584 561 23 
120 703 684 20 667 645 21 630 607 23 592 567 25 
125 711 690 21 675 652 23 638 613 25 601 574 27 
130 719 696 23 684 658 25 648 620 27 611 582 30 
135 729 703 26 693 666 28 658 628 30 623 590 33 
140 739 711 28 704 674 30 670 637 33 635 599 36 
145 750 719 31 716 683 33 683 647 36 649 610 39 
150 763 729 34 730 693 37 697 657 40 664 622 43 
155 776 739 37 745 704 40 713 669 43 682 634 47 
160 792 751 41 761 717 44 731 683 48 701 649 52 
165 809 764 45 779 731 48 750 698 53 722 665 57 
170 827 778 49 799 746 53 772 714 58 745 682 63 
175 848 794 54 821 763 59 796 732 64 771 702 69 
180 871 811 60 846 781 65 822 752 70 800 724 76 
185 896 830 66 873 802 71 852 775 77 832 748 84 
190 924 851 72 903 825 78 884 799 85 867 775 92 
195 954 875 80 936 850 86 920 827 94 906 804 102 
200 988 901 88 973 878 95 960 857 103 949 837 112 
205 1026 929 97 1014 909 105 1004 890 114 997 874 124 
210 1067 961 107 1059 943 116 1053 927 126 1051 914 136 
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Table 7-3 North Anna Units 1 and 2 Cooldown P-T Limit Curve Pressure Margin Summary Between the Current P-T Limit Curves and the New P-T 
Limit Curves to 72 EFPY 

Temp. 
(OF) 

215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 

Steady-State -20°F/hr. -40°F/hr. -60°F/hr. -100°F/hr. 
New<a) TS(b) Margin<c) New<a) TS(b) Margin<c) New<a) TS(b) Margin<c) New<a) TS(b) Margin<c) New<a) TS(b) Margin<c) 
(psig) (psig) (psid) (psig) (psig) (psid) (psig) (psig) (psid) (psig) (psig) (psid) (psig) (psig) 
1113 995 118 1108 981 128 1107 968 139 1107 959 148 1107 949 
1164 1034 130 1163 1023 141 1163 1014 149 1163 1008 155 1163 1009 
1220 1077 143 1220 1069 151 1220 1064 155 1220 1063 157 1220 1074 
1282 1124 158 1282 1120 162 1282 1120 162 1282 1124 158 1282 1124 
1350 1176 174 1350 1176 174 1350 1176 174 1350 1176 174 1350 1176 
1426 1233 192 1426 1233 192 1426 1233 192 1426 1233 192 1426 1233 
1509 1297 212 1509 1297 212 1509 1297 212 1509 1297 212 1509 1297 
1601 1367 234 1601 1367 234 1601 1367 234 1601 1367 234 1601 1367 
1703 1444 259 1703 1444 259 1703 1444 259 1703 1444 259 1703 1444 
1816 1530 286 1816 1530 286 1816 1530 286 1816 1530 286 1816 1530 
1941 1625 316 1941 1625 316 1941 1625 316 1941 1625 316 1941 1625 
2078 1730 349 2078 1730 349 2078 1730 349 2078 1730 349 2078 1730 
2231 1846 385 2231 1846 385 2231 1846 385 2231 1846 385 2231 1846 
2399 1973 425 2399 1973 425 2399 1973 425 2399 1973 425 2399 1973 

- 2115 - - 2115 - - 2115 - - 2115 - - 2115 
- 2271 - - 2271 - - 2271 - - 2271 - - 2271 
- 2444 - - 2444 - - 2444 - - 2444 - - 2444 

Notes: 
(a) Data points for the newly developed P-T limit curves are generated in Section 6 of this report. Dashes in the table indicate that a value is not applicable. 

(b) Data points for the current P-T limit curves were generated in WCAP-15112 (Reference 17), which forms the basis of the current Technical Specifications 
(TS) P-T limit curves without uncertainties or adjustments. 

(c) Margin equals New P-T limit curve data point minus WCAP-15112 P-T limit curve data point for each temperature and rate. Dashes in the table indicate that 
a value is not applicable. 
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(psid) 
158 
155 
146 
158 
174 
192 
212 
234 
259 
286 
316 
349 
385 
425 
-
-
-



Table 7-4 
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North Anna Units 1 and 2 Heatup Margin Summary Between the Current 
P-T Limit Curves and the New P-T Limit Curves to 72 EFPY 

20°F/hr. 
Temperature Pressure Margin 

(OF) (psh!) 
60 0 
65 0 
70 0 
75 0 
80 0 
85 0 
90 0 
95 0 
98 14 
100 14 
105 15 
110 16 
115 18 
120 19 
125 21 
130 23 
135 26 
140 28 
145 31 
150 34 
155 37 
160 41 
165 45 
170 49 
175 54 
180 60 
185 66 
190 73 
195 79 
200 87 
205 97 
210 106 
215 118 
220 130 
225 143 
230 153 
235 164 
240 176 
245 195 
250 215 
255 238 
260 263 
265 290 
270 320 
275 354 
280 391 
285 431 
290 -

40°F/hr. 
Pressure Margin 

(psig) 
0 
0 
0 
0 
0 
0 
0 
0 
7 
9 
11 
14 
16 
19 
21 
24 
26 
28 
32 
35 
38 
42 
46 
50 
55 
61 
67 
73 
81 
88 
97 
106 
118 
130 
143 
152 
158 
165 
180 
198 
219 
242 
268 
295 
326 
360 
397 
-

60°F/hr. 
Pressure Margin 

(psig) 
1 
1 
1 
1 
1 
1 
1 
1 
-
2 
3 
6 
9 
12 
15 
17 
20 
23 
26 
29 
32 
35 
39 
43 
47 
52 
57 
63 
70 
76 
83 
92 
101 
111 
122 
135 
149 
164 
180 
199 
220 
242 

-
288 
301 
332 
367 
405 
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Table 7-5 

Temperature 
(OF) 
60 
65 
70 
75 
80 
85 
90 
95 
98 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
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North Anna Units 1 and 2 Cooldown Margin Summary Between the Current P-T Limit Curves 
and the New P-T Limit Curves to 72 EFPY 

Steady State -20°F/hr. -40°F/hr. -60°F/hr. -100°F/hr. 
Pressure Margin Pressure Margin Pressure Margin Pressure Margin Pressure Margin 

(psig) (psig) (psig) (psig) (psig) 
0 8 9 10 11 
0 9 10 10 12 
0 9 10 11 13 
0 9 11 12 14 
0 7 12 13 15 
0 4 13 14 16 
0 1 14 15 18 
0 0 15 16 19 
13 15 - - -
14 15 16 18 21 
15 16 18 19 23 
16 18 19 21 25 
18 19 21 23 27 
20 21 23 25 29 
21 23 25 27 32 
23 25 27 30 35 
26 28 30 33 38 
28 30 33 36 42 
31 33 36 39 46 
34 37 40 43 51 
37 40 43 47 56 
41 44 48 52 61 
45 48 53 57 67 
49 53 58 63 74 
54 59 64 69 82 
60 65 70 76 90 
66 71 77 84 99 
72 78 85 92 109 
80 86 94 102 120 
88 95 103 112 133 
97 105 114 124 147 
107 116 126 136 154 
118 128 139 148 158 
130 141 149 155 155 
143 151 155 157 146 
158 162 162 158 158 
174 174 174 174 174 
192 192 192 192 192 
212 212 212 212 212 
234 234 234 234 234 
259 259 259 259 259 
286 286 286 286 286 
316 316 316 316 316 
349 349 349 349 349 
385 385 385 385 385 
425 425 425 425 425 
470 - - - -
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APPENDIX A THERMAL STRESS INTENSITY FACTORS (K1t) 

Tables A-1 and A-2 contain the thermal stress intensity factors (Kit) for the maximum heatup and cooldown 
rates at 72 EFPY for North Anna Units 1 and 2 based on the Section 6 P-T limit curves. The reactor vessel 
cylindrical shell radii to the 1/4T and 3/4T locations are as follows: 

• 1/4T Radius= 80.575 inches 

• 3/4T Radius= 84.414 inches 
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TableA-1 

Water 
Temp. 

(OF) 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

205 

210 

WCAP-18363-NP 
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K1t Values for North Anna Units 1 and 2 60°F/hr Heatup Curve at 72 EFPY 
(w/o Margins for Instrument Errors) 

Vessel 
l/4T Thermal Temperature at 

Stress l/4T Location for 
Intensity Factor 

60°F/hr Heatup 
(ksi ✓in.) 

(OF) 

56.623 -1.062 

60.067 -2.336 

63.664 -3.196 

67.622 -3.941 

71.803 -4.472 

76.142 -4.922 

80.649 -5.251 

85.231 -5.532 

89.927 -5.739 

94.656 -5.921 

99.462 -6.056 

104.281 -6.178 

109.150 -6.270 

114.024 -6.356 

118.931 -6.422 

123.838 -6.486 

128.767 -6.536 

133.695 -6.587 

138.638 -6.628 

143.579 -6.670 

148.529 -6.706 

153.477 -6.744 

158.432 -6.776 

163.386 -6.811 

168.343 -6.841 

173.299 -6.874 

178.258 -6.903 

183.216 -6.935 

188.176 -6.964 

193.136 -6.995 

198.095 -7.023 

Vessel Temperature 
at 3/4T Location 

for 60°F/hr Heatup 
(OF) 

55.200 

56.104 

57.938 

60.474 

63.543 

67.044 

70.866 

74.941 

79.204 

83.615 

88.140 

92.753 

97.434 

102.168 

106.944 

111.751 

116.583 

121.434 

126.301 

131.179 

136.066 

140.960 

145.859 

150.763 

155.670 

160.580 

165.492 

170.405 

175.319 

180.235 

185.150 

3/4T Thermal 
Stress 

Intensity Factor 
(ksi ✓in.) 

0.608 

1.594 

2.314 

2.888 

3.327 

3.676 

3.945 

4.160 

4.330 

4.469 

4.581 

4.673 

4.749 

4.813 

4.867 

4.915 

4.956 

4.993 

5.027 

5.058 

5.087 

5.114 

5.140 

5.166 

5.190 

5.214 

5.237 

5.260 

5.283 

5.306 

5.328 
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Table A-2 K1t Values for North Anna Units 1 and 2 -100°F/hr Cooldown Curve at 72 EFPY 
(w/o Margins for Instrument Errors) 

Water 
Vessel Temperature at -100°F/hr Cooldown 

Temp. 
1/4T Location for 1/4T Thermal Stress 

-100°F/hr Cooldown Intensity Factor (OF) 
(OF) (ksi ✓in.) 

210 231.258 12.630 

205 226.188 12.577 

200 221.117 12.525 

195 216.047 12.473 

190 210.977 12.420 

185 205.907 12.368 

180 200.837 12.316 

175 195.766 12.263 

170 190.697 12.212 

165 185.627 12.159 

160 180.557 12.108 

155 175.487 12.056 

150 170.418 12.004 

145 165.348 11.952 

140 160.279 11.901 

135 155.209 11.849 

130 150.140 11.798 

125 145.071 11.747 

120 140.002 11.696 

115 134.933 11.645 

110 129.865 11.594 

105 124.796 11.543 

100 119.728 11.493 

95 114.659 11.442 

90 109.591 11.392 

85 104.523 11.342 

80 99.455 11.292 

75 94.387 11.241 

70 89.319 11.192 

65 84.252 11.142 

60 79.186 11.091 
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APPENDIXB 
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REACTOR VESSEL INLET AND OUTLET NOZZLES 
COOLDOWN PRESSURE-TEMPERATURE LIMITS 

Reactor vessel non-beltline materials may define pressure-temperature (P-T) limit curves that are more 
limiting than those calculated for the reactor vessel cylindrical shell beltline materials. Reactor vessel 
nozzles, penetrations, and other discontinuities have complex geometries that can exhibit significantly 
higher stresses than those for the reactor vessel beltline shell region. These higher stresses can potentially 
result in more restrictive P-T limits, even if the reference temperatures (RT NDT) for these components are 
not as high as those of the reactor vessel beltline shell materials that have simpler geometries. 

The methodology contained in WCAP-14040-A, Revision 4 (Reference B-1) was used in the main body of 
this report to develop P-T limit curves for the limiting North Anna Units 1 and 2 cylindrical shell beltline 
material; however, WCAP-14040-A, Revision 4 does not consider ferritic materials in the non-cylindrical 
area adjacent to the beltline, specifically the stressed inlet and outlet nozzles. Due to the geometric 
discontinuity, the inside comer regions of these nozzles are the most highly stressed ferritic components 
outside the beltline region of the reactor vessel; therefore, these components are analyzed in this Appendix. 
P-T limit curves are determined for the reactor vessel nozzle comer region for North Anna Units 1 and 2 
and compared to the P-T limit curves for the reactor vessel traditional beltline region in order to determine 
if the nozzles can be more limiting than the reactor vessel beltline as the plant ages and the vessel 
accumulates more neutron fluence. The increase in neutron fluence as the plant ages causes a concern for 
embrittlement of the reactor vessel above the beltline region. Therefore, the P-T limit curves are developed 
for the nozzle inside comer region since the geometric discontinuity results in high stresses due to internal 
pressure and the cooldown transient. The cooldown transient is analyzed as it results in tensile stresses at 
the inside surface of the nozzle comer. 

A l/4T axial flaw is postulated at the inside surface of the reactor vessel nozzle comer, and stress intensity 
factors are determined based on the rounded curvature of the nozzle geometry. The allowable pressure is 
then calculated based on the fracture toughness of the nozzle material and the stress intensity factors for the 
l/4T flaw. 

Allowable pressures are determined for a given temperature based on the fracture toughness of the limiting 
nozzle material along with the appropriate pressure and thermal stress intensity factors. The North Anna 
Units 1 and 2 nozzle fracture toughness used to determine the P-T limits is calculated using the Krc 
methodology and limiting inlet and outlet nozzle ART values. The stress intensity factor correlations used 
for the nozzle comers are provided in an Oak Ridge National Laboratory study, ORNL/TM-2010/246 
(Reference B-2), and are consistent with those in ASME PVP2011-57015 (Reference B-3). The 
methodology includes postulating an inside surface l/4T nozzle comer flaw, and calculating through-wall 
nozzle comer stresses for a cooldown rate of 100°F /hour. 

The through-wall stresses at the nozzle comer location were fitted based on a third-order polynomial of the 
form: 

where, 

a= through-wall stress distribution 
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x = through-wall distance from inside surface 

Ao, A1, A2, A3 = coefficients of polynomial fit for the third-order polynomial, used in the stress 
intensity factor expression discussed below. 

