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1.0 BACKGROUND

In November 2004, WCAP-16005-NP, Rev. 03, “San Onofre Nuclear Generating Station Unit 2
RCS Pressure and Temperature Limits Report” and WCAP-16167-NP, Rev. 0, “San Onofre Nuclear
Generating Station Unit 3 RCS Pressure and Temperature Limits Report” were provided to
Southern California Edison. These reports were then submitted to the NRC by SCE as part of a
request for license amendment.

The NRC has reviewed these submittals and has compiled a list of requests for additional
information (RAIs). This document provides responses to these RAISs.

2.0 QUALITY ASSURANCE

This work was completed under the requirements of the Westinghouse Quality Assurance Program
(Reference 9). References are provided at the end of this document following the RAI responses.

3.0 RESPONSES TO REQUESTS FOR ADDITIONAL INFORMATION

Each NRC RAl is listed by number and is followed by a response.

3.1 RAI#

In the staff's safety evaluation (SE) on topical report CE-NPSD-683, Revision 6, dated March 16,
2001, the staff included 26 action items that would need to be addressed in a pressure-
temperature (P-T) limits report (PTLR) license amendment request that invoked the methods of the
topical report. Your PTLR submittal of January 28, 2005, does not specifically identify how the
proposed San Onofre Nuclear Generating Station, Units 2 and 3 (SONGS 2 and 3) PTLRs resolve
the action items in the SE of March 16, 2001.

The staff requests that you supplement your application with your responses to these 26 action
items. If your PTLR submittal already includes information that satisfies any of these action items,
please specify which information in the PTLR satisfies resolution of a particular action item. If the
PTLR does not include information which satisfies a particular action item, please provide
supplemental information which satisfies resolution of the particular action item of concern.

The staff recognizes that several of these action items have become obsolete due to updates in
the allowable editions and addenda of the American Society of Mechanical Engineers Boiler and
Pressure Vessel Code (ASME Code), Section XI, Appendix G, which have been incorporated by
reference in Title 10 of the Code of Federal Regulations, Part 50 (10 CFR Part 50). If such an
action item falls under this category please designate it as such.
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Response:

Responses to the 26 action items of the SE are provided with respect to the SONGS Unit 2 and
SONGS Unit 3 PTLRs prepared by Westinghouse in WCAP-16005-NP, Revision 3 for Unit 2 and
WCAP-16167-NP, Revision 0 for Unit 3 (References 1 and 2, respectively). For each numbered
response below the NRC action item is paraphrased and is followed by a statement as to how the
action has been addressed in the respective PTLR, if it has become obsolete, or if it is addressed in a
response to another RAL '

1)

2)

3)

9)

Describe the methodology used to calculate the neutron fluence values for the reactor vessel
materials.

. Describe whether the methodology used is consistent with Draft Regulatory Guide 1053.

Section 1.0 of References 1 and 2 state that the neutron fluence methodology is consistent
with the guidance of Regulatory Guide 1.190.

. Describe the computer codes used to calculate the neutron fluence.

The computer codes used to calculate the neutron fluence are described in Section 1.1.1 of
Refererices 1 and 2.

. Describe how the computer codes used to calculate the neutron fluence were benchmarked.

The computer codes used to calculate the neutron fluence were benchmarked as described in
Section 1.4 of References 1 and 2.

Provide the values of neutron fluence used for the adjusted reference temperature
calculations including the values for the inner surface (ID), % T and % T locations.

. For Unit 2, Section 4, Tables 4-2 and 4-3 and Subsection 4.4 of Reference 1 provide the

following Eeak values at 32 EFPY: clad/base metal interface is 4.147x10' n/em?®; % T is
2.472x10" n/em’; % T is 0.878x10"’ n/em”.

. For Unit 3, Section 4, Tables 4-2 and 4-3 and Subsection 4.4 of Reference 2 provide the

following peak values at 32 EFPY: clad/base metal interface is 3.976x10'° n/cm?; % T is
2.370x10" n/em?; % T is 0.8419x10" n/em’.

Provide the surveillance capsule withdrawal schedule in the PTLR or by reference.

The surveillance capsule withdrawal schedule is provided in Section 2, Table 2-2 of
References 1 and 2.

Reference the surveillance capsule reports by title and number if the RTypr values are
calculated using RPV surveillance capsule data.

The title and number of the surveillance capsule reports are given in References 4 and 15 of
Reference 1 (Unit 2) and Reference 2 (Unit 3).
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)

6)

7)

8)

9)

10)

11)

Provide a description of the analytical method used in the energy addition transient
analysis.

This information is provided in Section 3.2.1.3 of the References 1 and 2, and also in the
Reference 18 document of these references.

Provide a description of the analytical method used in the mass addition transient analysis,
if different from that in Section 3.3.5 of the topical report.

This information is provided in Section 3.2.1.2 of References 1 and 2. Also, this section of
References 1 and 2 will be revised to remove the statement "...and the equivalent mass
addition that results from energy additions" in order to be consistent with the supporting
analyses of record. The reference to equivalent mass additions incorrectly implies additional
contributions to the transient are provided by the pressurizer heaters and by decay heat.

Provide a description of the method for selection of relief valve setpoints.
This information s provided in Section 3.2.1.1 of References 1 and 2.

Provide a justification for use of subcooled water conditions or a steam volume in the
pressurizer.

The RCS is considered water solid for the transients as described in Section 3.2.1 of
References 1 and 2.

Provide a justification for a less conservative method for determination of decay heat
contribution if the method used is less conservative than the “most conservative method”

described in the topical report;

The analyses of record that support the SONGS Units 2 and 3 LTOP energy addition and
mass addition transients were performed using methodologies that preceded approval of the
methods described in the topical report. The SONGS energy addition analysis used an
assumed value of 1% decay heat, relevant to approximately 3.5 hours post shutdown. This
is considered a conservative estimate of the cooldown time needed to achieve the LTOP
enable temperature, and is therefore conservative for the decay heat contribution. As noted
in Action Item 6 of the staff’s safety evaluation, the SONGS mass addition transient does
not include decay heat contribution.

Provide justification for operator action time used in transient mitigation or termination.

The transient analyses of References 1 and 2 that support SONGS Units 2 and 3 do not
assume operator action for mitigation of the transients.

Provide correlations used for developing power operated relief valve (PORV) discharge
characteristics.

SONGS Units 2 and 3 do not have PORVs and therefore do not credit pressurizer PORV
discharge characteristics in the LTOP transient analyses.
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12)

13)

14)

15)

16)

17)

Provide spring relief valve discharge characteristics if different from those described in the
topical report or if the peak transient pressure is above the set pressure of the valve plus 10
percent,

This information is provided in Section 3.2.1.1 of References 1 and 2.

Provide a description of how the reactor coolant temperature instrumentation uncertainty
was accounted jor.

Refer to the response to RAI #6.

Provide a justification for the mass and energy addition transient mitigation which credit
presence of nitrogen in the pressurizer.

SONGS Units 2 and 3 do not credit the presence of nitrogen in the pressurizer in the LTOP
transient analyses.

Identify and explain any other deviation from the methodology included in Section 3.0 of the
topical report.

There are no other deviations from the methodology described in Section 3.0 of References
1 and 2.

With respect to the methods used to calculate the adjusted reference temperature, identify
the limiting materials and corresponding RTypr values at % T and % T (where “T” is vessel
thickness).

For Unit 2, the RTnpt values at 32 EFPY at the % T and % T locations are provided in
Section 4 of Reference 1. Those values are 137.3°F for lower shell plate C-6405-5 and
116.6°F for lower shell plate C-6405-4, respectively.

. For Unit 3, the RTnpr values at 32 EFPY at the % T and % T locations are provided in

Section 4 of Reference 2. Those values are 145.8°F and 125.5°F respectively for
intermediate shell plate C-6802-1.

Identify the limiting material and corresponding RTprs value calculated in accordance with
10 CFR 50.61.

. For Unit 2, the RTprs value at 32 EFPY at the limiting location is provided in Section 4 of

Reference 1. That value is 146.3°F for lower shell plate C-6405-5.

. For Unit 3, the RTprs value at 32 EFPY at the limiting location is provided in Section 4 of

Reference 2. That value is 154.6°F for intermediate shell plate C-6802-1.
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18)

19)

20)

Ensure that the ferritic RPV materials that have accumulated neutron fluence in excess of
Ix10" n/em’ will be assessed according to Section 4 of the topical report (Reference 4),
regardless of whether the materials are located within the region immediately surrounding
the active core.

For both Units 2 and 3, each ferritic plate and weld material located within the region
immediately surrounding the active core was evaluated to identify the limiting material at
the ¥4 T and % T locations. The results of that evaluation are provided in Table 4-4 of
References 1 and 2. The adjusted RTnpr values for the limiting materials were used to
establish the heatup and cooldown limits. All of the materials assessed in Table 4-4 receive
a high neutron fluence being adjacent to the active core and, therefore, are considered in the
determination of the limiting beltline material.

For the ferritic plate and weld materials located above and below the region immediately
surrounding the active core, the neutron fluence is much lower than the fluence relative to
the materials immediately surrounding the active core region. The initial RTypr values of
those ferritic materials are comparable to the initial RTypr values for the materials assessed
in Table 4-4. The adjustment to RTypt Will, therefore, also be smaller than for the materials
surrounding the active core. Hence, the ferritic plate and weld materials located above and
below the region immediately surrounding the active core in the SONGS Units will never be
limiting with respect to establishing the heat-up and cool-down limits. (Note that these
additional materials comprise the upper shell course plates and welds that are located
immediately above the intermediate shell course plates and welds. Each of the lower and
intermediate shell course plates and welds are assessed in Table 4-4.)