The stress intensity factors generated for a rounded nozzle comer for the pressure and thermal gradient 
loads were calculated based on the methodology provided in ORNL/TM-2010/246. The stress intensity 
factor expression for a rounded comer is: 

where, 

Kr stress intensity factor for a circular comer crack on a nozzle with a rounded inner radius 
comer 

a crack depth at the nozzle comer, for use with l/4T (25% of the wall thickness) 

An outside surface flaw in the nozzle was not considered because the pressure stress is significantly lower 
at the outside surface than the inside surface. A heatup nozzle P-T limit curve is also not provided since it 
would be less limiting than the cooldown nozzle P-T limit curves shown in this section for an inside surface 
flaw. Additionally, the cooldown transient is more limiting than the heatup transient since it results in 
tensile stresses (rather than compressive stresses) at the inside surface of the nozzle comer. 

Figures B-1 and B-2 show the most limiting 72 EFPY inlet and outlet nozzle P-T limit curves for North 
Anna Units 1 and 2 based on limiting ART values of 34.8°F and 8.0°F for the inlet and outlet nozzles, 
respectively, as determined from Tables 5-6 and 5-9 using surface fluence in the main body of this report. 
The nozzle P-T limits are provided for a cooldown rate of 100°F/hr, along with a steady-state curve. Also 

shown in Figures B-1 and B-2 are the North Anna Units 1 and 2 beltline EOLE cooldown P-T limit curves 
from WCAP-15112 (Reference B-4). These beltline cooldown P-T limit curves are the basis for the 
cooldown P-T limit curves currently implemented in the North Anna Power Station Technical 
Specifications and were shown to be valid through SLR, i.e. 72 EFPY, in Section 7 of this report. 

Conclusion 

Based on the results shown in Figures B-1 and B-2, it is concluded that the nozzle P-T limits are bounded 
by the traditional cylindrical beltline curves. Therefore, the P-T limits provided in WCAP-15112 remain 
limiting for the beltline and non-beltline reactor vessel components. 
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B-3 

Figure B-1 Comparison of North Anna (72 EFPY for Units 1 and 2) Inlet Nozzle Cooldown P-T 
Limits (K1c) with the Beltline Cylindrical Shell P-T limits (K1c) Without Margins for 

Instrument Error or Pressure Correction and With Flange Requirements 
(ART inlet nozzle= 34.8°F) 
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Figure B-2 Comparison of North Anna (72 EFPY for Units 1 and 2) Outlet Nozzle Cooldown P-T 
Limits (K1c) with Beltline Cylindrical Shell P-T limits (K1c) Without Margins for 

Instrument Error or Pressure Correction and With Flange Requirements 
(ART outlet nozzle= 8.0°F) 
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APPENDIXC OTHER RCPB FERRITIC COMPONENTS 

10 CFR Part 50, Appendix G (Reference C-1 ), requires that all Reactor Coolant Pressure Boundary (RCPB) 
components meet the requirements of Section III of the ASME Code. The lowest service temperature 
requirement (LST) for all RCPB components, which is specified in NB-2332(b) and NB-3211 of Section 
III of the ASME Code, is the relevant requirement that would affect the pressure-temperature (P-T) limits. 
This requirement is applicable to ferritic materials outside of the reactor vessel with a nominal wall 
thickness greater than 2 ½ inches, such as piping, pumps and valves (Reference C-2). 

The North Anna Units 1 and 2 reactor coolant systems do not contain ferritic materials in the Class 1 piping, 
pumps and valves per Section 4.3 of this report. Therefore, the LST requirements ofNB-2332(b) and NB-
3211 are not applicable to the North Anna Units 1 and 2 P-T limits. 

The other ferritic RCPB components that are not part of the reactor vessel beltline or extended beltline in 
North Anna Units 1 and 2 consist of the replacement reactor vessel closure heads, repaired steam generators, 
and pressurizers. 

The replacement reactor vessel closure head materials do not affect the flange requirements considered in 
the development of the North Anna Power Station Technical specifications P-T limits. Additionally, the 
replacement reactor vessel closure heads for Units 1 and 2 were constructed to the French Construction 
Code (RCC-M) 1993 Edition with 1st Addenda June 1994, 2nd Addenda June 1995, 3rd Addenda June 
1996 and Modification Sheets FM 797, 798,801,802,803,804,805,806, and 807. The sizing calculations 
and stress and fatigue analyses were performed to Section III of the ASME Code, 1995 Edition through 
1996 Addenda. The Design Report and Report of Reconciliation certify that the closure head meets the 
design requirements for the ASME Code Section III 1968 Edition through Winter 1968 Addenda (Reference 
C-3). 

The steam generators were designed and analyzed to the 1968 Edition through Winter 1968 Addenda of 
Section III of the ASME Code, and met all applicable requirements at the time of construction. Portions of 
the steam generators were repaired, and these portions were fabricated and manufactured in accordance 
with the 1986 Edition of Section III of the ASME Code (Reference C-3). Therefore, no further 
consideration is necessary for these components with regards to P-T limits. 

The pressurizers were designed and analyzed to the 1968 Edition through Winter 1968 Addenda of Section 
HI oftheASME Code, and met all applicable requirements at the time of construction (Reference C-3). No 
further consideration is necessary for these components with regards to P-T limits. 

C.1 REFERENCES 

C-1. Code of Federal Regulations, 10 CFR Part 50, Appendix G, "Fracture Toughness Requirements," 
U.S. Nuclear Regulatory Commission, Federal Register, Volume 60, No. 243, dated December 19, 
1995. 

C-2. ASME Boiler and Pressure Vessel (B&PV) Code, Section III, Division 1, Subsection NB, "Class 1 · 
Components." 

C-3. North Anna Power Station (NAPS) Updated Final Safety Analysis Report (UFSAR), Amendment 
No. 54, September 2018. 
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APPENDIXD LTOP SYSTEM ENABLE TEMPERATURE 

ASME Code Case N-641 (Reference D-1) presents alternative procedures for calculating pressure­
temperature relationships and low temperature overpressure protection (L TOP) system effective 
temperatures, Te, and allowable pressures. The procedures provided in Code Case N-641 take into account 
alternative fracture toughness properties, circumferential and axial reference flaws, and plant-specific 
LTOP effective temperature calculations. 

Per ASME Code Case N-641, the L TOP system shall be effective below the higher temperature determined 
in accordance with (1) and (2) in the following list. Alternatively, LTOP systems shall be effective below 
the higher temperature determined in accordance with (1) and (3) in the following list. 

Notes: 

(1) a coolant temperatureCa) of 200°F 

(2) a coolant temperatureCa) corresponding to a reactor vessel metal temperatureCb), for all vessel 

beltline materials, where Te is defined for inside axial surface flaws as RT NDT + 40°F, and Te is 
defined for inside circumferential surface flaws as RTNDT - 85°F. 

(3) a coolant temperatureCa) corresponding to a reactor vessel metal temperatureCb), for all vessel 
beltline materials, where Te is calculated on a plant-specific basis for axial and circumferential 
reference flaws using the following equation: 

Te= RTNDT + 50 ln [((F * Mm (pRi / t))- 33.2) / 20.734] 

Where, 

F = 1.1, accumulation factor for safety relief valves 

Mm = the value of Mm determined in accordance with G-2214.1, ✓in. 

p = vessel design pressure, ksig 

Ri = vessel inner radius, in. 

t = vessel wall thickness, in. 

(a) The coolant temperature is the reactor coolant inlet temperature. 

(b) The vessel metal temperature is the temperature at a distance 1/4 of the vessel section thickness from the 

clad/base metal interface in the vessel beltline region. RT NDT is the highest adjusted reference 

temperature (for weld or base metal in the beltline region) at a distance 1/4 of the vessel section thickness 

from the vessel clad/base metal interface as determined by Regulatory Guide 1.99, Revision 2 (Reference 

D-2). 

Using the ASME Code Case N-641 equations and the following inputs, the North Anna Units 1 and 2 LTOP 
system minimum enable temperature using Cases 2 and 3 was determined. 
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RTNDT = 205°F for 72 EFPY (at 1/4T per Table 5-1) 

F = 1.1 

Mm = 2.566 ✓in. (See Section 4 for equations used to calculate Mm) 

p = 2.485 ksig 

Ri = 78.656 in. 

t = 7.677 in. 

The LTOP system shall be effective below the higher temperature determined in accordance with (1) and 
(2) in the preceding list, which results in a Te= 245°F for 72 EFPY. Alternatively, L TOP systems shall be 
effective below the higher temperature determined in accordance with (1) and (3) above, which results in a 
Te= 236.2°F for 72 EFPY. Since Item (3) is less than Item (2), the minimum enable temperature will be 
based on Te= 236.2°F. 

The enable temperature determined for the fastest heatup rate will result in the highest enable temperature 
and will bound the enable temperature for all other heatup, cooldown, and isothermal conditions. During 
a 60°F/hr heatup, the 1/4T metal temperature will reach 236.2°F when the coolant temperature is equal to 
249°F. Since this temperature is also greater than 200°F [Item (1) above], the minimum required enable 
temperature (without margins for instrument uncertainty) is a coolant temperature equal to 249°F for 
72 EFPY. 

D.1 REFERENCES 

D-1. ASME Code Case N-641, "Alternative Pressure-Temperature Relationship and Low Temperature 
Overpressure Protection System Requirements Section XI, Division 1," ASME International, 
January 17, 2000. 

D-2. U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, Regulatory Guide 
1.99, Revision 2, "Radiation Embrittlement of Reactor Vessel Materials," May 1988. 
[ADAMS Accession Number ML003740284] 
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APPENDIXE CREDIBILITY EVALUATION OF THE NORTH ANNA 
UNITS 1 AND 2 SURVEILLANCE PROGRAMS 

Regulatory Guide 1.99, Revision 2 (Reference E-1) describes general procedures acceptable to the NRC 
staff for calculating the effects of neutron radiation embrittlement of the low-alloy steels currently used for 
light-water-cooled reactor vessels. Positions 2.1 and 2.2 of Regulatory Guide 1.99, Revision 2, describe 
the method for calculating the adjusted reference temperature and Charpy upper-shelf energy of reactor 
vessel beltline materials using surveillance capsule data. The methods of Positions 2.1 and 2.2 can only be 
applied when two or more credible surveillance data sets become available from the reactor in question. 

To date there have been three surveillance capsules removed and tested from each of the North Anna Units 1 
and 2 reactor vessels. The Unit 1 forging and weld surveillance data are judged to be nofr-credible based 
on the five criteria in Regulatory Guide 1.99, Revision 2. The Unit 2 weld surveillance data are judged to 
be credible based on the five criteria in Regulatory Guide 1.99, Revision 2; however, the Unit 2 forging 
surveillance data are judged to be non-credible. Appendix I contains an explanation of the North Anna 
licensing basis for the use of credible / non-credible surveillance data. 

Table E-1 reviews the five criteria in Regulatory Guide 1.99, Revision 2. The following subsections 
evaluate each of these five criteria for North Anna Units 1 and 2 in order to determine the credibility of the 
surveillance data for use in neutron radiation embrittlement calculations. 

It should be noted that this report also uses surveillance data from Sequoyah Units 1 and 2 surveillance 
programs. The credibility conclusions for the surveillance data from these programs are contained in 
WCAP-17539-NP (Reference E-2), Appendix A. The conclusions in WCAP-17539-NP will not be 
readdressed here as the use of surveillance data in this report does not affect the credibility conclusions. 

Table E-1 
Regulatory Guide 1.99, Revision 2, Credibility Criteria 

Criterion Description 
No. 

1 
Materials in the capsules should be those judged most likely to be controlling with regard to 
radiation embrittlement. 
Scatter in the plots of Charpy energy versus temperature for the irradiated and unirradiated 

2 conditions should be small enough to permit the determination.of the 30 ft-lbs temperature and 
upper-shelf energy unambiguously. 
When there are two or more sets of surveillance data from one reactor, the scatter of ~RT NDT 

values about a best-fit line drawn as described in Regulatory Position 2.1 normally should be 
less than 28°F for welds and l 7°F for base metal. Even if the fluence range is large (two or 

3 more orders of magnitude), the scatter should not exceed twice those values. Even if the data 
fail this criterion for use in shift calculations, they may be credible for determining decrease in 
upper-shelf energy if the upper shelf can be clearly determined, following the definition given 
inASTM El85-82. 

4 
The irradiation temperature of the Charpy specimens in the capsule should match the vessel 
wall temperature at the cladding/base metal interface within+/- 25°F. 

5 
The surveillance data for the correlation monitor material in the capsule should fall within the 
scatter band of the database for that material. 
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E.1 NORTH ANNA UNIT 1 CREDIBILITY EVALUATION 

Criterion 1: Materials in the capsules should be those judged most likely to be controlling with regard 
to radiation embrittlement. 

E-2 

The North Anna Unit 1 reactor vessel consists of the following beltline region materials, which likely would 
have been considered at the time the surveillance program was designed and licensed: 

a) Upper Shell Forging 
b) Intermediate Shell Forging 
c) Lower Shell Forging 
d) Intermediate to Lower Shell Circumferential Weld 
e) Upper to Intermediate Shell Circumferential Weld 

At the time that the North Anna Unit 1 surveillance program was designed and licensed, the materials 
selected for use in the North Anna Unit 1 surveillance program (Lower Shell Forging 03 and the 
Intermediate to Lower Shell Circumferential Weld) were those judged to be most likely controlling with 
regard to radiation embrittlement according to the accepted methodology. These materials remain limiting 
with respect to fluence and ART. Thus, the North Anna Unit 1 surveillance program meets the intent of this 
criterion. 

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

The surveillance capsule analysis report, BAW-2356 (Reference E-3), which supports the Position 2.1 
chemistry factor calculations, was reviewed and it was determined that this criterion is met. 

Criterion 3: When there are two or more sets of surveillance data from one reactor, the scatter of 
~RTNDT values about a best-fit line drawn as described in Regulatory Position 2.1 
normally should be less than 28°F for welds and l 7°F for base metal. Even if the fluence 
range is large (two or more orders of magnitude), the scatter should not exceed twice 
those values. Even if the data fail this criterion for use in shift calculations, they may be 
credible for determining decrease in upper-shelf energy if the upper shelf can be clearly 
determined, following the definition given inASTM E185-82. 

The functional form of the least squares method as described in Regulatory Position 2.1 will be utilized to 
determine a best-fit line for this data and to determine if the scatter of these ~RTNDT values about this line 
is less than 28°F for welds and less than l 7°F for the forgings. 

Following is the calculation of the best-fit line as described in Regulatory Position 2.1 of Regulatory Guide 
1.99, Revision 2. In addition, the recommended NRC methods for determining credibility will be followed. 
The NRC methods were presented to the industry at a meeting held by the NRC on February 12 and 13, 
1998 (Reference E-4). At this meeting the NRC presented five cases. Of the five cases, Case 1 
("Surveillance data available from plant but no other source") most closely represents the situation for the 
North Anna Unit 1 surveillance forging and weld material. 
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Case 1: Lower Shell Forging 03 and Weld Heat# 25531 

Following the NRC Case 1 guidelines, the North Anna Unit 1 surveillance forging and weld metal (Heat# 
25531) will be evaluated using the North Anna Unit 1 data. Only North Anna Unit 1 data is being 
considered; therefore, no temperature adjustment is required. 

The scatter of L1RTNDT values about the functional form of a best-fit line drawn as described in Regulatory 
Position 2.1 is presented in Table E.1-1. 

Table E.1-1 
North Anna Unit 1 Surveillance Capsule Data Scatter about the Best-Fit Line 

Using All Available Surveillance Data 

CF<a) Capsule Measured Predicted Scatter 
<17°F 

Material Capsule (Slopebest-fit) Fluence FF ARTNDT(b) ARTNDT ARTNDT(c) (Base Metal) 

(OF) (x 1019 n/cm2) (OF) (OF) {°F) <28°F 
(Weld) 

V 81.68 0.306 0.675 51 55.2 4.2 Yes 
Lower Shell 
Forging 03 u 81.68 0.914 0.975 116 79.6 36.4 No 
(Tangential) 

w 81.68 2.05 1.196 93 97.7 4.7 Yes 

V 81.68 0.306 0.675 29 55.2 26.2 No 
Lower Shell 
Forging 03 u 81.68 0.914 0.975 72 79.6 7.6 Yes 

(Axial) 
w 81.68 2.05 1.196 96 97.7 1.7 Yes 

V 67.53 0.306 0.675 88 45.6 42.4 No 
Surveillance 

Weld Material u 67.53 0.914 0.975 30 65.8 35.8 No 
(Heat# 25531) 

w 67.53 2.05 1.196 86 80.7 5.3 Yes 

Notes: 

(a) Since the Position 2.1 CFs in Table 3-4 did not consider chemistry or temperature adjustments the interim CFs are equal 
to the Position 2.1 CFs calculated in Table 3-4 of this report. 

(b) Lill.TNDT values are the measured 30 ft-lbs shift values taken from BAW-2356 (Reference E-3). 

(c) Scatter Lill.TNDT = Absolute Value [Predicted ~RTNDT-Measured Lill.TNDT]. 

For North Anna (see Appendix I), if one or more of the surveillance data fall outside+/- lcr scatter band of 
the Position 2.1 CF trend line then the data is considered non-credible. Table E.1-1 indicates that only four 
of the six surveillance data points fall inside the +/- 1 cr of l 7°F scatter band for surveillance base metals. 
Therefore, the forging data is deemed "non-credible" per the third criterion. 

Table E.1-1 indicates that two of the three surveillance data points fall outside the +/- 1 cr of 28°F scatter 
band for surveillance weld materials. Therefore, the surveillance weld data is deemed "non-credible" per 
the third criterion. 
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Criterion 4: The irradiation temperature of the Charpy specimens in the capsule should match the 
vessel wall temperature at the cladding/base metal interface within+/- 25°F. 

The capsule specimens are located in the reactor between the thermal shield and the vessel wall and are 
positioned opposite the center of the core. The test capsules are in guide tubes attached to the thermal 
shield. The location of the specimens with respect to the reactor vessel beltline provides assurance that the 
reactor vessel wall and the specimens experience equivalent operating conditions such that the temperatures 
will not differ by more than 25°F. Hence, this criterion is met. 

Criterion 5: The surveillance data for the correlation monitor material in the capsule should fall 
within the scatter band of the database for that material. 

The North Anna Unit 1 surveillance program does not contain correlation monitor material. Hence, this 
criterion is not applicable to the North Anna Unit 1 surveillance program. 

CONCLUSION: 

Based on the preceding responses to the five criteria of Regulatory Guide 1.99, Revision 2, Section B, the 
Lower Shell Forging 03 and weld Heat# 25531 surveillance data are deemed non-credible. 
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E.2 NORTH ANNA UNIT 2 CREDIBILITY EVALUATION 

Criterion 1: Materials in the capsules should be those judged most likely to be controlling with regard to 
radiation embrittlement. 

The North Anna Unit 2 reactor vessel consists of the following beltline region materials, which likely would 
have been considered at the time the surveillance program was designed and licensed: 

a) Upper Shell Forging 
b) Intermediate Shell Forging 
c) Lower Shell Forging 
d) Intermediate to Lower Shell Circumferential Weld 
e) Upper to Intermediate Shell Circumferential Weld 

At the time that the North Anna Unit 2 surveillance program was designed and licensed, the materials 
selected for use in the North Anna Unit 2 surveillance program (Intermediate Shell Forging 04 and the 
Intermediate to Lower Shell Circumferential Weld) were those judged to be most likely controlling with 
regard to radiation embrittlement according to the accepted methodology. These materials remain limiting 
with respect to ART. Thus, the North Anna Unit 2 surveillance program meets the intent of this criterion. 

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

The surveillance capsule analysis report, BAW-2376 (Reference E-5), which supports the Position 2.1 
chemistry factor calculations, was reviewed and it was determined that this criterion is met. 

Criterion 3: When there are two or more sets of surveillance data from one reactor, the scatter of 
~RTNDT values about a best-fit line drawn as described in Regulatory Position 2.1 
normally should be less than 28°F for welds and l 7°F for base metal. Even if the fluence 
range is large (two or more orders of magnitude), the scatter should not exceed twice 
those values. Even if the data fail this criterion for use in shift calculations, they may be 
credible for determining decrease in upper-shelf energy if the upper shelf can be clearly 
determined, following the definition given inASTM E185-82. 

The functional form of the least squares method as described in Regulatory Position 2.1 will be utilized to 
determine a best-fit line for this data and to determine if the scatter of these ~RTNDT values about this line 
is less than 28°F for welds and less than l 7°F for the forgings. 

Following is the calculation of the best-fit line as described in Regulatory Position 2.1 of Regulatory Guide 
1.99, Revision 2. In addition, the recommended NRC methods for determining credibility will be followed. 
The NRC methods were presented to the industry at a meeting held by the NRC on February 12 and 13, 
1998 (Reference E-4). At this meeting the NRC presented five cases. Of the five cases, Case 1 
("Surveillance data available from plant but no other source") most closely represents the situation for the 
North Anna Unit 2 surveillance forging and weld material. 
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Case 1: Intermediate Shell Forging 04 and Weld Heat# 716126 

Following the NRC Case 1 guidelines, the North Anna Unit 2 surveillance forging and weld metal (Heat# 
716126) will be evaluated using the North Anna Unit 2 data. Only North Anna Unit 2 data is being 
considered; therefore, no temperature adjustment is required. 

The scatter of LiRT NDT values about the functional form of a best-fit line drawn as described in Regulatory 
Position 2.1 is presented in Table E.2-1. 

Table E.2-1 
North Anna Unit 2 Surveillance Capsule Data Scatter about the Best-Fit Line 

Using All Available Surveillance Data 

CF<a> Capsule Measured Predicted Scatter 
<17°F 

Material Capsule (Slopebest-fit) Fluence FF ARTNDT(b) ARTNDT ARTNDT(c) (Base Metal) 

(OF) (x 1019 n/cm2
) (OF) (OF) (OF) <28°F 

(Weld) 

V 53.44 0.286 0.658 19 35.2 16.2 Yes 
Intermediate 

Shell Forging 04 u 53.44 0.985 0.996 33 53.2 20.2 No 
(Tangential) 

w 53.44 2.08 1.199 86 64.1 21.9 No 

V 53.44 0.286 0.658 21 35.2 14.2 Yes 
Intermediate 

Shell Forging 04 u 53.44 0.985 0.996 66 53.2 12.8 Yes 
(Axial) 

w 53.44 2.08 1.199 65 64.1 0.9 Yes 

V 26.61 0.286 0.658 18 17.5 0.5 Yes 
Surveillance 

Weld Material u 26.61 0.985 0.996 8 26.5 18.5 Yes 
(Heat# 716126) 

w 26.61 2.08 1.199 47 31.9 15.1 Yes 

Notes: 

(a) Since the Position 2.1 CFs in Table 3-6 did not consider chemistry or temperature adjustments the interim CFs are equal 
to the Position 2.1 CFs calculated in Table 3-6. 

(b) Lill.TNDT values are the measured 30 ft-lbs shift values taken from BAW-2376 (Reference E-5). 

(c) Scatter Lill.TNDT = Absolute Value [Predicted Lill.TNDT-Measured L~RTNDT]. 

For North Anna ( see Appendix I), if one or more of the surveillance data fall outside +/- 1 CT scatter band of 
the Position 2.1 CF trend line then the data is considered non-credible. Table E.2-1 indicates that only 
four of the six surveillance data points fall inside the +/- lCT of l 7°F scatter band for surveillance base 
metals. Therefore, the forging data is deemed "non-credible" per the third criterion. 

Table E.2-1 indicates that all three of the three surveillance data points for the surveillance weld materials 
fall inside the +/- 1 CT of 28°F scatter band. Therefore, the surveillance weld data is deemed "credible" per 
the third criterion. 
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Criterion 4: The irradiation temperature of the Charpy specimens in the capsule should match the 
vessel wall temperature at the cladding/base metal interface within+/- 25°F. 

The capsule specimens are located in the reactor between the thermal shield and the vessel wall and are 
positioned opposite the center of the core. The test capsules are in guide tubes attached to the thermal 
shield. The location of the specimens with respect to the reactor vessel beltline provides assurance that the 
reactor vessel wall and the specimens experience equivalent operating conditions such that the temperatures 
will not differ by more than 25°F. Hence, this criterion is met. 

Criterion 5: The surveillance data for the correlation monitor material in the capsule should fall 
within the scatter band of the database for that material. 

The North Anna Unit 2 surveillance program does not contain correlation monitor material. Hence, this 
criterion is not applicable to the North Anna Unit 2 surveillance program. 

CONCLUSION: 

Based on the preceding responses to the criteria of Regulatory Guide 1.99, Revision 2, Section B, the 
Intermediate Shell Forging 04 surveillance data are deemed non-credible; however, the weld Heat# 716126 
surveillance data are deemed credible. 

E.3 REFERENCES 

E-1. U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, Regulatory Guide 
1.99, Revision 2, "Radiation Embrittlement of Reactor Vessel Materials," May 1988. 
[ADAMS Accession Number ML003740284] 

E-2. Westinghouse Report WCAP-17539-NP, Revision 0, "Sequoyah Units 1 and 2 Time-Limited 
Aging Analysis on Reactor Vessel Integrity," March 2012. [ADAMS Accession Number 
ML13032A253] 

E-3. BA W-2356, "Analysis of Capsule W Virginia Power North Anna Unit No. 1 Nuclear Power Plant, 
Reactor Vessel Material Surveillance Program," September 1999. 

E-4. K. Wichman, M. Mitchell, and A. Hiser, US NRC, Generic Letter 92-01 and RPV Integrity 
Workshop Handouts, "NRC/Industry Workshop on RPV Integrity Issues," February 12, 1998. 
[ADAMS Accession Number MLI 10070570] 

E-5. BA W-2376, "Analysis of Capsule W Virginia Power North Anna Unit No. 2 Nuclear Power Plant, 
Reactor Vessel Material Surveillance Program," August 2000. 
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NORTH ANNA UNITS 1 AND 2 UPPER-SHELF ENERGY 
EVALUATION AT 72 EFPY 

F.1 INTRODUCTION 

The decrease in Charpy upper-shelf energy (USE) is associated with the determination of acceptable RPV 
toughness during the license renewal period when the vessel is exposed to additional irradiation. 

The requirements on USE are included in 10 CFR 50, Appendix G (Reference F-1). 10 CFR 50, 
Appendix G requires utilities to submit an analysis at least 3 years prior to the time that the USE of any 
RPV material is predicted to drop below 50 ft-lb, as measured by Charpy V-notch specimen testing. 

There are two methods that can be used to predict the decrease in USE with irradiation, depending on the 
availability of credible surveillance capsule data as defined in Regulatory Guide 1.99, Revision 2 
(Reference F-2). For vessel beltline materials that are not in the surveillance program or have non-credible 
data, the Charpy USE (Position 1.2) is assumed to decrease as a function of fluence and copper content, as 
indicated in Regulatory Guide 1.99, Revision 2. When two or more credible surveillance sets become 
available from the reactor, they may be used to determine the Charpy USE of the surveillance material. The 
surveillance data are then used in conjunction with the Regulatory Guide to predict the change in USE 
(Position 2.2) of the RPV material due to irradiation. Per Regulatory Guide 1.99, Revision 2, when credible 
data exist, the Position 2.2 projected USE value should be used in preference to the Position 1.2 projected 
USE value. Note, if data from the surveillance materials is determined to be non-credible for determination 
of ~RTNDT by Credibility Criterion 3 of Regulatory Guide 1.99, Revision 2, then "they may be credible for 
determining decrease in upper-shelf energy if the upper shelf can be clearly determined, following the 
definition given inASTM E 185-82." 

The 72 EFPY Position 1.2 USE values of the vessel materials can be predicted using the corresponding 
1/4T fluence projections, the copper content of the materials, and Figure 2 in Regulatory Guide 1.99, 
Revision 2 (see Figures F-1 and F-3 of this report). 

The predicted Position 2.2 USE values are determined for the reactor vessel materials that are contained in 
the surveillance program by using the reduced plant surveillance data along with the corresponding 1/4T 
fluence projection. The reduced plant surveillance data was obtained from Table 7-6 of BAW-2356 
(Reference F-3) for North Anna Unit 1. The reduced plant surveillance data was obtained from Table 7-6 
of BAW-2376 (Reference F-4) for North Anna Unit 2. The surveillance data was plotted in Regulatory 
Guide 1.99, Revision 2, Figure 2 (see Figures F-2 and F-4 of this report) using the surveillance capsule 
fluence values documented in Table 2-1 of this report forNorthAnna Unit 1 and Table 2-2 ofthis report for 
North Anna Unit 2. This data was fitted by drawing a line parallel to the existing lines as the upper bound 
of all the surveillance data. These reduced lines were used instead of the existing lines to determine the 
Position 2.2 SLR USE values. 