The initial RTypr values for the ferritic plate and weld materials located above and below
the region immediately surrounding the active core are used to establish other aspects of the
heat-up and cool-down limits. These other limits include the bolt-up temperature, the lowest
service temperature, and the flange limits.

Identify which method (i.e., Kic or Ky4) will be used to calculate the reference intensity
Jactor (Kig) values for the RPV as a function of temperature.

The reference stress intensity factor (SIF) used in both Units 2 and 3 is the equation for K¢
given in Appendix G of the ASME Code (Reference 3). It is expressed as:

Kh. =33.2+20.734¢ 0.02(T=RTypr )

The parameter T is the temperature of the material at the hypothetical crack tip (°F), RTnpr
is the material nil-ductility transition reference temperature (°F), and K¢ is the crack
initiation fracture toughness (ksiVin).

If Code Case N-640 and K c are used as the basis for calculating the Kjg values; submit an
exemption request to use the methods of Code Case N-640 and apply them to the P-T limit

calculations.

The determination of the Pressure-Temperature (P-T) curves is consistent with Section XI of
the 2000 Edition of the ASME Code. This Code Edition has incorporated the K¢ criteria for
the allowable fracture toughness. The Code of Federal Regulations part 50.55a has
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approved this ASME Code Edition in Reference 8. Therefore, Code Case N-640 is not used
and an exemption request is not submitted.

21)  Apply for an exemption against requirements of Section IV.4.2 of Appendix G to Part 50 to
apply the CE NSSS methods to their P-T curves.

- &C
. J

The justification to support an exemption request for use of the CE NSSS methodology of
pressure stress Ky is included as Appendix A of this document.

22) Include in the PTLRs the P-T curves for heatup, cooldown, criticality, and hydrostatic and
leak tests of the reactors.

P-T curves for heatup, cooldown, hydrostatic test and criticality have been included in the
Westinghouse Calculations of References 6 and 7. Details of heatup, cooldown and
hydrostatic test curves for the uncorrected case are included as Figures 6 through 27 of this
document. Allowable P-T limit curves for the criticality condition were obtained from
References 6 and 7 and are shown in Figures 28 through 33 of this document.

23)  Demonstrate how the P-T curves for pressure testing conditions and normal operations with
the core critical and not-critical will be in compliance with the appropriate minimum
temperature requirements as given in Table 1 to Appendix G to Part 50.

Minimum temperature requirements have been incorporated into the final composite P-T
curve limits in Figures 5.1 through 5.3 of the PLTR reports (References 1 and 2). These
figures demonstrate that the P-T curves comply with Appendix G to 10 CFR 50.

Please refer to RAI #5 of this document for a further discussion of how compliance is
demonstrated.

24)  With respect to the evaluation of plant specific surveillance data, licensees need to include
in their PTLRs the supplemental surveillance data and calculations of the chemistry factors
if the surveillance data are used for the calculations of the adjusted reference temperatures.

a. For Unit 2, the determination of chemistry factors is discussed in Section 4 of Reference 1
and the surveillance data are discussed in Section 7. The chemistry factors were determined
in accordance with Regulatory Guide 1.99, Revision 2, using Regulatory Position 1.1. The
bases for the chemical content of the vessel and surveillance plates and welds are provided
in the responses to Generic Letter 92-01 (Reference 16 in Reference 1). Additional
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25)

26)

information is also provided in the responses to RAIs #8 and #9. Surveillance data were
evaluated but they are not used for the calculations of the adjusted reference temperatures.

For Unit 3, the determination of chemistry factors is discussed in Section 4 of Reference 2
and the surveillance data are discussed in Section 7. The chemistry factors were determined
in accordance with Regulatory Guide 1.99, Revision 2, using both Regulatory Position 1.1
and 2.1. Additional information is also provided in the response to RAI #9. No
supplemental surveillance data were used.

Provide the evaluation of whether the surveillance data are credible in accordance with the
credibility criteria of RG 1.99, Revision 02.

For Unit 2, the cre'dibility of the surveillance data is established in Section 7 of Reference 1.
Additional information is also provided in the responses to RAIs #8 and #9.

For Unit 3, the credibility of the surveillance data is established in Section 7 of Reference 2.
Additional information is also provided in the response to RAI #9.

In addition, if licensees seek to use surveillance data from supplemental plant sources,
licensees must identify the source of the data, and either identify by title and number the
safety evaluation report ....; or compare the licensee’s data ... and submit the proposed
integrated surveillance program and evaluation of the data for the NRC for review and
approval.

The licensee does not seek to use surveillance data from supplemental plant sources for
either Units 2 or 3. In either case there is a plant-specific surveillance program. Four
surveillance capsules remain in each unit, and the materials in the surveillance capsules were
selected in accordance with ASTM E185-73. In neither case was it necessary or feasible to
obtain surveillance data from another reactor vessel surveillance program.
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3.2 RAI#

The ASME Code, Section Xl, Appendix G provides a methodology for calculating stress intensity
factors corresponding to membrane tension (Ky) and thermal stress (K;) for the postulated axial
defect. Calculations of Kir are based on stress influence coefficients from finite element modeling
(FEM) analyses for inside (%T) and outside (%4T) surface flaws. Calculations of the maximum
allowable Ky, are based on a closed-form solution to an equation such as 2Ky + Kir < Kic, where
Kir has been determined from solutions based on stress influence coefficients, and K,c was
determined using the equation representing the analytical approximation to the lower bound fracture
toughness curve, Kic (in ksi*sqrt(in.)) = 33.2 + 20.734exp[0.02(T - RTnpr)], Where RTypr is the
material nil- ductility transition reference temperature and T is the actual temperature of the
material.

The Combustion Engineering (CE) nuclear steam supply system (NSSS) methodology differs from
the ASME Code, Section XI, Appendix G methodology in several respects. The CE NSSS
methodology for calculating Kir is based on thermal influence coefficients from FEM analyses, as
opposed to stress influence coefficients. Furthermore, the CE NSSS methodology for calculating
K does not involve a closed-form solution based on calculations of Kir and Kic factors, and instead
applies FEM methods for estimating the K factors.

Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a discussion of the specific
methodologies that will be applied in the PTLRs for SONGS 2 and 3 for calculating stress intensity
factors at the 1/4T and 3/4T crack depth locations:

a. Discuss the methodology for calculating the thermal stress intensity factor, Kir.

b. Discuss the methodology for calculating the stress intensity factor corresponding to membrane
tension resulting from pressure loading of the reactor vessel, K. Please specify whether Ky is
determined by obtaining a closed-form solution (as prescribed by the ASME Code, Section Xi,
Appendix G) or determined by applying FEM methods (as prescribed by the CE NSSS
methodology).

Per your response to action item 21 in RAI 1, if your methodology applies the CE NSSS method for
calculating Ky stress intensity values, then your application will need to include a request for an
exemption from the requirements of 10 CFR Part 50, Appendix G for P-T limits. The need for an
exemption for calculating P-T limits using the CE NSSS method is specified in the fourth paragraph
(pages 20- 21) of Section 2.5.4 and in action item 21 (page 27) of Section 5.0 of the SE on topical
report CE-NPSD-683, Revision 6, dated March 16, 2001. The CE Owners Group (CEOG) agreed
to this requirement in their final version of topical report CE-NPSD-683, Revision 6. The
requirement for the exemption is specified in the “Note” on page 5-15 of the topical report.

Response:

Calculations of crack tip stress intensity factors due to thermal loads, Ky, are based on thermal
influence coefficients developed using two dimensional (2D) finite element analyses with linear,
quadratic and cubic temperature profiles across the vessel wall thickness. The influence
coefficients are computed for postulated inside (% thickness) and outside (% thickness) surface
flaws and are then corrected to account for the 3D elliptical geometry using the procedures of
Appendix A of Section XI of the ASME Code.

[
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a,c
4 N
- | i

Using the Ky values due to the applied pressure loading, the ASME Code procedure using the
criteria:

2Ky +Kr K¢
was followed in computing the maximum allowable for thermal transient cases, and

1.5K,, <K,

for hydrostatic test cases.

Per the conditions listed in the safety evaluation for topical report CE NPSD-683 (Reference 4)
a request for exemption from the requirements of 10CFR Part 50, Appendix G, is provided in
Appendix A of this document.
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Figure 1: FE Models used in Computing Ky due to Internal Pressure Loading
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3.3 RAI#3

In support of the NRC staff’s review of the P-T limit curves contained in the PTLR submittal, please
supplement your application with data for the through-wall thermal gradients (AT) and thermal
stress intensities (Kyr) for the 1/4T and 3/4T crack depth locations. These data are necessary for
the NRC staff to perform independent calculations of P-T limits to verify that the P-T limit curves
are at least as conservative as those that would be obtained as a result of applying the methods of
10 CFR Part 50, Appendix G, or as modified using the CE NSSS methodology. In addition, if you
are requesting to use the CE NSSS methodology for Ky determinations, please submit the plant-
specific Ky data to support the staff's review of these calculations.

Response:

a,c
~ _ )
N S

Figure 2: Unit 2 Heatup 60F/hr Through-wall Thermal Gradients at Crack Tips
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Figure 3: Unit 2 Heatup Thermal Stress Intensity Factors K;r at Outside Crack Tip

Figure 4: Unit 2 Cooldown 100F/hr Through-wall Thermal Gradients at Crack Tips
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Figure 5: Unit 2 Cooldown Thermal SIF Kt at Inside Crack Tip

The membrane stress intensity factor coefficients Kiv due to unit (1000 psi) internal pressure
loading for SONGS reactor vessel geometry with a base metal thickness of 8.625 inches for
inside and outside crack tip locations are given in the following table.

Table 1: Pressure Stress Influence Coefficients, Kim

Per the topical report (Reference 4) a request for exemption from the requirements of 10CFR
Part 50, Appendix G, is provided in Appendix A of this document.
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3.4 RAI#4

In all cases P-T limit curves must be determined using the most limiting conditions in the reactor
vessel. For heatup and cooldown transients the application of the PTLR methodology and
calculations of P-T limits must always take into consideration the different conditions at the 1/4T
and 3/4T locations during the thermal transient, and the resulting P-T limit curves must always
represent the most limiting of these conditions.

Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a discussion of how the P-T limit
curves account for the most limiting conditions in the reactor vessel. The discussion should
address the following points:

a. Please discuss how the calculation of P-T limit curves for SONGS 2 and 3 addresses heatup
and cooldown transients, specifically taking into consideration the different conditions at the
1/4T and 3/4T crack depth locations.

b. Please discuss how the calculation of P-T limit curves for SONGS 2 and 3 addresses the
assessment of the 1/4T location for steady state conditions in addition to the 1/4T and 3/4T
locations under heatup and cooldown transient conditions. Please supplement the P-T limit
curves for SONGS 2 and 3 with a P-T limit curve representing the 1/4T location under steady
state conditions.

Response: a,c

- | )

- J
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.

Figure 6: Unit 2 Steady-state P-T Curve

Figure 7: Unit 2 Heatup P-T Curves
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Figure 8: Unit 2 Heatup P-T Curve Enveloped for 5F/hr Transient

Figure 9: Unit 2 Heatup P-T Curve Enveloped for 10F/hr Transient
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Figure 10: Unit 2 Heatup P-T Curve Enveloped for 30F/hr Transient

Figure 11: Unit 2 Heatup P-T Curve Enveloped for 40F/hr Transient
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a, c
r N
- /
Figure 12: Unit 2 Heatup P-T Curve Enveloped for 60F/hr Transient
a,c

Figure 13: Unit 2 Heatup P-T Curve Envelopes
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Figure 14: Unit 2 Cooldown P-T Curves

Figure 15: Unit 2 Cooldown P-T Curve Enveloped for 100F/hr Transient
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Figure 16: Unit 2 Cooldown P-T Curve Envelopes

Figure 17: Unit 3 Steady-state P-T Curve
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Figure 18: Unit 3 Heatup P-T Curves

Figure 19: Unit 3 Heatup P-T Curve Enveloped for 5F/hr Transient
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Figure 20: Unit 3 Heatup P-T Curve Enveloped for 10F/hr Transient

Figure 21: Unit 3 Heatup P-T Curve Enveloped for 30F/hr Transient
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Figure 22: Unit 3 Heatup P-T Curve Enveloped for 40F/hr Transient

Figure 23: Unit 3 Heatup P-T Curve Enveloped 60F/hr Transient
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Figure 24: Unit 3 Heatup P-T Curve Envelopes

Figure 25: Unit 3 Cooldown P-T Curves
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Figure 26: Unit 3 Cooldown P-T Curve Enveloped for 100F/hr

Figure 27: Unit 3 Cooldown P-T Curve Envelopes

a,c
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3.5 RAI#S

Table 1 of 10 CFR Part 50, Appendix G, specifies six different minimum temperature requirements
that must be met when generating the pressure-temperature (P-T) limits for U.S. operating
pressurized water reactors (PWRs):

a. Those for pressure test conditions with the Reactor Coolant System (RCS) pressure less than
or equal to 20% of the reactor’s preservice hydrostatic test pressure.

b. Those for pressure test conditions with the RCS pressure greater than 20% of the reactor’s
preservice hydrostatic test pressure.

c. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure less than or equal to 20% of the reactor’s
preservice hydrostatic test pressure, at times the reactor is not in the critical operating mode.

d. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure greater than 20% of the reactor’s
preservice hydrostatic test pressure at times the reactor is not in the critical operating mode.

e. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure less than or equal to 20% of the reactor’s
preservice hydrostatic test pressure at times the reactor is in the critical operating mode.

f. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure greater than 20% of the reactor’s
preservice hydrostatic test pressure at times the reactor is in the critical operating mode.

Criterion 6 in Attachment 1 to GL 96-03 states that the above minimum temperature requirements
of 10 CFR Part 50, Appendix G shall be incorporated into the P-T limit curves, and PTLRs shall
identify minimum temperatures on the P-T limit curves such as the minimum boltup temperature
and the hydrotest temperature.

Section 6.0 of the SONGS 2 and 3 PTLRs, provides a listing and brief discussion of the minimum
temperature requirements that have been incorporated into the P-T limit curves for SONGS 2 and
3. However, the discussion does not adequately demonstrate how the P-T limit curves for pressure
testing conditions and normal operations with the core critical and core not critical will be in
compliance with the appropriate minimum temperature requirements as given in Table 1 to
Appendix G to 10 CFR Part 50. This information is needed to satisfy action item 23 from staff’s
safety evaluation (SE) on topical report CE-NPSD-683, Revision 6.

Per your response to action item 23 in RAI 1, update Section 6.0 of the PTLRs for SONGS 2 and 3
to provide a discussion on how the P-T limit curves will meet all of the minimum temperature
requirements mandated by Table 1 of 10 CFR Part 50, Appendix G. Include in this discussion the
value for the highest reference temperature of the material in the closure flange region that is highly
stressed by the bolt preload and how this value is applied along with minimum permissible
hydrostatic test temperature to determine minimum temperature requirements that will be applied to
the P-T limit curves for SONGS 2 and 3. This information is necessary to ensure that the SONGS 2
and 3 P-T limit curves will continue to comply with the minimum temperature requirements of Table
1 of 10 CFR Part 50, Appendix G, and that the PTLR will conform to the provisions of Criterion 6 in
Attachment 1 to Generic Letter (GL) 96-03.
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Response:

The P-T limit curves for pressure testing conditions and normal operations with the core critical
and core not critical are in compliance with the appropriate minimum temperature requirements
given in Table 1 of Appendix G to 10 CFR Part 50. This is demonstrated by the explanation
and figures provided hereafter. Each of the six minimum temperature requirements a) through
f) are specifically identified for clarity.

Unit 2

Design pressure = 2,500 psia (2,485.3 psig)

Normal operating pressure = 2,250 psia (2,235.3 psig)

Preservice hydrostatic pressure = 3,125 psia (3,110.3 psig)

Minimum bolt-up temperature = 65°F (Ref.12)
Flange region RTnpr =20°F (Ref.11)
Initial piping, pumps and valves RTnpr = 90°F (Ref.13)
Adjusted RTyprat Y4 t for 32 EFPY =137.3°F

Adjusted RTnprat¥%t for 32 EFPY =116.6°F

20% Preservice hydrostatic pressure =0.2 (3,125 psia) = 625 psia

Preservice hydrostatic pressure with correction for instrument uncertainty
= 20% preservice hydro pressure + RCS instrument uncertainty

= 625 psia - 97.8 psi = 527.2 psia

Inservice hydrostatic pressure= 1.1 (Operating Pressure) + Pressurizer instrument uncertainty
= 1.1 (2,250 psia) + 81 psi = 2,556 psia

. J
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Figure 28 shows the minimum pressure and temperature requirements for hydrostatic test and
heatup transients for Unit 2. Minimum requirements for cooldown transients for control room and

remote shutdown panel are shown in Figures 29 and 30, respectively.
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Unit 3

Design Pressure = 2,500 psia (2,485.3 psig)

Normal Operating Pressure = 2,250 psia (2,235.3 psig)

Preservice Hydrostatic Pressure = 3,125 psia (3,110.3 psig)

Minimum Bolt-up Temperature = 65°F (Ref.12)
Flange Initial RTnpt = 40°F (Ref.15)
Initial piping, pumps and valves RTnpr =90°F (Ref.13 & 16)
Adjusted RTnprat % t for 32 EFPY = 145.8°F

Adjusted RTnprat¥%t for 32 EFPY = 125.5°F

20% Preservice hydrostatic pressure = 0.2 (3,125 psia) = 625 psia

Preservice hydrostatic pressure with correction for instrument uncertainty
= 20% preservice hydro pressure + RCS instrument uncertainty
= 625 psia - 97.8 psi = 527.2 psia

Inservice hydrostatic pressure= 1.1 (Operating Pressure) + Pressurizer instrument uncertainty
= 1.1 (2,250 psia) + 81 psi = 2,556 psia
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Figure 31 shows the minimum pressure and temperature requirements for hydrostatic test and
heatup transients for Unit 3. Minimum requirements for cooldown transients for control room and

remote shutdown panel are shown in Figures 32 and 33, respectively.
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Figure 28: Unit 2 Heatup P-T Curves with Min. Temperature Requirements, Control Room

Figure 29: Unit 2 Cooldown P-T Curves with Min. Temperature Requirements, Control Room
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.

Figure 30: Unit 2 Cooldown P-T Curves with Min. Temperature Requirements, Remote Shutdown

\.

Panel

Figure 31: Unit 3 Heatup P-T Curves with Min. Temperature Requirements, Control Room
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Figure 32: Unit 3 Cooldown P-T Curves with Min. Temperature Requirements, Control Room

.

Figure 33: Unit 3 Cooldown P-T Curves with Min. Temperature Requirements, Remote Shutdown

Panel
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3.6 RAI#6

Section 5.0 of the PTLRs for SONGS 2 and 3 provides a footnote indicating that pressure and
temperature limit values are adjusted for instrument uncertainty, and for RCS pressure and
elevation effects. Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a detailed
discussion of how instrument uncertainties are treated in the development of the PTLR P-T limit
curves for SONGS 2 and 3. Include in this discussion numerical values for the instrument
uncertainties as well as numerical values for factors that compensate for RCS pressure and
elevation effects. Please discuss how these factors are applied in the calculation of the P-T limit
curves.