The projected USE values were calculated to determine if the North Anna Units 1 and 2 beltline and 
extended beltline materials remain above the 50 ft-lb criterion at 72 EFPY (SLR). These calculations are 
summarized in Tables F-1 and F-2. Fluence values corresponding to the lowest extent of the nozzle welds 
at the surface were used to conservatively calculate the projected USE values for the nozzle forgings. 
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F.2 CONCLUSION 

For North Anna Unit 1, the limiting USE value at 72 EFPY is 50.0 ft-lb (see Table F-1); this value 
corresponds to Inlet Nozzle Forging 11 using Position 1.2. The Unit 1 Inlet Nozzle 11 USE value set equal 
to 50 ft-lbs results in a projected drop of 10.7%. A review of Regulatory Guide 1.99, Revision 2, Figure 2 
resulted in a conservative estimate of approximately 11 %, but the figure has limited precision. A decrease 
of 10. 7% is considered appropriate based on the following conservativism in the calculations. The 
estimated% decrease is based on a fluence of 2 x 1017 n/cm2 (E > 1.0 MeV), which is the lowest fluence 
line displayed in Regulatory Guide 1.99, Revision 2, Figure 2. The actual fluence is projected to be roughly 
half this, i.e. 1.20 x 10 17 n/cm2 (E > 1.0 MeV), at the lowest extent of the nozzle weld and would be even 
lower at higher axial elevations. In addition, the fluence would be further decreased if attenuation to the 
l/4T location were considered. These additional decreases influence would raise the projected USE of 
Unit 1 Inlet Nozzle 11 above 50 ft-lbs. As shown in Table F-1, all North Anna Unit 1 reactor vessel 
materials are projected to remain at or above the USE screening criterion value of 50 ft-lbs at 72 EFPY. 

For North Anna Unit 2, the limiting USE value at 72 EFPY is 48.2 ft-lb (see Table F-2); this value 
corresponds to the Intermediate Shell Forging 04 using Position 2.2. Position 2.2 was used to determine 
the Unit 2 Intermediate Shell Forging 04 USE value even though its surveillance data was deemed non­
credible per Appendix E. Per Regulatory Guide 1.99, Revision 2, this is appropriate since the upper shelf 
can be clearly determined from the surveillance test results. As shown in Table F-2, all other North Anna 
Unit 2 reactor vessel materials are projected to remain above the USE screening criterion value of 50 ft-lbs 
at 72 EFPY. 

The North Anna Unit 2 Intermediate Shell Forging 04 reactor vessel material, which is projected to drop 
below 50 ft-lbs USE at SLR, is addressed in the equivalent margins analysis (EMA) performed under 
PWROG PA-MSC-1481. to qualify the material at 72 EFPY. The material-specific EMA in PA-MSC-1481 
is underway, and must be submitted at least 3 years prior to the USE dropping below 50 ft-lbs. The Unit 2 
Intermediate Shell Forging 04 is projected to drop below 50 ft-lbs at 52.3 EFPY (EOLE), which is projected 
to occur in 2040. 

In addition to the material discussed above, PA-MSC-1481 includes EMAs for all of the following materials 
at each Unit for conservativism. 

• Upper Shell Forging 
• Intermediate Shell Forging 
• Inlet Nozzle Forgings 
• Outlet Nozzle Forgings 
• Inlet Nozzle Welds 
• Outlet Nozzle Welds 
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Westinghouse Non-Proprietary Class 3 

Table F-1 Predicted USE Values at 72 EFPY (SLR) for North Anna Unit 1 
1/4T SLR 

Unirradiated 
Wt.% Fluence<h) 

Reactor Vessel Material Heat# Cu(a) (x 1019 n/cm2, 
USE<a> 

E> 1.0MeV) 
(ft-lbs) 

Position 1.2 

Upper Shell Forging 05 
990286 I 

0.16 0.192 72 
295213 

Upper to Intermediate Shell 
Circumferential Weld 25295 0.352 0.221 112 

(OD 94%) 
Upper to Intermediate Shell 

Circumferential Weld 4278 0.12 0.221 105 
(ID 6%)<t) 

Intermediate Shell 990311 I 
0.12 4.46 91 

Forging 04 298244 

Intermediate to Lower Shell 
25531 0.098 4.44 95 

Circumferential Weld 

Lower Shell Forging 03 
990400 I 

0.156 4.54 85 
292332 

Inlet Nozzle Forging 09 to 
0.00898 72 

Upper Shell Weld 

Inlet Nozzle Forging 10 to 
0.0313 72 

Upper Shell Weld 

Inlet Nozzle Forging 11 to 
0.0120 72 

Upper Shell Weld 
Rotterdam 0.35 

Outlet Nozzle Forging 12 to 
0.0182 72 

Upper Shell Weld 

Outlet Nozzle Forging 13 to 
0.00522 72 

Upper Shell Weld 

Outlet Nozzle Forging 14 to 
0.00697 72 

Upper Shell Weld 

Inlet Nozzle Forging 09 990290-11 0.13 0.00898 71 

Inlet Nozzle Forging 10 990290-12 0.13 0.0313 58 

Inlet Nozzle Forging 11 990268-21 0.18 0.0120 56 

Outlet Nozzle Forging 12 990290-31 0.13 0.0182 66 

Outlet Nozzle Forging 13 990290-22 0.13 0.00522 59 

Outlet Nozzle Forging 14 990290-21 0.13 0.00697 59 

Position 2.2(d) 

Intermediate to Lower Shell 
25531 0.098 4.44 95 

Circumferential Weld 

Lower Shell Forging 03 
990400 I 

0.156 4.54 85 
292332 

Notes on the following page. 
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Projected 
USE 

Decrease<c) 
(%) 

17.0 

34.0 

18.5 

30.0 

34.5 

36.0 

o.o<e) 

26.0 

24.0 

24.0 

o.o<e) 

o.o<e) 

o.o<e) 

10.0 

10_7(g) 

9.0 

o.o<e) 

o.o<e) 

27.0 

36.0 

F-3 

Projected SLR 
USE 

(ft-lbs) 

59.8 

73.9 

85.6 

63.7 

62.2 

54.4 

72.0 

53.3 

54.7 

54.7 

72.0 

72.0 

71.0 

52.2 

50.0(g) 

60.1 

59.0 

59.0 

69,4(h) 

54.4(h) 
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Westinghouse Non-Proprietary Class 3 F-4 

Notes: 

(a) Copper weight percent values and unirradiated USE values were taken from Table 3-1 of this report. 

(b) Values taken from Table 5-2. The surface fluence at the lowest extent of the nozzle to upper shell weld centerline was used 
to represent the inlet and outlet nozzle forgings and associated welds. Fluence values above 1 x 1017 n/cm2 but below 2 x 1017 

n/ cm2 (E > 1. 0 Me V) were rounded to 2 x 1017 n/ cm2 (E > 1. 0 Me V) when determining the % decrease because 2 x 1017 n/ cm2 

is the lowest fluence displayed in Figure 2 of the Guide. 

(c) The Position 1.2 USE decrease values were calculated by plotting the 1/4T fluence values onto Figure 2 of Regulatory Guide 
1.99, Revision 2 and using the material-specific Cu wt.% values. Base metal and weld Cu wt.% lines were extended into the 
low fluence area of Regulatory Guide 1.99, Revision 2, Figure 2, i.e., below 1018 n/cm2, in order to determine the USE % 
decrease as needed. 

(d) Calculated using surveillance capsule measured percent decrease in USE from BA W-2356 (Reference F-3) and Regulatory 
Guide 1.99, Revision 2, Position 2.2; see Figure F-2. -

(e) Embrittlement effects only need to be considered if the fluence is greater than 1017 n/cm2 (E > 1.0 MeV). 

(f) Since this inner diameter (ID) weld is only 6% of the vessel thickness, the weld is not present at the 1/4T location; hence, it is 
not applicable to this calculation. It is presented for information only. 

(g) The Unit 1 Inlet Nozzle 11 USE value is set equal to 50 ft-lbs which results in a projected drop of 10.7%. A review of 
Regulatory Guide 1.99, Revision 2, Figure 2 resulted in a conservative estimate of approximately 11 %, but the figure has 
limited precision. A decrease of 10.7% is considered appropriate based on the following conservativism in the calculations. 
The estimated% decrease is based on a fluence of2 x 1017 n/cm2 (E > 1.0 MeV), which is the lowest fluence line displayed 
in Regulatory Guide 1.99, Revision 2, Figure 2. The actual fluence is projected to be roughly half this; i.e. 1.20 x 1017 n/cm2 

(E > 1.0 MeV), at the lowest extent of the nozzle weld and would be even lower at higher axial elevations. In addition, the 
fluence would be further decreased if attenuation to the 1/4T location were considered. These additional decreases influence 
would raise the projected USE of Unit 1 Inlet Nozzle 11 above 50 ft-lbs. 

(h) Position 2.2 was used to determine the Unit 1 Lower Shell Forging 03 and the Intermediate to Lower Shell Weld USE value 
even though the surveillance data were deemed non-credible per Appendix E. Per Regulatory Guide 1.99, Revision 2, this is 
appropriate since the upper shelf can be clearly determined from the surveillance test results. 
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Westinghouse Non-Proprietary Class 3 

Table F-2 Predicted USE Values at 72 EFPY (SLR) for North Anna Unit 2 

1/4T SLR 
Unirradiated 

Projected 
Wt.% Fluence<h) USE 

Reactor Vessel Material Heat# Cu(a) (x 1019 n/cm2, 
USE<a> 

Decrease<c) 
E>l.OMeV) 

(ft-lbs) (%) 
Position 1.2 

Upper Shell Forging 05 
990598 I 

0.08 0.194 72 13.0 
291396 

Upper to Intermediate Shell 
Circumferential Weld 4278 0.12 0.224 105 18.5 

(OD 94%) 
Upper to Intermediate Shell 

Circumferential Weld 801 0.18 0.224 75 23.0 
(ID 6%)<f) 

Intermediate Shell 990496 I 
0.107 4.54 72 28.0 

Forging 04 292424 

Intermediate to Lower Shell 
716126 0.066 4.53 109 29.0 

Circumferential Weld 

Lower Shell Forging 03 
990533 I 

0.13 4.63 80 32.0 
297355 

Inlet Nozzle Forging 09 to 
0.00826 75 o.o<e) 

Upper Shell Weld 

Inlet Nozzle Forging 10 to 
0.0314 75 17.0 

Upper Shell Weld 

Inlet Nozzle Forging 11 to 
8816 0.0118 75 15.0 

Upper Shell Weld 
20459 0.23 

Outlet Nozzle Forging 12 to 27622 0.0182 75 15.0 
Upper Shell Weld 

Outlet Nozzle Forging 13 to 
0.00479 75 o.o<e) 

Upper Shell Weld 

Outlet Nozzle Forging 14 to 
0.00687 75 o.o<e) 

Upper Shell Weld 

Inlet Nozzle Forging 09 990426 0.19 0.00826 56 o.o<e) 

Inlet Nozzle Forging 10 54567-2 0.14 0.0314 77 10.5 

Inlet Nozzle Forging 11 54590-2 0.155 0.0118 75 10.0 

Outlet Nozzle Forging 12 990426-22 0.19 0.0182 60 11.5 

Outlet Nozzle Forging 13 990426-31 0.19 0.00479 56 o.o<e) 

Outlet Nozzle Forging 14 791291 0.12 0.00687 74 o.o<e) 

Position 2.z<ct) 
Intermediate Shell 990496 I 

0.107 4.54 72 33.0 
Forging 04 292424 

Intermediate to Lower Shell 
716126 0.066 4.53 109 28.0 

Circumferential Weld 

Notes on the following page. 
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F-5 

Projected 
SLR USE 

(ft-lbs) 

62.6 

85.6 

57.8 

51.8 

77.4 

54.4 

75.0 

62.3 

63.8 

63.8 

75.0 

75.0 

56.0 

68.9 

67.5 

53.1 

56.0 

74.0 

4s.z<g> 

78.5 
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Westinghouse Non-Proprietary Class 3 F-6 

Notes: 

(a) Copper weight percent values and unirradiated USE values were taken from Table 3-2 of this report. 

(b) Values taken from Table 5-3. The surface fluence at the lowest extent of the nozzle to upper shell weld centerline was used 
to represent the inlet and outlet nozzle forgings and associated welds. Fluence values above 1 x 1017 n/ cm2 but below 2 x 1017 

n/cm2 (E > 1.0 MeV) were rounded to 2 x 1017 n/cm2 (E > 1.0 MeV) when determining the% decrease because 2 x 1017 n/cm2 

is the lowest fluence displayed in Figure 2 of the Guide. 

(c) The Position 1.2 USE decrease values were calculated by plotting the 1/4T fluence values onto Figure 2 of Regulatory Guide 
1.99, Revision 2 and using the material-specific Cu wt.% values. Base metal and weld Cu wt.% lines were extended into the 
low fluence area of Regulatory Guide 1.99, Revision 2, Figure 2, i.e., below 1018 n/cm2, in order to determine the USE% 
decrease as needed. 

(d) Calculated using surveillance capsule measured percent decrease in USE from BAW-2376 (Reference F-4) and Regulatory 
Guide 1.99, Revision 2, Position 2.2; see Figure F-4. 

(e) Embrittlement effects only need to be considered if the fluence is greater than 1017 n/cm2 (E > 1.0 MeV). 

(f) Since this inner diameter (ID) weld is only 6% of the vessel thickness, the weld is not present at the 1/4T location; hence, it is 
not applicable to this calculation. It is presented for information only. 

(g) Position 2.2 was used to determine the Unit 2 Intermediate Shell Forging 04 USE value even though its surveillance data was 
deemed non-credible per Appendix E. Per Regulatory Guide 1.99, Revision 2, this is appropriate since the upper shelf can be 
clearly determined from the surveillance test results. 
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Westinghouse Non-Proprietary Class 3 F-11 
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Westinghouse Non-Proprietary Class 3 G-1 

APPENDIXG MATERIAL PROPERTY INPUT COMPARISON 

This appendix provides tables which compare the material property input values utilized in this report, taken 
from PWROG-18005-NP (Reference G-1), with those utilized in Dominion calculation SM-1008, 
Addendum 00M (Reference G-2) and the North Anna Power Station Updated Final Safety Analysis Report 
(UFSAR) (Reference G-3), as applicable. 

As shown in Tables G-1 and G-2, several materials in North Anna Units 1 and 2 had initial RTNDT values 
that increased as a result of using the material properties defined in PWROG-18005-NP (Reference G-1). 
However, these increases do not result in changes to the North Anna Power Station EOLE P-T limit curves 
or in violations of the 10 CFR 50.61 Pressu:i;ized Thermal Shock (PTS) limits. The materials with initial 
RT NDT values that increased are not the limiting materials in the previous evaluations of the P-T limits from 
WCAP-15112 and PTS analyses of record (AOR), nor are the initial RTNDT increases significant enough to 
make the associated materials limiting. Therefore, these increases do not adversely affect the P-T limit 
curves or PTS analyses of record (AOR) for EOLE. 