Response:

Tables 5-1, 5-2 and 5-3 of the SONGS PTLRs (References 1 and 2) each have a footnote
explaining that the tabulated values have been adjusted for instrument uncertainty and for RCS
pressure and elevation effects. Additional detail as below will be added to Section 5 of
References 1 and 2 to explain these footnotes.

The calculated reactor vessel pressure and temperature limit values are adjusted for instrument
uncertainty, and for RCS pressure and elevation effects. Section 3.4.2 of the topical report
(Reference 4) provides a description of the development of these RCS pressure and elevation
effects.

These adjustments ensure that the analytical beltline P-T limits are conservatively interpreted by
pressurizer pressure and RCS temperature instrumentation. The pressure values are adjusted
using pressure correction factors (PCF), and the temperature values are adjusted for temperature
instrumentation uncertainty.

The pressure correction factors applied to Tables 5-1, 5-2 and 5-3 consist of three components:

1. pressure differential corresponding to water head between the pressurizer water level and
the reference point in the reactor vessel (APgrgv),

2. flow-induced pressure drop between the reactor vessel downcomer and the surge nozzle
in the hot leg (APfLow; a value that depends on the number of operating RCPs), and

3. pressurizer pressure instrumentation loop uncertainty (APstr).

These components are individually established using conservative assumptions, then summed
into the PCF. The PCF values are subtracted from the analytical values to conservatively reduce
the allowable pressure limit. The explicit PCF values used for the SONGS units are dependent

- upon the number of operating RCPs and on the available instrumentation. Thus, the following
PCFs are applied to the analytical pressure limits:
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Pressure Correction Factors
(with instrument uncertainty)
Low Range Wide Range

Control Room: <700 psia
<340 °F (2 RCP Operating) PCF = 97.8 151.3  psid
> 340 °F (3 RCP Operating) PCF = 117.8 171.3  psid
Remote Shutdown Panel: < 1600 psia
<340 °F (2 RCP Operating) PCF = 146.3 151.3  psid
> 340 °F (3 RCP Operating) PCF= 166.3 171.3  psid

The data in Tables 5-1, 5-2 and 5-3 of References 1 and 2 are also adjusted for temperature
instrumentation uncertainty. For SONGS, a conservative temperature uncertainty of 18.5°F is
added to the analytical values for both the control room and the remote shutdown panel
instrumentation. :

3.7 RAI#7

The proposed P-T limit curves included in Section 5.0 of the PTLRs for SONGS 2 and 3 are
proposed to be effective through 32 effective full power years of operation (EFPY). The existing
P-T limit curves contained in the Technical Specifications (TS) are stated to be effective through 20
EFPY. Confirm whether the changes to the P-T limit curves included in Section 5.0 of the PTLRs
for SONGS 2 and 3 reflect only the increase in the EFPY for which the curves will be applied. If
there are other factors, such as different parameters or methods, which contribute to the changes
to the curves, provide a detailed discussion of these factors and how they affect the PTLR P-T limit

curves.

Response:

The changes to the P-T limit curves included in Section 5.0 of the SONGS 2 and 3 PTLRs
reflect the combined effect of the increase in the EFPY, via a higher RTnpt shift from 20 to 32
EFPY, in conjunction with the use of the crack arrest allowable, Kic, instead of the crack
initiation allowable, Kia. The P-T limit curves included in Section 5.0 of the PTLRs are
effective through 32 effective full power years of operation and are based on a 32 year RTnpr
shift using the K¢ allowable. The P-T limit curves contained in the Technical Specifications
(TS) are effective through 20 EFPY and are based on a RTnpr shift of 20 years using the K4
allowable.

LTR-RCPL-05-153 Attachment 2 Page 39 of 54



WESTINGHOUSE NON-PROPRIETARY CLASS 3

3.8 RAI#8

Criterion 7 of the Table in Attachment 1 to GL 96-03 specifies that an analysis of the credibility of
the surveillance data must be provided in the PTLR. Regulatory Position 2.1 of Regulatory Guide
(RG) 1.99, Revision 2 specifies that when two or more credible surveillance data sets become
available from the reactor in question, they may be used to determine the Adjusted Reference
Temperature (ART) values. If the procedure of Regulatory Position 2.1 for determining the ART
values based on the surveillance data results in a higher value for the ART than that given by using
the procedures of Regulatory Position 1.1 of the RG, RG 1.99, Revision 2 specifies that the
surveillance data should be used for the ART and chemistry factor determination. If the procedure
of Regulatory Position 2.1 results in a lower value for the ART, either may be used.

Please confirm that the credibility analysis of the SONGS 2 surveillance data from Section 7.0 of
the SONGS 2 PTLR demonstrated that the surveillance data sets for SONGS 2 are credible.

Section 7.0 of the SONGS 2 PTLR states that the surveillance data were not used to generate a
chemistry factor in accordance with the methodology prescribed in Regulatory Position 2.1 of RG
1.99, Revision 2. Please confirm whether the ART values for the limiting materials were calculated

using the procedure of Regulatory Position 1.1 of RG 1.99, Revision 2.

If the procedure of Regulatory Position 1.1 of RG 1.99, Revision 2 was used to calculate the ART
values for the limiting materials, please indicate why this is an acceptable procedure, given the
credibility of the surveillance data.

Please supplement Section 7.0 of the PTLR for SONGS 2 with the following information:

a. Table 7-1 of the SONGS 2 PTLR provides chemistry factors for the two surveillance
materials plate C-6404-2 and weld 9-203. Please indicate how these chemistry factors were
derived.

b. There is no explicit calculation in the SONGS 2 PTLR demonstrating that chemistry factor
values for the limiting materials derived from the tables in RG 1.99, Revision 2 would result
in limiting ART values that are more conservative than those determined using chemistry
factors derived from surveillance data. Per your response to action item 24 in RAl 1 please
supplement Section 7.0 of the PTLR for SONGS 2 with detailed calculations of the
chemistry factors for each of the surveillance materials based on the calculation methods
specified in Regulatory Position 2.1 of RG 1.99, Revision 2.

The calculations of the chemistry factors for the surveillance materials for SONGS 3, provided in
Table 7-1 of the SONGS 3 PTLR represent an acceptable format for presenting surveillance
material chemistry factor calculations.

Response:

It is confirmed that a credibility analysis was performed in accordance with Regulatory Guide
1.99, Revision 2, and it was determined that all of the credibility criteria were met for the
SONGS 2 surveillance base plate (Plate C-6404-2) and surveillance weld (Weld 9-203). It is
also confirmed that ART values for all the SONGS 2 reactor vessel beltline materials were
calculated using Regulatory Position 1.1 of RG 1.99, Revision 2. The results of that calculation
are reported in Table 4-4 of Reference 1. Additional details are provided in the specific

responses to questions 8.a and 8.b.
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Information on the selection of materials for inclusion in the Unit 2 surveillance program is
provided in Reference 17. The selection followed the procedures of ASTM E-185-73, Annex
A-1. Two surveillance capsules have been removed from Unit 2, those from the 97° and 263°
locations. Data from those capsules were used to compute an Adjusted Reference Temperature
(ART) using Regulatory Guide 1.99, Revision 2, Regulatory Position 2.1. The ART values for
plate C-6404-2 and the surveillance weld determined from the surveillance data were less than
that predicted for plate C-6404-5 using Position 1.1 of RG 1.99. That is, the two surveillance
data sets do not represent the limiting vessel material. The responses to questions 8.a and 8.b
below provide additional information regarding the treatment of the surveillance data.

The heatup and cooldown limits and the assessment of R Tprs require the determination of the
highest (i.e., limiting) value of ART. These values are reported in Section 4 of Reference 1.
The limiting material (highest ART value at 1/4T or 3/4T based on Regulatory Position 1.1 of
RG 1.99, Revision 2) for the SONGS 2 reactor vessel beltline is plate C-6404-5. The ART for
plate C-6404-2 based on the credible surveillance data and Regulatory Position 2.1 is lower than
that for the limiting plate. The ART for the surveillance weld based on the credible surveillance
data and Regulatory Position 2.1 is also lower than that for the limiting plate. The predicted
values of RTprs are in the same relative order as the ART values. Hence, the procedure used
produces a more conservative value for the SONGS 2 reactor vessel than that obtained using the
credible surveillance data and Regulatory Position 2.1. New surveillance data will be reviewed
in accordance with the requirements in effect.

a. Response to RAI#8.a

The chemistry factors for the surveillance materials provided in Table 7-1 of Reference 1 are
obtained from Tables 1 and 2 of RG 1.99, Revision 2, based on the following copper and
nickel content:

CF = 65°F for Plate C-6404-2, based on 0.10% copper content and 0.60% nickel
content per Reference 18. Also, refer to Table 2 in the response to 8.b, below.

CF =31.1°F for Weld 9-203, based on 0.03% copper content and 0.14% nickel
content. These represent the average values of the 97° and the 263° surveillance
capsules per Reference 20. Baseline analysis showed 0.03% copper content and
0.12% nickel content (Reference 20), which corresponds to a slightly lower CF =
29.8°F.

b. Response to RAI#8.b

Two analyses were performed by Combustion Engineering Chattanooga Laboratory on Unit
2 reactor vessel beltline plates and welds (Reference 18), including intermediate shell Plate
C-6404-2 and lower shell Plate C-6404-5. The copper and nickel content based on these
analyses results are provided in Table 2.

Table 2: Copper and Nickel Content by Weight (percent)

Plate First Analysis Second Analysis Average
Cu Ni Cu Ni Cu Ni
C-6404-2 0.10 0.58 0.10 0.60 0.10 0.59
C-6404-5 0.11 0.62 0.11 0.67 0.11 0.65
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Per Table 2 of Regulatory Guide 1.99 (Reference 19), the chemistry factor for Plate C-6404-
2 is 65°F, and the chemistry factor for C-6404-5 is 75°F based on the average Cu and Ni

values provided in Table 2 above.

b.1 ART for Intermediate Shell Plate C-6404-2

The following two surveillance data sets are available for intermediate shell Plate C- 6404-2:

i) The 97° surveillance capsule, which was removed from the reactor vessel during the
Cycle 4 refueling outage, i.e., at the end of Fuel Cycle 3, and

it) The 263° surveillance capsule, which was removed from the reactor vessel during the
Cycle 11 refueling outage, i.e., at the end of Fuel Cycle 10.

The SONGS Unit 2 surveillance data were evaluated to show that the base plate and the
weld met the five credibility criteria provided in RG 1.99, Revision 2. The Adjusted

Reference Temperature (ART) can be calculated for intermediate shell Plate C-6404-2 and
Weld 9-203 based on the two credible surveillance data sets as follows: '

e Per Reference 20, the fluence values are 0.507 for the 97° surveillance capsule, and
2.188 for the 263° surveillance capsule (units:10'® n/cm?). The corresponding fluence
factor (ff = f*28- 011020y yajyes are calculated per Position 1.1. It follows that:

ff = 0.810 based on the 97° surveillance capsule, and
ff = 1.212 based on the 263° surveillance capsule

The sum of the squares, = ff%, is given by:

T ff=0.812+1.2122=2.127

¢ Per Reference 8.4, the measured ARTypt values are:

ARTnpr= 41°F for the 97° surveillance capsule
ARTnpr = 88°F for the 263° surveillance capsule

It follows that:

T (ffx ARTnpr) = 0.810 x 41 + 1.212 x 88 = 139.9°F
e Per Position 2.1, the chemistry factor, CF, is given by:

CF = Z (ffx ARTypr) Z ff = 65.8°F _

e The values of f, ff and ARTnpr projected for 32 EFPY are calculated using Position 1.1
methodology with x = 2.375 inches at the 1/4 T location:

f=2.4436(x10" n/cm?)
ff=1.2405
ARTnpr= CF x ff=81.6°F
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e The projected Adjusted Reference Temperature (ART) for Plate C-6404-2 for 32 EFPY
at the 1/4 T location is calculated based on Position 1.1 as follows:

ART =Initial RTnpt + ARTNnDT + Margin

where
Initial RTypt = 20°F per Reference 18
Margin = 17°F per Position 2.1
Therefore,

ART=20+81.6 + 17 = 118.6°F
In the above analysis, the fluence value for the intermediate shell plates was used.

b.2 ART for Lower Shell Plate C-6404-5

e Per Table 2 of Reference 19, CF = 75°F for lower shell Plate C-6404-5.
e Per Reference 8.2, the projected surface fluence for 32 EFPY =4.3707 (x10'° n/cm?).

s Using Position 1.1 calculation methodology, the projected fluence for 32 EFPY at the
1/4T location for lower shell plates is:

f=2.4717 (x10" n/cm?)
ff=1.2434

e The projected shift, ARTnpr, is given by:
ARTnpTr=CF x ff=93.3°F
Initial RTnpr= 10°F (Reference 18)
Margin = 34°F (per Position 1.1)

o It follows that ART for Plate C-6404-5 projected for 32 EFPY at the 1/4 T location is
given by:
ART = Initial RTnpt + ARTnpt + Margin
=10+93.3+34=137.3°F

In the calculation above, the fluence values for the lower shell plates were used.

Based on the analyses results in Sections b.1 and b.2 above, the ART for Plate C-6404-5
(137.3°F) is higher then that for Plate C-6404-2 (118.6°F), so Plate C-6404-5 is bounding.

b.3 ART for Lower Shell Weld 9-203

» PerReference 18, the results of the chemical analysis performed by Combustion
Engineering on Weld 9-203 showed an as-deposited copper content of 0.07% and nickel
content of 0.29% by weight. The chemistry factor CF = 69 per Table 1 of Reference 19.

e Using the values of f=2.4717 (x10" n/em?), and ff= 1.2434 calculated for the lower
shell at the 1/4T location in Section b.2 above, ART for Weld 9-203 can be calculated as
follows: '

ART = Initial RTnypr + ARTNpT + Margin
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where
Initial RTypr = -60°F per Reference 18
Margin = 56°F per Position 1.1
ARTypr= CF x ff = 85.8°F

Therefore,

ART=-60+ 85.8 + 56 = 81.8°F

o Alternatively, two sets of surveillance data exist for Weld 9-203. Using Position 2.1,
Weld 9-203 ART of 8.4°F is calculated in the response to RAI #9.

Therefore, the value of CF = 69°F calculated based on Position 1.1 is higher than that based
on Position 2.1 using the surveillance data, CF = 32.5. Hence, the bounding estimate of
ART for Weld 9-203 is 81.8°F. Note that the ART value of 137.3°F for Plate C-6404-5 is
actually bounding and was used to generate the P-T curves.

New surveillance data will be reviewed in accordance with the requirements in effect.
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3.9 RAI #9

Regulatory Position 2.1 of RG 1.99, Revision 2 states that if there is clear evidence that the copper
or nickel content of the surveillance weld differs from that of the vessel weld, the measured values
of ART should be adjusted by multiplying them by the ratio of the chemistry factor for the vessel
weld to that for the surveillance weld.

Please indicate in the SONGS 2 and 3 PTLRs whether the copper and nickel content of the
surveillance weld differs from that of the vessel weld. If so, please supplement Section 7.0 of the
PTLRs for SONGS 2 and 3 with detailed calculations for determining the adjustments to the
measured values for DRT for the surveillance weld, and indicate whether these adjusted values of
DRT were used in the determination of the chemistry factor for the surveillance weld.

Response:
SONGS Unit 2

The copper and nickel content for the surveillance weld for Unit 2 differs from the as-deposited
vessel weld, Weld 9-203, as shown in Table 3. Table 3 also provides the chemistry factor
obtained using Table 2, RG 1.99, Revision 2.

Table 3: SONGS 2 Best Estimate Weld Chemical Composition

0 10 CF
Weld Cu% Ni % (°F)
Vessel Weld 9-203' 0.07 0.29 69
Surveillance Weld” 0.03 0.12 30
Surveillance Weld"™’ 0.03 0.15 32

(1) Reference 18.
(2) Reference 21.
(3) Reference 18 provided these values based on analysis of the 97° capsule.

The value CF = 31.1°F was reported in Reference 20, and is considered reasonable based on the
data in Table 3 above.

Table 4 provides the fluence values, the fluence factors and the measured ARTnpr values for the
97° and the 263° surveillance capsules. The table also provides the adjusted AR Tnpr values
obtained per Position 2.1 as follows:

Adjusted ARTnpr = measured ARTnpr values multiplied by the ratio of chemistry factors;
where the ratio is the vessel weld chemistry factor divided by the surveillance weld chemistry
factor. It follows that the ratio of chemistry factors'= 69/31.1=2.22.
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Table 4: Adjusted Unit 2 Weld ART Based on Chemical Composition

£ Measured Adjusted

19 2 ff ARTnpr ARTnpr
(10" n/cm®) (°F) (°F)
97° capsule 0.507 0.810 4.0 8.9
263° capsule 2.188 1.212 23.0 51.0

(2) The fluence values werc obtained from Reference 20.

Using the two sets of data in Table 4, the value of ART for 32 EFPY is calculated as follows:

T =12.127
>(ff x ARTnpr) = 0.810 x 8.9 + 1.212 x 51.0 = 69.1°F

Per Position 2.1, the chemistry factor, CF, is given by:
CF = X (ff x ARTnpr) = ff* = 32.5°F

Per Reference 20, the extrapolated fluence value (f) for the lower shell for 32 EFPY is 2.472
(x10"° n/cm®), and the corresponding fluence factor (ff) is 1.243. It follows that:

ARTnpr=32.5 % 1.243 = 40.4°F

Therefore, the projected ART value for 32 EFPY is given by:

ART = Initial RTnpr + ARTnpr + Margin
=-60 +40.4 + 28 = 8.4°F
where

Initial RTnpr = -60°F per Reference 18
Margin = 28°F per Position 2.1

The projected ART value of 8.4°F calculated for Weld 9-203 for 32 EFPY is significantly lower
than the limiting ART of 137.3°F for Plate C-6404-5, calculated as part of the response to RAI
#8 above. The ART value of 137.3°F was used to generate the P-T curves.

SONGS Unit 3

The copper and nickel content for the surveillance weld for Unit 3, Weld 9-203, differs from the
as-deposited vessel weld as shown in Table 5. Table 5 also provides the chemistry factor
obtained using Table 2, RG 1.99, Revision 2.

For the purpose of this calculation, the vessel as-deposited weld CF = 33.6°F and surveillance
weld CF = 27.2°F are conservatively used to maximize the adjustment to AR Tnpr.
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Table 5: SONGS 3 Best Estimate Weld Chemical Composition

Cu% Ni % (Eg

Vessel Weld 9-203 (¥ 0.06 0.04 33.6

Vessel Weld 9-203 ¢V 0.05 0.04 30.6

Surveillance Weld (V) 0.03 0.11 29.2

Surveillance Weld (V 0.03 0.09 27.9

Surveillance Weld @ 0.03 0.08 27.2
(1) Reference 18.
(2) Reference 22.

Examination of Table 5 shows that the available chemical analysis measurements for the
surveillance weld and the vessel weld are essentially the same, and no adjustment to the values
of ARTnpr is warranted. Table 6 provides the fluence values, the fluence factors and the
measured ARTnpt values for the 97° and the 263° surveillance capsules.