As shown in Tables G-5 and G-6, several materials in North Anna Units 1 and 2 have initial USE values 
that decreased as a result of using the material properties defined in PWROG-18005-NP (Reference G-1 ). 
However, these decreases are not significant enough to cause the USE results in the AOR, SM-1008 
(Reference G-2), to violate the USE screening criterion of 10 CFR 50, Appendix G (Reference G-6) for 
EOLE. 
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Westinghouse Non-Proprietary Class 3 G-2 

Table G-1 Comparison of Previous and Current Initial RTNDT Values for North Anna Unit 1 

Previous Current 

Material Identification 
Initial Initial 

RTNDia) RTNDT(b) 
(OF) (OF) 

Replacement Reactor Vessel Closure Head Flange 
-76 -76 

(Heat# E4483/E4484) 
Reactor Vessel Flange 06 

-22 -22 
(Heat# 522582) 

Inlet Nozzle 09 (Heat # 990290-11) -26 -14 

Inlet Nozzle 10 (Heat # 990290-12) -22 -10 

Inlet Nozzle 11 (Heat# 990268-21) 3 8 

Outlet Nozzle 12 (Heat # 990290-31) -3 -6 

Outlet Nozzle 13 (Heat# 990290-22) -22 -7 

Outlet Nozzle 14 (Heat# 990290-21) -4 8 

Inlet Nozzle to Upper Shell Welds - - - 30 

Outlet Nozzle to Upper Shell Welds - - - 30 
Upper Shell Forging 05 

6 1 
(Heat# 990286 I 295213) 

Upper to Intermediate Shell Circumferential Weld (OD 94%) 
0 -40 

(Heat # 25295) 
Upper to Intermediate Shell Circumferential Weld (ID 6%) 

0 -4 
(Heat # 4278) 

Intermediate Shell Forging 04 
17 -6 

(Heat# 990311 / 298244) 
Intermediate to Lower Shell Circumferential Weld 

19 -2 
(Heat# 25531) 

Lower Shell Forging 03 
38 33 

(Heat# 990400 I 292332) 

Notes: 

(a) The original initial RTNDT values were taken from the North Anna Power Station UFSAR, Table 5.2-26 (Reference G-3), as 
available. These values are consistent with those documented in Dominion Calculation SM-1008 (Reference G-2); however, 
some initial RTNDT values are only listed in the UFSAR or only listed in SM-1008. The UFSAR values are identified as 
historic. 

(b) Current initial RTNDT values correspond to the values utilized herein. In some cases, these values have been updated or defined 
based on evaluation in PWROG-18005-NP (Reference G-1). 
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Westinghouse Non-Proprietary Class 3 G-3 

Table G-2 Comparison of Previous and Current Initial RTNDT Values for North Anna Unit 2 

Previous Current Initial 
Material Identification Initial RT NDT(a) RTNDT(b) 

(OF) (OF) 

Replacement Reactor Vessel Closure Head Flange 
-49 -49 

(Heat 1 H1681/H1682) 

Reactor Vessel Flange 06 
-22 -22 

(Heat# 523000) 

Inlet Nozzle Forging 9 (Heat # 990426) 20 11 

Inlet Nozzle Forging 10 (Heat# 54567-2) 13 5 

Inlet Nozzle Forging 11 (Heat# 54590-2) -21 -31 

Outlet Nozzle Forging 12 (Heat# 990426-22) 1 8 

Outlet Nozzle Forging 13 (Heat # 990426-31) 3 1 

Outlet Nozzle Forging 14 (Heat# 791291) -19 -22 

Inlet Nozzle to Upper Shell Welds (Multiple Heats) - - - 30 

Outlet Nozzle to Upper Shell Welds (Multiple Heats) - - - 30 

Upper Shell Forging 05 
9 8 (Heat# 990598 I 291396) 

Upper to Intermediate Shell Circumferential Weld (OD 94%) 
0 -4 

(Heat # 4278) 

Upper to Intermediate Shell Circumferential Weld (ID 6%) 
0 10 

(Heat# 801) 

Intermediate Shell Forging 04 
75 69 (Heat# 990496 I 292424) 

Intermediate to Lower Shell Circumferential Weld 
-48 -67 

(Heat# 716126) 

Lower Shell forging 03 
56 37 

(Heat# 990533 I 297355) 

Notes: 

(a) The original initial RTNDT values were taken from the North Anna Power Station UFSAR, Table 5.2-27 (Reference G-3), as 
available. These values are consistent with those documented in Dominion Calculation SM-1008 (Reference G-2); however, 
some initial RTNDT values are only listed in the UFSAR or only listed in SM-1008. The UFSAR values are identified as 
historic. 

(b) Current initial RTNDT values correspond to the values utilized herein. In some cases, these values have been updated or defined 
based on evaluation in PWROG-18005-NP (Reference G-1). 
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Westinghouse Non-Proprietary Class 3 G-4 

Table G-3 Comparison of Previous and Current 0-1 Values for North Anna Unit 1 

Material Identification 
Previous u/a) Current u/h) 

(OF) (OF) 

Replacement Reactor Vessel Closure Head Flange - - - 0 (Heat# E4483/E4484) 

Reactor Vessel Flange 06 
- - - 0 (Heat# 522582) 

Inlet Nozzle 09 (Heat # 990290-11) - - - 0 

Inlet Nozzle 10 (Heat# 990290-12) - - - 0 

Inlet Nozzle 11 (Heat# 990268-21) - - - 0 

Outlet Nozzle 12 (Heat# 990290-31) - - - 0 

Outlet Nozzle 13 (Heat# 990290-22) - - - 0 

Outlet Nozzle 14 (Heat# 990290-21) - - - 0 

Inlet Nozzle to Upper Shell Welds - - - 0 

Outlet Nozzle to Upper Shell Welds - - - 0 

Upper Shell Forging 05 
30 0 

(Heat# 990286 I 295213) 

Upper to Intermediate Shell Circumferential Weld (OD 94%) 
20 0 (Heat # 25295) 

Upper to Intermediate Shell Circumferential Weld (ID 6%) 
20 0 

(Heat# 4278) 

Intermediate Shell Forging 04 
0 0 (Heat# 990311 / 298244) 

Intermediate to Lower Shell Circumferential Weld 
0 0 (Heat# 25531) 

Lower Shell Forging 03 
0 0 (Heat# 990400 I 292332) 

Notes: 

(a) The previous m values were taken from Dominion Calculation SM-1008 (Reference G-2), as applicable. 

(b) Current m values correspond to the values utilized herein. In some cases, these values have been updated or defined based on 
evaluation in PWROG-18005-NP (Reference G-1). 
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Westinghouse Non-Proprietary Class 3 G-5 

Table G-4 Comparison of Previous and Current (j1 Values for North Anna Unit 2 

Material Identification 
Previous (j/a) Current (j1(b) 

(OF) (OF) 

Replacement Reactor Vessel Closure Head Flange - - - 0 
(Heat# Hl681/H1682) 

Reactor Vessel Flange 06 
- - - 0 

(Heat# 523000) 

Inlet Nozzle Forging 9 (Heat # 990426) - - - 0 

Inlet Nozzle Forging 10 (Heat# 54567-2) - - - 0 

Inlet Nozzle Forging 11 (Heat# 54590-2) - - - 0 

Outlet Nozzle Forging 12 (Heat# 990426-22) - - - 0 

Outlet Nozzle Forging 13 (Heat# 990426-31) - - - 0 

Outlet Nozzle Forging 14 (Heat# 791291) - - - 0 

Inlet Nozzle to Upper Shell Welds (Multiple Heats) - - - 0 

Outlet Nozzle to Upper Shell Welds (Multiple Heats) - - - 0 

Upper Shell Forging 05 
30 0 

(Heat# 990598 / 291396) 

Upper to Intermediate Shell Circumferential Weld (OD 94%) 
20 0 

(Heat # 4278) 

Upper to Intermediate Shell Circumferential Weld (ID 6%) 
20 0 

(Heat# 801) 

Intermediate Shell Forging 04 
0 0 

(Heat# 990496 / 292424) 

Intermediate to Lower Shell Circumferential Weld 
0 0 

(Heat# 716126) 

Lower Shell Forging 03 
0 0 

(Heat# 990533 / 297355) 

Notes: 

(a) The previous m: values were taken from Dominion Calculation SM-1008 (Reference G-2), as applicable. 

(b) Current m: values correspond to the values utilized herein. In some cases, these values have been updated or defined based on 
evaluation in PWROG-18005-NP (Reference G-1). 
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Westinghouse Non-Proprietary Class 3 

Table G-5 Comparison of Previous and Current Unirradiated USE Values 
for North Anna Unit 1 

Previous 

Material Identification 
Unirradiated 

USE(a) 
(ft-lbs) 

Replacement Reactor Vessel 
- - -

Closure Head Flange (Heat# E4483/E4484) 

Reactor Vessel Flange 06 (Heat# 522582) 
105 

(161) 

Inlet Nozzle 09 (Heat# 990290-11) 
69 

(106) 

Inlet Nozzle 10 (Heat# 990290-12) 
57 

(88) 

Inlet Nozzle 11 (Heat# 990268-21) 
52 

(80) 

Outlet Nozzle 12 (Heat# 990290-31) 
65 

(100) 

Outlet Nozzle 13 (Heat# 990290-22) 
59 

(90) 

Outlet Nozzle 14 (Heat# 990290-21) 
59 

(90) 

Inlet Nozzle to Upper Shell Welds - - -

Outlet Nozzle to Upper Shell Welds - - -

Upper Shell Forging O 5 39(c) 

(Heat# 990286 / 295213) (60) 

Upper to Intermediate Shell Circumferential Weld (OD 94%) 
111 

(Heat # 25295) 

Upper to Intermediate Shell Circumferential Weld (ID 6%) 
105 

(Heat # 4278) 

Intermediate Shell Forging 04 
92 

(Heat # 990311 / 298244) 

Intermediate to Lower Shell Circumferential Weld 
102 

(Heat# 25531) 

Lower Shell Forging 03 
85 

(Heat# 990400 / 292332) 

Notes contained on the following page. 
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G-6 

Current 
Unirradiated 

USE(b) 
(ft-lbs) 

187 

2: 108 

2: 71 

2: 58 

56 

2: 66 

2: 59 

2: 59 

72 

72 

72 

112 

105 

91 

95 

85 
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Westinghouse Non-Proprietary Class 3 G-7 

Notes: 

(a) The original unirradiated USE values were taken from the North Anna Power Station UFSAR, Table 5.2-26 
(Reference G-3). These values are consistent with those documented in Dominion Calculation SM-1008 (Reference G-2), 
unless otherwise noted. Some unirradiated USE values are only listed in the UFSAR and reported in the strong direction, i.e., 
parallel to the major working direction. In this case, the strong direction USE is shown in parenthesis and the weak direction 
USE is determined by multiplying the strong direction USE by 65% per BTP 5-3, Position 1.2 (Reference G-4). The UFSAR 
values are identified as historic. 

(b) Current Unirradiated USE values correspond to the values utilized herein. In some cases, these values have been updated or 
defined based on evaluation in PWROG-18005-NP (Reference G-1). A greater than or equal to symbol, "?.", identifies a 
material with no available upper shelf data; thus, the initial USE values for these materials were conservatively estimated 
based on the highest recorded absorbed energy points. · 

(c) SM-1008 reports a USE value in the transverse direction of74 ft-lbs. Per BAW-2224 (Reference G-5), this value is equal to 
the limiting USE of the North Anna Units 1 and 2 beltline forgings. 
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Table G-6 Comparison of Previous and Current Unirradiated USE Values 
for North Anna Unit 2 

Previous 

Material Identification 
U nirradia ted 

USECa) 
(ft-lbs) 

Replacement Reactor Vessel - - -Closure Head Flange (Heat# H1681/H1682) 

Reactor Vessel Flange 06 (Heat# 523000) 
95 

(146) 

Inlet Nozzle Forging 9 (Heat# 990426) 
47 

(72) 

Inlet Nozzle Forging 10 (Heat# 54567-2) 
77 

(118) 

Inlet Nozzle Forging 11 (Heat# 54590-2) 
60 

(92) 

Outlet Nozzle Forging 12 (Heat# 990426-22) 
52 

(80) 

Outlet Nozzle Forging 13 (Heat# 990426-31) 
40 

(62) 

Outlet Nozzle Forging 14 (Heat# 791291) 
75 

(115) 

Inlet Nozzle to Upper Shell Welds 
- - -

(Multiple Heats) 

Outlet Nozzle to Upper Shell Welds - - -
(Multiple Heats) 

Upper Shell Forging 05 56(c) 

(Heat# 990598 / 291396) (86) 

Upper to Intermediate Shell Circumferential Weld (OD 94%) 
105 

(Heat # 4278) 

Upper to Intermediate Shell Circumferential Weld (ID 6%) 
90 

(Heat# 801) 

Intermediate Shell Forging 04 
74 

(Heat# 990496 / 292424) 

Intermediate to Lower Shell Circumferential Weld 
107 

(Heat# 716126) 

Lower Shell Forging 03 
80 

(Heat# 990533 / 297355) 

Notes contained on the following page. 
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Current 
U nirradiated 

USE(b) 
(ft-lbs) 

192 

~95 

56 

~77 

~ 75 

~60 

56 

~74 

75 

75 

72 

105 

75 

72 

109 

80 

March2020 
Revision 1 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 G-9 

Notes: 

(a) The original unirradiated USE values were taken from the North Anna Power Station UFSAR, Table 5.2-27 
(Reference G-3). These values are consistent with those documented in Dominion Calculation SM-1008 (Reference G-2), 
unless otherwise noted. Some unirradiated USE values are only listed in the UFSAR and reported in the strong direction, i.e., 
parallel to the major working direction. In this case, the strong direction USE is shown in parenthesis and the weak direction 
USE is determined by multiplying the strong direction USE by 65% per BTP 5-3, Position 1.2 (Reference G-4). The UFSAR 
values are identified as historic. 

(b) Current Unirradiated USE values correspond to the values utilized herein. In some cases, these values have been updated or 
defined based on evaluation in PWROG-18005-NP (Reference G-1). A greater than or equal to symbol,"::::", identifies a 
material with no available upper shelf data; thus, the initial USE values for these materials were conservatively estimated 
based on the highest recorded absorbed energy points. 

(c) SM-1008 reports a USE value in the transverse direction of74 ft-lbs. Per BAW-2224 (Reference G-5), this value is equal to 
the limiting USE of the North Anna Units 1 and 2 beltline forgings. 
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APPENDIXH 

Westinghouse Non-Proprietary Class 3 H-1 

USE OF MASTER CURVE DATA FOR NORTH ANNA 
UNIT 1 LOWER SHELL FORGING 

In order to support future asset management considerations, Master Curve testing was performed to 
determine the fracture toughness transition temperature (To) of the North Anna Unit 1 Lower Shell Forging 
03. The Master Curve method provides a more realistic and appropriate reference temperature than the 
American Society of Mechanical Engineers (ASME) Code Section III NB-2331 method, which is used to 
determine initial RT NDT• The Master Curve method is based on fracture toughness measurements per ASTM 
E 1921, as opposed to the Charpy impact and drop-weight measurements associated with ASME Section III 
NB-23 31. WCAP-18463-NP (Reference H-1) contains the methodology for performing embrittlement 
calculation with Master Curve data. Note that the Master Curve data provided in this Appendix does not 
represent the current design or licensing basis values, nor is it proposed to use it for SLR, but is only to 
support future asset management considerations. 