Table 6: Unit 3 Surveillance Weld ARTnDT

£t g | Measured ARTnpr
(10" n/em®) (°F)
97° capsule 0.8 0.937 29
263° capsule 2.471 1.243 72

(1) The fluence values were obtained from Reference 23.

Using the two sets of data in Table 6, the value of ART for 32 EFPY is calculated as follows:

T 2 =2.424
T (ffx ARTnpr) = 0.937 x 29 + 1.243 x 72 = 116.7°F

Per Position 2.1, the chemistry factor, CF, is given by:

_ S(ff x ARTypy)

T O = 48.1°F

CF

Per Reference 23, the extrapolated fluence value (f) for the lower shell for 32 EFPY is 2.37
(x10'"° n/cm?), and the corresponding fluence factor (ff) is 1.233. It follows that: '

ARTnpr=48.1 x 1.233 =59.3°F

Therefore, the projected ART value for 32 EFPY is given by:
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ART = Initial RTypr + ARTnpt + Margin
=-50+59.3 +28 =37.3°F
where

Initial RTypt = -50°F The higher of the two values reported in Reference 18

and
Margin= 28°F Per Position 2.1.

The projected ART value of 37.3°F calculated for Weld 9-203 for 32 EFPY is significantly
lower than the limiting ART of 145.8°F for Plate C-6802-1, which was used to generate the P-T
curves for Unit 3. The projected ART value calculated using Position 1.1 is 33.3°F, which is
similar to that calculated using Position 2.1.
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Appendix A

Justification for Exemption to Apply Alternate Method of Calculating the
Stress Intensity Factor Ky due to Internal Pressure Loading for
San Onofre Units 2 and 3

Introductorv Statements:

Pursuant to 10CFR50.90, Southern California Edison (SCE) hereby requests the use of an alternate
methodology for calculation of crack tip stress intensity factor Ky for San Onofre Nuclear
Generating Station (SONGS) Units 2 and 3 reactor vessel beltline regions subjected to internal
pressure loading. This alternate methodology by Westinghouse has been used in topical report CE
NPSD-683, Revision 6, dated March 16, 2001. This methodology was developed and used in 1998
for Indian Point Unit 3 in a previous submittal report (Docket No. 50-286, TAC No. M99928). The
approach was reviewed by the NRC and concluded to be acceptable (Section 2.5.4 paragraph 4 of

the report).
A justification for the application of this alternate method to SONGS is given below.

Justification for Exemption

10 CFR 50.60(b) allows usage of alternatives to the requirements described in Appendix G and H of
10 CFR 50 when the exemption is granted by the NRC.

In accordance with 10 CFR 50.12(a), Southern California Edison (SCE) requests an exemption from
the regulations of 10CFR 50.60, “Acceptance Criteria for Fracture Prevention Measures for Light-
Water Nuclear Power Reactors for Normal Operation.” The exemption request would allow
SONGS Units 2 and 3 to use an alternate methodology for calculation of crack tip stress intensity

factor Kym for SONGS reactor vessel beltline regions subjected to internal pressure loading, in lieu
of the methodology cited in ASME Boiler and Pressure Vessel Code, Appendix G.

10 CFR 50.12(a) states that the NRC may grant exemptions from the requirements of the
regulations contained in 10CFR50 which are:

1) authorized by law;

2) will not present an undue risk to the public health and safety;

3) consistent with the common defense and security; and

4) special circumstances, as defined by 10 CFR 50.12(a)(2) are present.

The standards for the exemption are justified, as described below.

1) The requested exemption is authorized by law.

The NRC is authorized by law to grant this exemption. Requirements in 10 CFR 50.60 state
that the use of alternative methods to 10 CFR 50, Appendix G is acceptable when an
exemption is granted by the NRC.
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2) The requested exemption does not present an undue risk to the public health and
safety.

The proposed exemption request has no impact on the safe operation of the plant. An
exemption from the requirements would allow the use of an alternate methodology to
calculate the membrane loading stress intensity factor. Specifically, this methodology uses a
finite element base influence function under internal pressure loading. The results of this
methodology are comparable to the results obtained using the ASME Appendix G
methodology as demonstrated below.

ASME Code uses the procedure in Article G-2214 for axial surface flaws. In this procedure,
stress intensity factor under internal pressure loading is given by (U.S. Customary units)

PR,
Ky =My (‘t_

The magnification factor My for inside axial flaws is given by:

M, =185 forf<2or t<4
M, =0.926t for 2<+/t <3.464 or 4<1<12
M,, =3.21 for \/t >3.464 or t>12

and for outside flaws by:

M, =177 fort<2or t<4
M,, =0.893+/r for 2<+/t <3.464 or 4<1<12
M,, =3.09 for v/t >3.464 or t >12

where:
Ky is the stress intensity factor for membrane loads (ksiVin);
p is the internal pressure (ksi);
R; is the vessel inner radius (in); and
t is the vessel wall thickness (in).

R
kp =M, ('t—I)

and the applied stress intensity factor Ky for any given pressure, p, in ksi, is given by
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Ky = pky,
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FEMSs used in Computing kv due to Internal Pressure Loading
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Therefore, this exemption request does not present an undue risk to the public health and
safety.

3) The requested exemption will not endanger the common defense and sécurity.
The common defense and security are not affected by this exemption request.

4) Special Circumstances, as defined by 10 CFR 50.12(a)(2) are present.

10 CFR 50.12(a)(2) states that the NRC will not consider granting an exemption unless
special circumstances are present. This exemption meets the special circumstances listed in
10 CFR 50.12(a)(2)(ii).

10 CFR 50.12(a)(2)(ii) — Application of the regulation in the particular circumstances would
not serve the underlying purpose of the rule or is not necessary to achieve the underlying
purpose of the rule.

The primary purpose of 10 CFR 50.60 is to protect the reactor vessel against non-ductile
failure. The use of the Westinghouse alternate methodology requested by this exemption
provides greater operational flexibility while still maintaining reactor vessel integrity. In
addition, use of the Westinghouse methodology to generate pressure-temperature curves
yields comparable results to the use of the ASME Appendix G methodology. Therefore, the
reactor vessel is protected against non-ductile failure and the underlying purpose of the rule
is achieved.

Conclusion

The use of the Westinghouse alternate methodology to calculate the membrane stress intensity
factor, Kpv, provides comparable results to that of the ASME Section X1, Division I, Appendix G,
and provides adequate protection of the reactor vessel against non-ductile failure.
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1.0 BACKGROUND

In November 2004, WCAP-16005-NP, Rev. 03, “San Onofre Nuclear Generating Station Unit 2
RCS Pressure and Temperature Limits Report” and WCAP-16167-NP, Rev. 0, “San Onofre Nuclear
Generating Station Unit 3 RCS Pressure and Temperature Limits Report” were provided to

Southern California Edison. These reports were then submitted to the NRC by SCE as part of a
request for license amendment.

The NRC has reviewed these submittals and has compiled a list of requests for additional
information (RAIs). This document provides responses to these RAIs.

2.0 QUALITYASSURANCE

This work was completed under the requirements of the Westinghouse Quality Assurance Program
(Reference 9). References are provided at the end of this document following the RAI responses.

3.0 RESPONSES TO REQUESTS FOR ADDITIONAL INFORMATION

Each NRC RAl is listed by number and is followed by a response.

3.1 RAI#1

In the staff’s safety evaluation (SE) on topical report CE-NPSD-683, Revision 6, dated March 16,
2001, the staff included 26 action items that would need to be addressed in a pressure-
temperature (P-T) limits report (PTLR) license amendment request that invoked the methods of the
topical report. Your PTLR submittal of January 28, 2005, does not specifically identify how the
proposed San Onofre Nuclear Generating Station, Umts 2and 3 (SONGS 2 and 3) PTLRs resolve
the action items in the SE of March 16, 2001. -

The staff requests that you supplement your application with your responses to these 26 action
items. If your PTLR submittal already includes information that satisfies any of these action items,
please specify which information in the PTLR satisfies resolution of a particular action item. If the
PTLR does not include information which satisfies a particular action item, please provide
supplemental information which satisfies resolution of the particular action item of concern.

The staff recognizes that several of these action items have become obsolete due to updates in
the allowable editions and addenda of the American Society of Mechanical Engineers Boiler and
Pressure Vessel Code (ASME Code), Section Xl, Appendix G, which have been incorporated by
reference in Title 10 of the Code of Federal Regulations, Part 50 (10 CFR Part 50). If such an
action item falls under this category please designate it as such.
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Response:

Responses to the 26 action items of the SE are provided with respect to the SONGS Unit 2 and
SONGS Unit 3 PTLRs prepared by Westinghouse in WCAP-16005-NP, Revision 3 for Unit 2 and
WCAP-16167-NP, Revision 0 for Unit 3 (References 1 and 2, respectively). For each numbered
response below the NRC action item is paraphrased and is followed by a statement as to how the
action has been addressed in the respective PTLR, if it has become obsolete, or if it is addressed in a
response to another RAIL

1)

2)

3)

9

Describe the methodology used to calculate the neutron fluence values for the reactor vessel
materials.

. Describe whether the methodology used is consistent with Draft Regulatory Guide 1053.

Section 1.0 of References 1 and 2 state that the neutron fluence methodology is consistent
with the guidance of Regulatory Guide 1.190.

. Describe the computer codes used to calculate the neutron fluence.

The computer codes used to calculate the neutron fluence are described in Section 1.1.1 of
References 1 and 2.

. Describe how the computer codes used to calculate the neutron fluence were benchmarked.

The computer codes used to calculate the neutron fluence were benchmarked as described in
Section 1.4 of References 1 and 2.

Provide the values of neutron fluence used for the adjusted reference temperature
calculations including the values for the inner surface (ID), % T and % T locations.