H.1 METHODOLOGY 

WCAP-18463-NP (Reference H-1) describes the methodologies for the use of To results to determine a 
reference temperature based on Master Curve testing data (RTTO) and the use of RT To in reactor vessel 
integrity analyses, for North Anna Unit 1 Lower Shell Forging 03 (e.g., ART calculations). The 
methodology is similar to Regulatory Guide 1.99, Revision 2 with minor modifications as shown below to 
account for differences between RTTO and RTNDT• The methodology also accounts for the initial RTTO of 
North Anna Unit 1 Lower Shell Forging 03 being based on data from specimens irradiated in Capsule V 
from the North Anna Unit 1 Reactor Vessel Surveillance Program. 

Per Regulatory Guide 1.99, Revision 2, the ART is calculated as shown below: 

ART= RTNDT + l1RTNnT + Margin 

However, there is a potential 10% bias when comparing l1R T NDT and l1 To values for plate and forging 
materials. Therefore, a 10% bias should be applied to Regulatory Guide 1.99, Revision 2 methodology 
calculations of l1RTNDT for North Anna Unit 1 Lower Shell Forging 03 when the initial RTTO is used. This 
bias is included as a part of an Adjustment term. 

It is important to note that the To results for North Anna Unit 1 Lower Shell Forging 03 are based on 
_materials from North Anna Unit 1 Surveillance Capsule V, which were irradiated for 1 cycle of operation. 
The Charpy V-notch tests, performed at the time of removal, exhibited a measured 30 ft-lb shift of29°F in 
the axial ("weak") direction. The irradiation induced shift can be credited in the determination of ART 
values. Thus, it is appropriate to remove 29°F of calculated margin when analyzing the North Anna Unit 
1 Lower Shell Forging 03. This 29°F is considered as a reduction in an Adjustment term. 

Therefore, the method to be used in ART calculations which use an initial RT TO for North Anna Unit 1 
Lower Shell Forging 03 is as follows per WCAP-18463-NP: 

WCAP-18363-NP 

ART = RT TO + l1RT NDT + Margin + Adjustment 

Margin = z.J cr12 + a 11
2 

Adjustment= 0.1 *l1RTNnT - l1TME 
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Where: 

Westinghouse Non-Proprietary Class 3 

RT To= 10.1 °F per WCAP-18463-NP 

CTI= O°F per WCAP-18463-NP(_l) 

a~= a~ determined per Regulatory Guide 1.99, Revision 2 

L1RTNDT = L1RTNDT determined per Regulatory Guide 1.99, Revision 2 

L1 T ME = Measured Material Embrittlement = 29°F 

H-2 

The ART values calculated in this manner are appropriate for input to an ASME Section XI, Appendix G 
analysis. 

H.2 CALCULATION 

This section utilizes the RT TO in ART calculations, similar to those calculations performed in Section 5 of 
the body of this report, in order to demonstrate the margin gained for the improved material condition. 
Table H-1 presents the unirradiated RT TO (RT TO(u)) value, which is taken from WCAP-18463-NP (Reference 
H-1) and was determined with Master Curve testing results and ASTM El921-19. A cr1 value of O°F is 
associated with this RTNDT(U) (RTTo(u)) value. This value is then used in Table H-2 to calculate the ART 
values at the 1/4 T and 3/4 T locations at 72 EFPY. The results show significant reductions in the ART values 
at the 1/4T and 3/4T locations at 72 EFPY. 

Table H-1 North Anna Unit 1 Unirradiated RTNoT Values with and without Master Curve Data 

Material Wt.% Wt.% RTNDT(U) 

Description 
Heat Number 

Cu Ni or RTTo(U) Method 
(OF) 

Lower Shell 33 ASME Code Section III, NB-2331 

Forging 03 
990400 I 292332 0.156 0.817 

10.1 Master Curve Method 

(I) WCAP-18463-NP recommends a CTI= 14.2°F, but notes CTI= 0°F is appropriate since RT To is based on material­
specific North Anna Unit 1 Lower Shell Forging 03 measured data. 
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Westinghouse Non-Proprietary Class 3 

Table H-2 Calculation of ART Values Using Master Curve Data for North Anna Unit 1 Lower Shell Forging 03 

Calculation of the North Anna Unit 1 Lower Shell Forging 03 ART Values at the l/4T Location at 72 EFPY 

l/4T RTNDT(U) 
R.G. 1.99, Fluence(b) or Predicted 

Heat Rev.2 (x 1019 n/cm2, l/4T RTTo(ut) LlRTNDT O'I 0',1. (d) 

Material Number Position CF(a) E>l.0MeV) FF(b) Method (OF) (OF) (OF) (OF) 

Lower Shell 990400 I NB-2331 33 165.9 0.0 17.0 

Forging 03 292332 
1.1 119.97 4.54 1.383 

Master Curve 10.1 165.9 0.0 17.0 

Using non-credible NB-2331 33 113.0 0.0 17.0 

surveillance data(hJ 2.1 81.68 4.54 1.383 
Master Curve 10.1 113.0 0.0 17.0 

Calculation of the North Anna Unit 1 Lower Shell Forging 03 ART Values at the 3/4T Location at 72 EFPY 

Lower Shell 990400 I 
Forging 03 292332 

1.1 119.97 1.81 

Using non-credible 
surveillance data(e) 2.1 81.68 1.81 

Notes: 

(a) Chemistry factors are taken from Table 3-7 of this report. 

(b) Fluence and Fluence Factors are taken from Tables 2-1 and 5-2 of this report. 

(c) RTNDT(U) and RTTo(U) values are taken from Table H-1 of this calculation note. 

NB-2331 33 139.5 0.0 17.0 
1.383 

Master Curve 10.1 139.5 0.0 17.0 

NB-2331 33 95.0 0.0 17.0 
1.163 

Master Curve 10.1 95.0 0.0 17.0 

H-3 

M ART 
(OF) (OF) 

34.0 232.9 

21.6(f) 197.6 

34.0 180.0 

16.3(f) 139.4 

34.0 206.5 

18.9(f) 168.5 

34.0 162.0 

14_5(f) 119.6 

(d) Per the guidance of Regulatory Guide 1.99, Revision 2 (Reference 1), the base metal crti. = l 7°F for Position 1.1 and Position 2.1 with non-credible surveillance data. However, 
crti. need not exceed 0.5*~RTNDT for either forgings or welds with or without surveillance data. 

(e) The credibility evaluation for the North Anna Unit 1 surveillance data in Appendix E of this report determined that the Lower Shell Forging 03 surveillance data are deemed 
non-credible. 

(f) For this calculation, the value shown is "Margin+ Adjustment"= z✓ cr1
2 + crA 2 + O.l*~RTNDT - ~TME, where ~TME = 29°F. 
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H.3 REFERENCES 

H-1. Westinghouse Report WCAP-18463-NP, Revision 0, "Determination and Use of RT To for North 
Anna Unit 1 Lower Shell Forging 03," August 2019. 

H-2. U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, Regulatory Guide 
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Westinghouse Non-Proprietary Class 3 I-1 

APPENDIX I NORTH ANNA UNITS 1 AND 2 LICENSING BASIS FOR 
DETERMINING CHEMISTRY FACTOR WHEN 

SURVEILANCE DATA IS AVAILABLE 

Regulatory Guide (RG) 1.99, Revision 2 (Reference I-1), indicates the Position 2.1 CFs may be used with 
a reduced margin term whenever the surveillance data has been deemed credible using the methodology 
described in Appendix E. Regulatory Guide 1.99, Revision 2 is less prescriptive if the surveillance data is 
deemed non-credible. However, additional guidance can be drawn from 10 CFR 50.61 (Reference I-2) and 
the NRC Generic Letter (GL) 92-01 Guidance (Reference I-3). 

10 CFR 50.61 ( c )(2) states that "licensees shall consider plant specific information thaJ could affect the level 
of embrittlement". The plant specific information referred to in 10 CFR 50.6l(c)(2) is data derived from 
reactor vessel materials surveillance programs that must be considered in the determination of .LiRT NDT for 
the beltline material. GL 92-01 Guidance, published by NRC on February 12, 1998, describes the treatment 
of surveillance data for application to the corresponding reactor vessel beltline material, including: how to 
apply data from different data sources; how to correct surveillance data (.LiRTNnT) values for differences in 
irradiation temperature and chemical composition relative to the reactor vessel beltline material being 
evaluated; how to evaluate the scatter of .LiRT NDT data around a best fit Position 2 .1 CF .LiRT NDT trend line 
to determine surveillance data credibility; and how to compare surveillance data against a Position 1.1 CF 
trend line based on mean surveillance material chemical compositions to determine conservatism of the use 
of a Position 1.1 CF. As described in the NRC GL 92-01 Guidance, individual surveillance data points are 
not to be discarded on the basis of their deviation from a best fit Position 2.1 CF trend line alone; there must 
also be a recorded deficiency or a physical basis for classifying the data point as atypical. The same logic 
would apply to not discarding a data set. 

When surveillance data is deemed non-credible per RG 1.99, NRC GL 92-01 Guidance considers the 
surveillance data to still be applicable for characterizing the beltline material through the direction of its 
use with a full margin term ( O"tl) to establish the Position 2.1 RT NDT when the Position 1.1 CF is concluded 
to be non-conservative based on that same data (See case 3 in the NRC GL 92-01 Guidance). Dominion 
Energy proposed and licensed logically consistent application of surveillance data concluded to be non­
credible due only to data scatter for both non-conservative and conservative RG 1.99, Position 1.1 CFs. 
The Dominion licensing position is as follows: 

a. The greater of the RG 1.99 Revision 2 Position 1.1 CF and 2.1 CF is used with a full margin 
term ( CTtl = l 7°F for base metal and CTtl = 28°F for welds) for evaluation of the reactor vessel 
beltline material when one or more of the surveillance data fall outside of the Position 2.1 
CF trend line by more than one times CTtl (data is non-credible), and one or more of the 
surveillance data fall more than two times O"tl above the Position 1.1 CF trend line (Position 
1.1 CF is non-conservative) 

b. The lesser of the RG 1.99 Revision 2 Position 1.1. and 2.1 CFs is used with a full margin 
term ( a fl = l 7°F for base metal and cr fl= 28°F for welds) for evaluation of the reactor vessel 
beltline material when one or more of the surveillance data fall outside of the Position 2.1 
CF trend line by more than one times O"tl (data is non-credible), and none of the surveillance 
data fall more than two times O"fl above the Position 1.1 CF trend line (Position 1.1 CF is 
conservative). 
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Westinghouse Non-Proprietary Class 3 I-2 

Table I-1 contains the list of correspondences applicable to the submittal and approval of this licensing basis 
for North Anna Units 1 and 2. Appendixes I.1 and I.2 evaluate whether the RG 1.99, Position 1.1 CFs are 
conservative based on the above licensing basis and the North Anna Units 1 and 2 surveillance data. 

Table 1-1 North Anna Units 1 and 2 Chemistry Factor Licensing Basis History 

Subject Content Relevant to North Anna Units 1 and 2 
Date 

Document(s) Chemistry Factor Licensing Basis 

Closure of the NRC review of the North Anna Units 1 and 
2 GL 92-01 response. 

NRC Letter 
This letter notes that for material with non-credible 

(Incoming 
surveillance but with all measured ~RT NDT data points 

June 23, 
Correspondence No. 

below the RG 1.99, Position 1.1 ~RT NDT predictions + 
1999 

99-361) 
20~, the RG 1.99, Position 2.1 CFs were used with a full 
margin value to calculate RT PTs-

Response to the NRC on discrepancies between the 
Reactor Vessel Integrity Database (RVID) and previously 
provided data. 

VEPCO Letter Serial 
This letter reiterates the use of non-credible surveillance 

Sept. 1, 
No. 99-361 

data with a full margin value when all measured ~RT NDT 
1999 

data points are below the RG 1.99, Position 1.1 ~RT NDT 
predictions+ 20~. 

Evaluation of the material properties based on the results 
from North Anna Unit 1, Capsule W. 

VEPCO Letter Serial This letter reiterates the use of non-credible surveillance Nov. 19, 
No. 99-452A data with a full margin value when all measured ~RT NDT 1999 

data points are below the RG 1.99, Position 1.1 ~RT NDT 
predictions + 20~. It also includes portions of SM-1008. 

Submittal of the 32.3 EFPY (Unit 1) and 34.3 EFPY 
(Unit 2) heatup and cooldown curves and Low 
Temperature Overpressure Protection System (LTOPS) 

VEPCO Letter Serial 
setpoints. 

June 22, 
No. 00-306 This letter includes a detailed evaluation based on the 2000 

latest reactor vessel materials surveillance data, i.e. North 
Anna Unit 1, Capsule W. The North Anna Unit 1, Capsule 
W report, BAW-2356, is also attached. 

VEPCO Letters Nos. Corrections and supplements to the above cited letters. 
01-020, 01-020A, No changes were made to the material property basis in Various 
01-020B, 01-168, these letters. 

01-168A 
Revises the RVID for North Anna Unit 2 based on the 
Sequoyah Unit 2 surveillance data. 

VEPCO Letter 
This letter demonstrates that conservatism or non-

April 27, 
conservatism of the RG 1.99 ~RTNDT prediction is 

No. 01-262 
determined by whether all measured ~RT NDT data points 

2001 

are below the RG 1.99, Position 1.1 ~RTNDT predictions+ 
2a~. 
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Westinghouse Non-Proprietary Class 3 

Table 1-1 North Anna Units 1 and 2 Chemistry Factor Licensing Basis History 

Subject Content Relevant to North Anna Units 1 and 2 
Date 

Document(s) Chemistry Factor Licensing Basis 

Safety Evaluation (SE) for the 32.3 EFPY (Unit 1) and 
34.3 EFPY (Unit 2) heatup and cooldown curves and 

NRC Letter LTOPS setpoints. 
(Incoming 

Reiterates that for material with non-credible surveillance 
May 2, 

Correspondence No. 
data but all measured LiRT NDT data points below the RG 

2001 
01-293) 

1.99, Position 1.1 LiRTNDT predictions+ 2crt., the RG 1.99, 
Position 2.1 CFs were used with a full margin value. 

VEPCO Letter License Renewal Submittal May 29, 
No. 01-282 2001 

License Renewal RAI Response on RV embrittlement 

VEPCO Letter 
issues. 

Oct. 15, 
No. 02-601 Reiterates that conservatism is defined as below RG 2002 

Position 1.1 LiRT NDT predictions +2crt.. 

VEPCO Letter 
Submittal of the 50.3 EFPY (Unit 1) and 52.3 EFPY 

July 1, (Unit 2) heatup and cooldown curves and LTOPS 
No. 04-380 setpoints. 2004 

VEPCO Letter Provides RAI responses related to the 50.3 EFPY / Oct. 28, 
No. 04-380A 52.3 EFPY P-T curves submittal. 2004 

VEPCO Letter Editorial correction for the 50.3 EFPY/52.3 EFPY P-T Nov. 16, 
No. 04-380B curves submittal. 2004 

NRC Letter 
(Incoming SE for the 50.3 EFPY (Unit 1) and 52.3 EFPY (Unit 2) July 8, 

Correspondence heatup and cooldown curves and LTOPS setpoints. 2005 
No. 05-460) 
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Westinghouse Non-Proprietary Class 3 I-4 

1.1 Regulatory Guide 1.99, Revision 2, Position 1.1 Conservativism Evaluation for 
North Anna Unit 1 Surveillance Data 

The purpose of this evaluation is to determine if the North Anna Unit 1 non-credible surveillance data is 
less than 2aL\ above of the RG 1.99, Position 1.1 prediction, thereby, determining whether the RG 1.99, 
Position 1.1 CF is conservative. This evaluation is performed in Table I-2. 

Table 1-2 Conservatism Check for Position 1.1 for Non-Credible North Anna Unit 1 
Surveillance Data 

CF<a) Capsule 
Material Capsule (Pos. 1.1) Fluence<b) 

(OF) ( x 1019 n/ cm2) 

Lower Shell V 121.63 0.306 

Forging 03 u 121.63 0.914 
(Tangential) w 121.63 2.05 

Lower Shell V 121.63 0.306 

Forging 03 u 121.63 0.914 
(Axial) w 121.63 2.05 

Surveillance Weld V 56.22 0.306 

Material u 56.22 0.914 
(Heat# 25531) w 56.22 2.05 

Notes: 

(a) CF values are taken from Table 3-7. 

(b) Fluence and Measured Lill.TNDT values are taken from Table 3-4. 

(c) FF= fluence factor= f{0-28 - 0-10*10g(t))_ 

( d) Predicted LiR T NDT = CF * FF 

(e) Scatter LiRTNDT = Measured LiRTNDT - Predicted LiRTNDT 

(f) 0"6. = l 7°F for base metal and 0"6. = 28°F for welds 

Measured Predicted Scatter 
FF<c) ARTNDT(b) ARTNDT(d) ARTNDie) < 20-<f) 

(OF) (OF) (OF) 

0.675 51 82.1 -31.1 Yes 

0.975 116 118.6 -2.6 Yes 

1.196 93 145.4 -52.4 Yes 

0.675 29 82.1 -53.1 Yes 

0.975 72 118.6 -46.6 Yes 

1.196 96 145.4 -49.4 Yes 

0.675 88 38.0 50.0 Yes 

0.975 30 54.8 -24.8 Yes 

1.196 86 67.2 18.8 Yes 

All data points are no more than 2aL\ above of the RG 1.99, Position 1.1 prediction. Therefore, the RG 1.99, 
Position 1.1 CF is conservative, and the RG 1.99, Position 2.1 CF may be used with a full margin term for 
North Anna Unit 1 Lower Shell Forging 03 and Heat# 25531 weld material. 
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Westinghouse Non-Proprietary Class 3 I-5 

1.2 Regulatory Guide 1.99, Revision 2, Position 1.1 Conservativism Evaluation for 
North Anna Unit 2 Surveillance Data 

The purpose of this evaluation is to determine if the North Anna Unit 2 non-credible surveillance data is 
less than 2crt. above of the RG 1.99, Position 1.1 prediction, thereby, determining whether the RG 1.99, 
Position I.I CF is conservative. This evaluation is performed in Table I-3. 

Note the North Anna Unit 2 surveillance weld Heat# 716126 was determined to be credible in Appendix E. 
Therefore, the conservatism of the Position 1.1 CF does not need to be determined because the Position 2.1 
CF with a reduced margin term will be used regardless. 

Table 1-3 Conservatism Check for Position 1.1 for Non-Credible North Anna Unit 2 
Surveillance Data 

CF<a> Capsule 
Material Capsule (Pos. 1.1) Fluence<h) 

(OF) (x 1019 n/cm2) 

Intermediate Shell V 82.40 0.286 

Forging 04 u 82.40 0.985 
(Tangential) w 82.40 2.08 

Intermediate Shell V 82.40 0.286 

Forging 04 u 82.40 0.985 
(Axial) w 82.40 2.08 

Notes: 

(a) CF values are taken from Table 3-8. 

(b) Fluence and Measured ~TNDT values are taken from Table 3-6. 

( c) FF = fluence factor = £(0-28 - O. lO*log (f)). 

(d) Predicted ~TNDT =CF* FF 

(e) Scatter ~TNDT = Measured ~TNDT - Predicted ~TNDT 

(f) crt:i. = 17°F for base metal and crt:i. = 28°F for welds 

Measured Predicted Scatter 
FF<c> ARTNDT(b) ARTNDid) ARTNDT(e) <2a<f) 

(OF) (OF) (OF) 

0.658 19 54.2 -35.2 Yes 

0.996 33 82.1 -49.1 Yes 

1.199 86 98.8 -12.8 Yes 

0.658 21 54.2 -33.2 Yes 

0.996 66 82.1 -16.1 Yes 

1.199 65 98.8 -33.8 Yes 

All data points are no more than 2crt. above of the RG 1.99, Position 1.1 prediction. Therefore, the RG 1.99, 
Position 1.1 CF is conservative, and the RG 1.99, Position 2.1 CF may be used with a full margin term for 
North Anna Unit 2 Intermediate Shell Forging 04. 

1.3 REFERENCES 

I-1. U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, Regulatory 
Guide 1.99, Revision 2, "Radiation Embrittlement of Reactor Vessel Materials," May 1988. 
[Agencywide Documents Access and Management System (ADAMS) Accession Number 
ML003740284] 

I-2. Code of Federal Regulations 10 CFR 50.61, "Fracture Toughness Requirements for Protection 
Against Pressurized Thermal Shock Events," U.S. Nuclear Regulatory Commission, Federal 
Register, Volume 60, No. 243, dated December 19, 1995, effective January 18, 1996. 
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I-3. K. Wichman, M. Mitchell, and A. Hiser, US NRC, Generic Letter 92-01 and RPV Integrity 
Workshop Handouts, "NRC/Industry Workshop on RPV Integrity Issues," February 12, 1998. 
[ADAMS Accession Number MLI 10070570] 

I-4. NRC Letter "Closure of the Review of the Response to Generic Letter 92-01, Revision 1, 
Supplement 1, 'Reactor Vessel Structural Integrity,' the North Anna Nuclear Power Plant, Units 1 
and 2 (TAC Nos. MA0555 and MA0556)," June 23, 1999. [Dominion Serial No. 99-361, Incoming 
NRC Letter] 

I-5. VEPCO Letter 99-361, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Response to NRC Request for Comments Generic Letter 92-01, Revision 1, 
Supplement 1," September 1, 1999. 

I-6. VEPCO Letter 99-452A, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Surry Power Station Units 1 and 2, Evaluation of Reactor Vessel Materials Surveillance 
Data," November 19, 1999. 

I-7. VEPCO Letter 00-306, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Proposed Technical Specifications Changes Requests for Exemption per 10 CFR 50.60(b) 
Reactor Coolant System Pressure/Temperature Limits, L TOPS Setpoints, and L TOPS Enable 
Temperatures," June 22, 2000. 

I-8. VEPCO Letter 01-020, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Response to Request for Additional Information, Proposed Technical Specifications 
Changes, Reactor Coolant System Pressure/Temperature Limits, L TOPS Setpoints, and L TOPS 
Enable Temperatures," January 4, 2001. 

I-9. VEPCO Letter 0l-020A, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Response to Request for Additional Information, Proposed Technical Specifications 
Changes, Reactor Coolant System Pressure/Temperature Limits, L TOPS Setpoints, and L TOPS 
Enable Temperatures," February 14, 2001. 

I-10. VEPCO Letter 01-020B, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Response to Request for Additional Information and Clarification of Exemption Request 
Regarding Proposed Technical Specifications Changes for Reactor Coolant System 
Pressure/Temperature Limits, LTOPS Setpoints, and LTOPS Enable Temperatures," March 13, 
2001. 

I-11. VEPCO Letter 01-168, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Response to Request for Additional Information, Proposed Technical Specifications 
Changes, Reactor Coolant System Pressure/Temperature Limits, L TOPS Setpoints, and L TOPS 
Enable Temperatures," March 22, 2001. 

I-12. VEPCO Letter 0l-168A, "Virginia Electric and Power Company, North Anna Power Station Units 
1 and 2, Proposed Technical Specifications Changes, Editorial Correction to Proposed Reactor 
Coolant System Pressure/Temperature Limit Curves Applicable to Cooldown," April 11, 2001. 

I-13. VEPCO Letter 01-262, "Virginia Electric and Power Company, North Anna Power Station Unit 2, 
Application of Sequoyah 2 Surveillance Data to North Anna Unit 2 Reactor Vessel Weld Material 
Fabricated from Weld Wire Heat 4278," April 27, 2001. 
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I-14. NRC Letter ''North Anna Power Station, Units 1 and 2 - Issuance of Amendments and Exemption 
from the Requirements of 10 CPR Part 50, Section 50.60(a) Re: Amended Pressure-Temperature 
Limits (TAC Nos. MA9343, MA9344, MA9347, and MA9348)," May 2, 2001. [Dominion Serial 
No. 01-293, IncomingNRC Letter] 

I-15. VEPCO Letter 01-282, "Virginia Electric and Power Company, Surry and North Anna Power 
Stations Units 1 and 2 License Renewal Applications - Submittal," May 29, 2001. [ADAMS 
Accession Number ML0J 1500496] 

I-16. VEPCO Letter 02-601, "Virginia Electric and Power Company (Dominion), Surry and North Anna 
Power Stations Units 1 and 2, Response to Request for Supplemental Information, License Renewal 
Applications," October 15, 2002. [ADAMS Accession Number ML02296041 l] 

I-17. VEPCO Letter 04-380, "Virginia Electric and Power Company, North Anna Power Station Units 1 
and 2, Proposed Technical Specifications Change Request, Reactor Coolant System 
Pressure/Temperature Limits, LTOPS Setpoints and LTOPS Enable Temperatures," July 1, 2004. 

I-18. VEPCO Letter 04-380A, "Virginia Electric and Power Company (Dominion), North Anna Power 
Station Units 1 and 2, Request for Additional Information, Proposed Technical Specifications 
Change Request, Reactor Coolant System Pressure/Temperature Limits, L TOPS Setpoints and 
LTOPS Enable Temperatures," October 28, 2004. 

I-19. VEPCO Letter 04-380B, "Virginia Electric and Power Company (Dominion), North Anna Power 
Station Units 1 and 2, Editorial Correction for Proposed Technical Specifications Change Request, 
Reactor Coolant System Pressure/Temperature Limits, L TOPS Setpoints and L TOPS Enable 
Temperatures," November 16, 2004. 

I-20. NRC Letter "North Anna Power Station, Units 1 and 2 - Issuance of Amendments on Reactor 
Coolant System Pressure and Temperature Limits (TAC Nos. MC3705 and MC3706)," July 8, 
2005. [Dominion Serial No. 05-460, Incoming NRC Letter] 
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APPENDIX J CURRENT TECHNICAL SPECIFICATIONS HEATUP AND 
COOLDOWN CURVES FOR NORTH ANNA UNITS 1 AND 2 

Figures J-1 and J-2 show the North Anna Units 1 and 2 heatup and cooldown curves, respectively, as 
currently depicted in the North Anna Power Station Technical Specifications (Reference J-1 ). Tables J-2 
and J-3 provide the data points corresponding to the heatup and cooldown curves, respectively, as currently 
depicted in the North Anna Power Station Technical Specifications. The data points were calculated by 
modifying the End of License Renewal data points in WCAP-15112 (Reference J-2) with the correction 
factors in Table J-1 associated with the current Technical Specifications. 

Table J-1 North Anna Units 1 and 2 Pressure and Temperature Correction Factors 

Type 
Current TS 

Units Value(a) 

Pressure adjustment for head loss. 57(b) psid 

Pressure correction for instrument uncertainty. 70.1 psid 

Temperature correction for instrument uncertainty. 13.5 op 

Notes: 

(a) Values were taken from Reference J-3. 

(b) This value considers one reactor coolant pump (RCP), two RCP, and three RCP operation. 

The corrections are made to the unadjusted P-T limits as follows: 

( 1) The pressure difference between the point of measurement (Narrow Range or Wide Range RCS 
pressure measured in the RCS hot leg) and the point of interest (reactor vessel beltline) due to 
head loss is subtracted from the pressure as calculated for the P-T limit curves; 

(2) The uncertainty associated with the RCS pressure instrumentation is subtracted from the 
pressure as calculated for the P-T limit curves; and 

(3) The uncertainty associated with the RCS temperature instrumentation is added to the 
temperature as calculated for the P-T limit curves. 

These data points are consistent with those in VEPCO letter 04-380 (Reference J-3). 

J.1 REFERENCES 

J-1. North Anna Power Station Technical Specifications, Revised August 8, 2018. 

J-2. Westinghouse Report WCAP-15112, Revision 2, "North Anna Units 1 and 2 WOG Reactor Vessel 
60-Y ear Evaluation Minigroup Heatup and Cooldown Limit Curves for Normal Operation," March 
2001. 