. For Unit 2, Section 4, Tables 4-2 and 4-3 and Subsection 4.4 of Reference 1 provide the

following geak values at 32 EFPY: clad/base metal interface is 4.147x10" n/em?; % T is
2.472x10" n/em?; % T is 0.878x10" n/cm’.

. For Unit 3, Section 4, Tables 4-2 and 4-3 and Subsection 4.4 of Reference 2 prowde the

following g)eak values at 32 EFPY: clad/base metal interface is 3.976x10" n/em?; ¥ T is
2.370x10" n/em? % T is 0.8419x10'° n/cm”.

Provide the surveillance capsule withdrawal schedule in the PTLR or by reference.

The surveillance capsule withdrawal schedule is prov1ded in Section 2, Table 2-2 of
References 1 and 2.

Reference the surveillance capsule reports by title and number if the RTnpr values are
calculated using RPV surveillance capsule data.

The title and number of the surveillance capsule reports are given in References 4 and 15 of
Reference 1 (Unit 2) and Reference 2 (Unit 3).
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5)

6)

7)

8)

9

10)

11)

Provide a description of the analytical method used in the energy addition transient
analysis.

This information is provided in Section 3.2.1.3 of the References 1 and 2, and also in the
Reference 18 document of these references.

Provide a description of the analytical method used in the mass addition transient analysis,
if different from that in Section 3.3.5 of the topical report.

This information is provided in Section 3.2.1.2 of References 1 and 2. Also, this section of
References 1 and 2 will be revised to remove the statement "...and the equivalent mass
addition that results from energy additions" in order to be consistent with the supporting
analyses of record. The reference to equivalent mass additions incorrectly implies additional
contributions to the transient are provided by the pressurizer heaters and by decay heat.

Provide a description of the method for selection of relief valve setpoints.
This information is provided in Section 3.2.1.1 of References 1 and 2.

Provide a justification for use of subcooled water conditions or a steam volume in the
pressurizer.

The RCS is considered water solid for the transients as described in Section 3.2.1 of
References 1 and 2. ‘

Provide a justification for a less conservative method for determination of decay heat
contribution if the method used is less conservative than the “most conservative method"”
described in the topical report;

The analyses of record that support the SONGS Units 2 and 3 LTOP energy addition and
mass addition transients were performed using methodologies that preceded approval of the

methods described in the topical report. The SONGS energy addition analysis used an
assumed value of 1% decay heat, relevant to approximately 3.5 hours post shutdown. This

is considered a conservative estimate of the cooldown time needed to achieve the LTOP
enable temperature, and is therefore conservative for the decay heat contribution. As noted
in Action Item 6 of the staff’s safety evaluation, the SONGS mass addition transient does
not include decay heat contribution.

Provide justification for operator action time used in transient mitigation or termination.

The transient analyses of References 1 and 2 that support SONGS Units 2 and 3 do not
assume operator action for mitigation of the transients.

Provide correlations used for developing power operated relief valve (PORV) discharge
characteristics.

SONGS Units 2 and 3 do not have PORVs and therefore do not credit pressurizer PORV
discharge characteristics in the LTOP transient analyses.
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12)

13)

19)

15)

16)

17)

Provide spring relief valve discharge characteristics if different from those described in the
topical report or if the peak transient pressure is above the set pressure of the valve plus 10
percent.

This information is provided in Section 3.2.1.1 of References 1 and 2.

Provide a description of how the reactor coolant temperature instrumentation uncertainty
was accounted for.

Refer to the response to RAI #6.

Provide a justification for the mass and energy addition transient mitigation which credit
presence of nitrogen in the pressurizer.

SONGS Units 2 and 3 do not credit the presence of nitrogen in the pressurizer in the LTOP
transient analyses.

Identify and explain any other deviation from the methodology included in Section 3.0 of the
topical report.

There are no other deviations from the methodology described in Section 3.0 of References
1 and 2.

With respect to the methods used to calculate the adjusted reference temperature, identify
the limiting materials and corresponding RTypr values at % T and % T (where “T” is vessel
thickness). '

For Unit 2, the RTnpr values at 32 EFPY at the % T and % T locations are provided in
Section 4 of Reference 1. Those values are 137.3°F for lower shell plate C-6405-5 and
116.6°F for lower shell plate C-6405-4, respectively.

. For Unit 3, the RTnpr values at 32 EFPY at the % T and % T locations are provided in

Section 4 of Reference 2. Those values are 145.8°F and 125.5°F respectively for
intermediate shell plate C-6802-1.

Identify the limiting material and corresponding RTprs value calculated in accordance with
10 CFR 50.61.

For Unit 2, the RTprs value at 32 EFPY at the limiting location is provided in Section 4 of
Reference 1. That value is 146.3°F for lower shell plate C-6405-5.

. For Unit 3, the RTpys value at 32 EFPY at the limiting location is provided in Section 4 of

Reference 2. That value is 154.6°F for intermediate shell plate C-6802-1.
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18)

19)

20)

Ensure that the ferritic RPV materials that have accumulated neutron fluence in excess of
Ix10" n/cm? will be assessed according to Section 4 of the topical report (Reference 4),
regardless of whether the materials are located within the region immediately surrounding
the active core.

For both Units 2 and 3, each ferritic plate and weld material located within the region
immediately surrounding the active core was evaluated to identify the limiting material at
the ¥ T and % T locations. The results of that evaluation are provided in Table 4-4 of
References 1 and 2. The adjusted RTnpr values for the limiting materials were used to
establish the heatup and cooldown limits. All of the materials assessed in Table 4-4 receive
a high neutron fluence being adjacent to the active core and, therefore, are considered in the
determination of the limiting beltline material.

. For the ferritic plate and weld materials located above and below the region immediately

surrounding the active core, the neutron fluence is much lower than the fluence relative to
the materials immediately surrounding the active core region. The initial RTnpr values of
those ferritic materials are comparable to the initial RTypr values for the materials assessed
in Table 4-4. The adjustment to RTnpt will, therefore, also be smaller than for the materials
surrounding the active core. Hence, the ferritic plate and weld materials located above and
below the region immediately surrounding the active core in the SONGS Units will never be
limiting with respect to establishing the heat-up and cool-down limits. (Note that these
additional materials comprise the upper shell course plates and welds that are located
immediately above the intermediate shell course plates and welds. Each of the lower and
intermediate shell course plates and welds are assessed in Table 4-4.) '

The initial RTnpr values for the ferritic plate and weld materials located above and below
the region immediately surrounding the active core are used to establish other aspects of the
heat-up and cool-down limits. These other limits include the bolt-up temperature, the lowest
service temperature, and the flange limits.

Identify which method (i.e., Kic or Ki4) will be used to calculate the reference intensity
Jactor (Kig) values for the RPV as a function of temperature.

The reference stress intensity factor (SIF) used in both Units 2 and 3 is the equation for K¢
given in Appendix G of the ASME Code (Reference 3). It is expressed as:

K, =33.2+20.734¢ M%2T-#Tkor)

The parameter T is the temperature of the material at the hypothetical crack tip (°F), RTnpt
is the material nil-ductility transition reference temperature (°F), and K¢ is the crack
initiation fracture toughness (ksiVin).

If Code Case N-640 and K¢ are used as the basis for calculating the K values, submit an
exemption request to use the methods of Code Case N-640 and apply them to the P-T limit

calculations.

The determination of the Pressure-Temperature (P-T) curves is consistent with Section XI of
the 2000 Edition of the ASME Code. This Code Edition has incorporated the K¢ criteria for
the allowable fracture toughness. The Code of Federal Regulations part 50.55a has
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21

22)

23)

24)

approved this ASME Code Edition in Reference 8. Therefore, Code Case N-640 is not used
and an exemption request is not submitted.

Apply for an exemption against requirements of Section IV.A.2 of Appendix G to Part 50 to
apply the CE NSSS methods to their P-T curves.

The justification to support an exemption request for use of the CE NSSS methodology of
pressure stress Ky is included as Appendix A of this document.

Include in the PTLRs the P-T curves for heatup, cooldown, criticality, and hydrostatic and
leak tests of the reactors.

P-T curves for heatup, cooldown, hydrostatic test and criticality have been included in the
Westinghouse Calculations of References 6 and 7. Details of heatup, cooldown and
hydrostatic test curves for the uncorrected case are included as Figures 6 through 27 of this
document. Allowable P-T limit curves for the criticality condition were obtained from
References 6 and 7 and are shown in Figures 28 through 33 of this document.

Demonstrate how the P-T curves for pressure testing conditions and normal operations with
the core critical and not-critical will be in compliance with the appropriate minimum
temperature requirements as given in Table 1 to Appendix G to Part 50.

Minimum temperature requirements have been incorporated into the final composite P-T
curve limits in Figures 5.1 through 5.3 of the PLTR reports (References 1 and 2). These
figures demonstrate that the P-T curves comply with Appendix G to 10 CFR 50.

Please refer to RAI #5 of this document for a further discussion of how compliance is
demonstrated.

With respect to the evaluation of plant specific surveillance data, licensees need to include
in their PTLRs the supplemental surveillance data and calculations of the chemistry factors
if the surveillance data are used for the calculations of the adjusted reference temperatures.

For Unit 2, the determination of chemistry factors is discussed in Section 4 of Reference 1
and the surveillance data are discussed in Section 7. The chemistry factors were determined
in accordance with Regulatory Guide 1.99, Revision 2, using Regulatory Position 1.1. The
bases for the chemical content of the vessel and surveillance plates and welds are provided
in the responses to Generic Letter 92-01 (Reference 16 in Reference 1). Additional
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information is also provided in the responses to RAIs #8 and #9. Surveillance data were
evaluated but they are not used for the calculations of the adjusted reference temperatures.

b. For Unit 3, the determination of chemistry factors is discussed in Section 4 of Reference 2
and the surveillance data are discussed in Section 7. The chemistry factors were determined
in accordance with Regulatory Guide 1.99, Revision 2, using both Regulatory Position 1.1
and 2.1. Additional information is also provided in the response to RAI #9. No
supplemental surveillance data were used.