J-3. VEPCO Letter 04-380, "Virginia Electric and Power Company, North Anna Power Station Units 1 
and 2, Proposed Technical Specifications Change Request, Reactor Coolant System 
Pressure/Temperature Limits, LTOPS Setpoints and LTOPS Enable Temperatures," July 1, 2004. 
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North Anna Units 1 and 2 Reactor Coolant System ·Heatup Limitations 
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Applicable for the first. 50.3 EEPY for Unit 1, and ·52,3 EFPY for Unit 2 

(Including Margins for Instrumentation Errors) 

North Anna Units 1 and 2 3.4.3-3 Amendments 275, 257 
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Figure J-1 Current North Anna Units 1 and 2 Technical Specifications Heatup P-T Limit Curves 
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Table J-2 Current North Anna Units 1 and 2 Technical Specifications EOLE Heatup 
Curves Data Points (with K1c, with Flange Requirements, and with Margins 
for Instrumentation Errors and Pressure Correction) 

20°F/hr Heatup 40°F/hr Heatup 60°F/hr Heatup 
T (°F) P (psig) T (°F) P (psig) T (OF) P (psig) 
73.5 493.9 73.5 493.9 73.5 490.9 
78.5 493.9 78.5 493.9 78.5 490.9 
83.5 493.9 83.5 493.9 83.5 490.9 
88.5 493.9 88.5 493.9 88.5 490.9 
93.5 493.9 93.5 493.9 93.5 490.9 
98.5 493.9 98.5 493.9 98.5 490.9 
103.5 493.9 103.5 493.9 103.5 490.9 
108.5 493.9 108.5 493.9 108.5 490.9 
111.5 493.9 111.5 493.9 111.5 490.9 
111.5 536.9 111.5 512.9 111.5 490.9 
113.5 538.9 113.5 512.9 113.5 490.9 
118.5 542.9 118.5 514.9 118.5 490.9 
123.5 546.9 123.5 517.9 123.5 490.9 
128.5 551.9 128.5 521.9 128.5 491.9 
133.5 556.9 133.5 526.9 133.5 493.9 
138.5 562.9 138.5 532.9 138.5 496.9 
143.5 568.9 143.5 538.9 143.5 501.9 
148.5 575.9 148.5 546.9 148.5 506.9 
153.5 583.9 153.5 555.9 153.5 512.9 
158.5 591.9 158.5 564.9 158.5 519.9 
163.5 601.9 163.5 575.9 163.5 528.9 
168.5 611.9 168.5 587.9 168.5 537.9 
173.5 623.9 173.5 600.9 173.5 548.9 
178.5 636.9 178.5 615.9 178.5 560.9 
183.5 650.9 183.5 631.9 183.5 573.9 
188.5 666.9 188.5 649.9 188.5 588.9 
193.5 683.9 193.5 669.9 193.5 604.9 
198.5 702.9 198.5 691.9 198.5 623.9 
203.5 723.9 203.5 715.9 203.5 643.9 
208.5 747.9 208.5 742.9 208.5 665.9 
213.5 773.9 213.5 772.9 213.5 690.9 
218.5 801.9 218.5 801.9 218.5 718.9 
223.5 833.9 223.5 833.9 223.5 748.9 
228.5 867.9 228.5 867.9 228.5 782.9 
233.5 906.9 233.5 906.9 233.5 819.9 
238.5 949.9 238.5 949.9 238.5 860.9 
243.5 996.9 243.5 996.9 243.5 905.9 
248.5 1048.9 248.5 1048.9 248.5 955.9 
253.5 1105.9 253.5 1105.9 253.5 1010.9 
258.5 1163.9 258.5 1161.9 258.5 1071.9 
263.5 1228.9 263.5 1221.9 263.5 1138.9 
268.5 1299.9 268.5 1287.9 268.5 1212.9 
273.5 1378.9 273.5 1359.9 273.5 1294.9 

J-3 

WCAP-18363-NP March 2020 
Revision 1 

*** This record was final approved on 3/31/2020 8:40:08 AM. (This statement was added by the PRIME system upon its validation) 



Westinghouse Non-Proprietary Class 3 

Table J-2 Current North Anna Units 1 and 2 Technical Specifications EOLE Heatup 
Curves Data Points (with K1c, with Flange Requirements, and with Margins 
for lnstrume_.itation Errors and Pressure Correction) 

20°F/hr Heatup 40°F/hr Heatup 60°F/hr Heatup 
T(°F) P (psig) T (°F) P (psig) T (OF) P (psig) 
278.5 1465.9 278.5 1439.9 - -
283.5 1562.9 283.5 1528.9 283.5 1485.9 
288.5 1668.9 288.5 1626.9 288.5 1591.9 
293.5 1785.9 293.5 1734.9 293.5 1690.9 
298.5 1915.9 298.5 1853.9 298.5 1800.9 
303.5 2059.9 303.5 1985.9 303.5 1921.9 
308.5 2217.9 308.5 2130.9 308.5 2055.9 

- - - - 313.5 2202.9 
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Table J-3 Current North Anna Units 1 and 2 Technical Specifications EOLE Cooldown Curves Data Points 
(with K1c, with Flange Requirements, and with Margins for Instrumentation Errors and Pressure Correction) 

Steadv-State -20°F/hr -40°F/hr -60°F/hr -100°F/hr 
T p T p T p T p T p 

(OF) (psig) (OF) (psig) (OF) (psig) (OF) (psig) (OF) (psig) 
73.5 493.90 73.5 479.07 73.5 438.97 73.5 398.04 73.5 313.74 
78.5 493.90 78.5 480.80 78.5 440.62 78.5 399.67 78.5 315.36 
83.5 493.90 83.5 482.69 83.5 442.50 83.5 401.54 83.5 317.28 
88.5 493.90 88.5 484.81 88.5 444.62 88.5 403.68 88.5 319.50 
93.5 493.90 93.5 ~487.16 93.5 446.99 93.5 406.10 93.5 322.05 
98.5 493.90 98.5 489.78 98.5 449.66 98.5 408.83 98.5 324.98 
103.5 493.90 103.5 492.69 103.5 452.65 103.5 411.91 103.5 328.32 
108.5 493.90 108.5 493.90 108.5 455.99 108.5 415.38 108.5 332.12 
111.5 493.90 111.5 493.90 113.5 459.72 113.5 419.27 113.5 336.42 
111.5 537.33 111.5 498.10 118.5 463.89 118.5 423.63 118.5 341.29 
113.5 538.73 113.5 499.54 123.5 468.53 123.5 428.51 123.5 346.78 
118.5 542.59 118.5 503.55 128.5 473.71 128.5 433.98 128.5 352.95 
123.5 546.86 123.5 507.98 133.5 479.47 133.5 440.07 133.5 359.88 
128.5 551.58 128.5 512.92 138.5 485.89 138.5 446.88 138.5 367.66 
133.5 556.79 133.5 518.38 143.5 493.01 143.5 454.46 143.5 376.37 
138.5 562.55 138.5 524.45 148.5 500.93 148.5 462.92 148.5 386.11 
143.5 568.92 143.5 531.16 153.5 509.72 153.5 472.32 153.5 396.99 
148.5 575.96 148.5 538.62 158.5 519.49 158.5 482.79 158.5 409.14 
153.5 583.74 153.5 546.87 163.5 530.32 163.5 494.42 163.5 422.68 
158.5 592.34 158.5 556.03 168.5 542.35 168.5 507.35 168.5 437.79 
163.5 601.84 163.5 566.15 173.5 555.67 173.5 521.70 173.5 454.60 
168.5 612.34 168.5 577.37 178.5 570.46 178.5 537.65 178.5 473 .31 
173.5 623.95 173.5 589.78 183.5 586.84 183.5 555.34 183.5 494.12 
178.5 636.78 178.5 603.54 188.5 605.01 188.5 574.98 188.5 517.27 
183.5 650.95 183.5 618.75 193.5 625.12 193.5 596.75 193.5 542.98 
188.5 666.62 188.5 635.60 198.5 647.42 198.5 620.90 198.5 571.55 
193.5 683.93 193.5 654.23 203.5 672.09 203.5 647.67 203.5 603.26 
198.5 703.07 198.5 674.87 208.5 699.44 208.5 677.34 208.5 638.48 
203.5 724.21 203.5 697.67 213.5 729.70 213.5 710.22 213.5 677.55 
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Westinghouse Non-Proprietary Class 3 J-7 

Table J-3 Current North Anna Units 1 and 2 Technical Specifications EOLE Cooldown Curves Data Points 
(with K1c, with Flange Requirements, and with Margins for Instrumentation Errors and Pressure Correction) 

Steady-State -20°F/hr -40°F/hr -60°F/hr -100°F/hr 
T p T p T p T p T p 

(OF) (psig) (OF) (psig) (OF) (psig) (OF) (psig) (OF) (psig) 
208.5 747.58 208.5 722.93 218.5 763.22 218.5 746.66 218.5 720.91 
213.5 773.41 213.5 750.85 223.5 800.31 223.5 787.01 223.5 769.00 
218.5 801.96 218.5 781.75 228.5 841.38 228.5 831.72 228.5 822.34 
223.5 833.51 223.5 815.92 233.5 886.81 233.5 881.23 233.5 881.46 
228.5 868.37 228.5 853.72 238.5 937.12 238.5 936.06 238.5 947.01 
233.5 906.90 233.5 895.51 243.5 992.76 243.5 996.55 243.5 996.55 
238.5 949.49 238.5 941.76 248.5 1048.57 248.5 1048.57 248.5 1048.57 
243.5 996.55 243.5 992.88 253.5 1106.05 253.5 1106.05 253.5 1106.05 
248.5 1048.57 248.5 1048.57 258.5 1169.58 258.5 1169.58 258.5 1169.58 
253.5 1106.05 253.5 1106.05 263.5 1239.79 263.5 1239.79 263.5 1239.79 
258.5 1169.58 258.5 1169.58 268.5 1317.38 268.5 1317.38 268.5 1317.38 
263.5 1239.79 263.5 1239.79 273.5 1403.14 273.5 1403.14 273.5 1403.14 
268.5 1317.38 268.5 1317.38 278.5 1497.91 278.5 1497.91 278.5 1497.91 
273.5 1403.14 273.5 1403.14 283.5 1602.66 283.5 1602.66 283.5 1602.66 
278.5 1497.91 278.5 1497.91 288.5 1718.41 288.5 1718.41 288.5 1718.41 
283.5 1602.66 283.5 1602.66 293.5 1846.35 293.5 1846.35 293.5 1846.35 
288.5 1718.41 288.5 1718.41 298.5 1987.73 298.5 1987.73 298.5 1987.73 
293.5 1846.35 293.5 1846.35 303.5 2143.99 303.5 2143.99 303.5 2143.99 
298.5 1987.73 298.5 1987.73 308.5 2316.68 308.5 2316.68 308.5 2316.68 
303.5 2143.99 303.5 2143.99 - - - - - -
308.5 2316.68 308.5 2316.68 - - - - - -
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Westinghouse Non-Proprietary Class 3 K-1 

APPENDIX K JUSTIFICATION FOR THE USE OF PWROG-17090-NP-A 

PWROG-17090-NP-A (Reference K-1) was approved to provide generic values of the unirradiated Charpy 
Upper-Shelf Energy (USE) for American Society of Mechanical Engineers (ASME) SA508, Class 2 ( or the 
corresponding American Society for Testing and Materials [ ASTM] A508, Class 2) RV forgings that were 
fabricated by the Rotterdam Dockyard Company (Rotterdam) as well as generic values of unirradiated 
Charpy USE, weight percentage copper (Cu) content, and weight percentage nickel (Ni) content for RV 
Submerged Arc Welds (SAWs) and Shielded Metal Arc Welds (SMAWs). 

In the NRC's Safety Evaluation (Reference K-2) it is stipulated that plants citing the report must ensure 
that their reactor vessel materials meet the criteria set forth below. 

The generic properties provided in the TR are for implementation as conservative generic estimates 
for the material classes identified below only if no measured values of unirradiated Charpy USE, 
Cu content, and/or Ni content are available for the specific RV material under consideration. PWR 
plants that implement these generic estimates must identify their RV materials as follows: 

• A PWR plant with a Rotterdam RV proposing to use the generic unirradiated Charpy 
USE value of 5 6 ft-lbs. for its RV forging(s) must identify that its forging(s) are of the 
SA508, Class 2 or A508, Class 2 specification and that theforging(s) were supplied by 
Rheinstahl Huttenwerke AG. 

• A PWR plant with a Rotterdam RV proposing to use the generic unirradiated Charpy 
USE value 52 ft-lbs. for its RV forging(s) must identify that its forging(s) are of the 
SA508, Class 2 or A508, Class 2 specification. This generic unirradiated Charpy USE 
value may be used if the Rotterdam RV forging supplier is identified as Fried-Krupp 
Huttenwerke AG or if the forging supplier is unknown. 

• A PWR plant with a Rotterdam RV proposing to use the generic unirradiated Charpy 
USE value of 75 ft-lbs.for its RV weld(s) must identify that the weld(s) are of the SAW 
type, that the SAWs are not of Linde 80 flux type, and that its SAW (s) were fabricated 
by Rotterdam. 

• A PWR plant with a Rotterdam RV proposing to use the generic Cu content of 0.23 
percent and generic Ni content of0.56 percent for its RVweld(s) must identify that the 
weld(s) are of the SAW type, that the SAWs are not of Linde 80 flux type, and that its 
SAW(s) were fabricated by Rotterdam. 

• A PWR plant with a Rotterdam RV proposing to use the generic unirradiated Charpy 
USE value of72ft-lbs.for its RVweld(s) must identify that the weld(s) were fabricated 
by Rotterdam. This generic unirradiated Charpy USE value may be used if the 
Rotterdam RV weld is identified as a SMAW or if the Rotterdam RV weld type is 
unknown. 

• A PWRplant with a Rotterdam RV proposing to use the RG 1.99, Rev. 2, default Cu 
content of 0. 35 percent and generic Ni content of 1.13 percent for its RV weld(s) must 
identify that the weld(s) were fabricated by Rotterdam. These values may be used if the 
Rotterdam RV weld is identified as a SMAW or if the Rotterdam RV weld type is 
unknown. 
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Westinghouse Non-Proprietary Class 3 K-2 

Table K-1 below demonstrates how the relevant North Anna Units 1 and 2 materials meet these stipulations; 
thus, justifying the use of the listed generic values from PWROG-17090-NP-A for these materials. 

Table K-1 North Anna Units 1 and 2 Reactor Vessel Materials which Use PWROG-17090-NP-A 
Generic Values 

Flux Wt.% Wt.% 
Initial 

Material Description Heat 
Type Cu Ni USE Justification 

(ft-lbs) 
Unit 1 

Inlet/Outlet Nozzle to The inlet/outlet nozzle to upper shell 

Upper Shell Welds 
Unknown 0.35 1.13 72 welds were fabricated by Rotterdam 

with an unknown weld type. 
Forging was supplied by Rheinstahl 

Inlet Nozzle Forging 11 990268-21 - - - 56 Huttenwerke AG and is ASTM 
A508, Class 2 material. 

Unit2 

Upper to Intermediate The weld was fabricated by 
Shell Circumferential 801 SMIT 89 - - 75 Rotterdam with a SAW weld type 

Weld (6% ID) without Linde 80 flux. 

8816 The inlet/outlet nozzle to upper shell 
Inlet/Outlet Nozzle to 20459 

LW320 0.23 0.56 75 
welds were fabricated by Rotterdam 

Upper Shell Welds 
27622 

with a SAW weld type without 
Linde 80 flux. 

Inlet Nozzle Forging 09 990426 - - - 56 Forgings were supplied by 
Rheinstahl Huttenwerke AG and are 

Outlet Nozzle Forging 13 990426-31 - - - 56 ASTM A508, Class 2 material. 
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