25)  Provide the evaluation of whether the surveillance data are credible in accordance with the
credibility criteria of RG 1.99, Revision 02.

a. For Unit 2, the credibility of the surveillance data is established in Section 7 of Reference 1.
Additional information is also provided in the responses to RAIs #8 and #9.

b. For Unit 3, the credibility of the surveillance data is established in Section 7 of Reference 2.
Additional information is also provided in the response to RAT #9.

26)  Inaddition, if licensees seek to use surveillance data from supplemental plant sources,
licensees must identify the source of the data, and either identify by title and number the
safety evaluation report ....; or compare the licensee'’s data ... and submit the proposed
integrated surveillance program and evaluation of the data for the NRC for review and
approval.

The licensee does not seek to use surveillance data from supplemental plant sources for
either Units 2 or 3. In either case there is a plant-specific surveillance program. Four
surveillance capsules remain in each unit, and the materials in the surveillance capsules were
selected in accordance with ASTM E185-73. In neither case was it necessary or feasible to
obtain surveillance data from another reactor vessel surveillance program.
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3.2 RAI#

The ASME Code, Section Xl, Appendix G provides a methodology for calculating stress intensity
factors corresponding to membrane tension (Ky) and thermal stress (K;;) for the postulated axial
defect. Calculations of Kt are based on stress influence coefficients from finite element modeling
(FEM) analyses for inside (¥T) and outside (%T) surface flaws. Calculations of the maximum
allowable Ky are based on a closed-form solution to an equation such as 2Ky + Kir < Kic , where
Kir has been determined from solutions based on stress influence coefficients, and Kic was
determined using the equation representing the analytical approximation to the lower bound fracture
toughness curve, Kic (in ksi*sqrt(in.)) = 33.2 + 20.734exp[0.02(T - RTypz)], where RTypr is the
material nil- ductility transition reference temperature and T is the actual temperature of the

material. :

The Combustion Engineering (CE) nuclear steam supply system (NSSS) methodology differs from
the ASME Code, Section XlI, Appendix G methodology in several respects. The CE NSSS
methodology for calculating Kt is based on thermal influence coefficients from FEM analyses, as
opposed to stress influence coefficients. Furthermore, the CE NSSS methodology for calculating
K does not involve a closed-form solution based on calculations of Ky and K¢ factors, and instead
applies FEM methods for estimating the Ky factors.

Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a discussion of the specific
methodologies that will be applied in the PTLRs for SONGS 2 and 3 for calculating stress intensity
factors at the 1/4T and 3/4T crack depth locations:

a. Discuss the methodology for calculating the thermal stress intensity factor, Kr.

b. Discuss the methodology for calculating the stress intensity factor corresponding to membrane
tension resulting from pressure loading of the reactor vessel, K. Please specify whether Ky is
determined by obtaining a closed-form solution (as prescribed by the ASME Code, Section XI,
Appendix G) or determined by applying FEM methods (as prescribed by the CE NSSS
methodology).

Per your response to action item 21 in RAl 1, if your methodology applies the CE NSSS method for
calculating Ky stress intensity values, then your application will need to include a request for an
exemption from the requirements of 10 CFR Part 50, Appendix G for P-T limits. The need for an
exemption for calculating P-T limits using the CE NSSS method is specified in the fourth paragraph
(pages 20- 21) of Section 2.5.4 and in action item 21 (page 27) of Section 5.0 of the SE on topical
report CE-NPSD-683, Revision 6, dated March 16, 2001. The CE Owners Group (CEOG) agreed
to this requirement in their final version of topical report CE-NPSD-683, Revision 6. The
requirement for the exemption is specified in the “Note” on page 5-15 of the topical report.

Response:

Calculations of crack tip stress intensity factors due to thermal loads, Ky, are based on thermal
influence coefficients developed using two dimensional (2D) finite element analyses with linear,
quadratic and cubic temperature profiles across the vessel wall thickness. The influence
coefficients are computed for postulated inside (% thickness) and outside (¥ thickness) surface
flaws and are then corrected to account for the 3D elliptical geometry using the procedures of
Appendix A of Section XI of the ASME Code. . ac
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a,c

N b

Using the Km values due to the applied pressure loading, the ASME Code procedure using the
criteria:
was followed in computing the maximum allowable for thermal transient cases, and

1.5K,, <K,

for hydrostatic test cases.

Per the conditions listed in the safety evaluation for topical report CE NPSD-683 (Reference 4)
a request for exemption from the requirements of 10CFR Part 50, Appendix G, is provided in
Appendix A of this document.
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MSIDE CRACK OUTSIDE CRACK

Figure 1: FE Models used in Computing Ky due to Internal Pressure Loading
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33 RAI#

In support of the NRC staff's review of the P-T limit curves contained in the PTLR submittal, please
supplement your application with data for the through-wall thermal gradients (4T) and thermal
stress intensities (Kyr) for the 1/4T and 3/4T crack depth locations. These data are necessary for
the NRC staff to perform independent calculations of P-T limits to verify that the P-T limit curves
are at least as conservative as those that would be obtained as a result of applying the methods of
10 CFR Part 50, Appendix G, or as modified using the CE NSSS methodology. In addition, if you
are requesting to use the CE NSSS methodology for Ky determinations, please submit the plant-
specific Ky data to support the staff's review of these calculations.

Response:
a,c
4 N

\ . J
Figure 2: Unit 2 Heatup 60F/hr Through-wall Thermal Gradients at Crack Tips
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Figure 3: Unit 2 Heatup Thermal Stress Intensity Factors K;r at Outside Crack Tip

Figure 4: Unit 2 Cooldown 100F/hr Through-wall Thermal Gradients at Crack Tips
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a,c
r p
- J
Figure 5: Unit 2 Cooldown Thermal SIF Ky at Inside Crack Tip

The membrane stress intensity factor coefficients Ky due to unit (1000 psi) internal pressure

loading for SONGS reactor vessel geometry with a base metal thickness of 8.625 inches for

inside and outside crack tip locations are given in the following table.

Table 1: Pressure Stress Influence Coefficients, Ky -

Per the topical report (Reference 4) a request for exemption from the requirements of 10CFR
Part 50, Appendix G, is provided in Appendix A of this document.
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34 RAI#4

In all cases P-T limit curves must be determined using the most limiting conditions in the reactor
vessel. For heatup and cooldown transients the application of the PTLR methodology and
calculations of P-T limits must always take into consideration the different conditions at the 1/4T
and 3/4T locations during the thermal transient, and the resulting P-T limit curves must always
represent the most limiting of these conditions.

Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a discussion of how the P-T limit
curves account for the most limiting conditions in the reactor vessel. The discussion should
address the following points:

a. Please discuss how the calculation of P-T limit curves for SONGS 2 and 3 addresses heatup
and cooldown transients, specifically taking into consideration the different conditions at the
1/4T and 3/4T crack depth locations.

b. Please discuss how the calculation of P-T limit curves for SONGS 2 and 3 addresses the
assessment of the 1/4T location for steady state conditions in addition to the 1/4T and 3/4T
locations under heatup and cooldown transient conditions. Please supplement the P-T limit
curves for SONGS 2 and 3 with a P-T limit curve representing the 1/4T location under steady

. State conditions.

Response: a,c

r

.

J
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Figure 6: Unit 2 Steady-state P-T Curve

.
Figure 7: Unit 2 Heatup P-T Curves
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Figure 8: Unit 2 Heatup P-T Curve Enveloped for SF/hr Transient

Figure 9: Unit 2 Heatup P-T Curve Enveloped for 10F/hr Transient
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Figure 10: Unit 2 Heatup P-T Curve Enveloped for 30F/hr Transient

Figure 11: Unit 2 Heatup P-T Curve Enveloped for 40F/hr Transient
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Figure 12: Unit 2 Heatup P-T Curve Enveloped for 60F/hr Transient

Figure 13: Unit 2 Heatup P-T Curve Envelopes
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Figure 14: Unit 2 Cooldown P-T Curves

.
Figure 15: Unit 2 Cooldown P-T Curve Enveloped for 100F/hr Transient
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Figure 16: Unit 2 Cooldown P-T Curve Envelopes

Figure 17: Unit 3 Steady-state P-T Curve
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Figure 18: Unit 3 Heatup P-T Curves

Figure 19: Unit 3 Heatup P-T Curve Enveloped for SF/hr Transient

- LTR-RCPL-05-153 Attachment 2

Page 25 of 54




WESTINGHOUSE NON-PROPRIETARY CLASS 3

Figure 20: Unit 3 Heatup P-T Curve Enveloped for 10F/hr Transient

Figure 21: Unit 3 Heatup P-T Curve Enveloped for 30F/hr Transient
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Figure 22: Unit 3 Heatup P-T Curve Enveloped for 40F/hr Transient

a,c
(" N
. J

Figure 23: Unit 3 Heatup P-T Curve Enveloped 60F/hr Transient
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Figure 24: Unit 3 Heatup P-T Curve Envelopes

Figure 25: Unit 3 Cooldown P-T Curves
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a,c
r N
. J
Figure 26: Unit 3 Cooldown P-T Curve Enveloped for 100F/hr
a,c

Figure 27: Unit 3 Cooldown P-T Curve Envelopes
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3.5 RAI#S

Table 1 of 10 CFR Part 50, Appendix G, specifies six different minimum temperature requirerments
that must be met when generating the pressure-temperature (P-T) limits for U.S. operating
pressurized water reactors (PWRs):

a. Those for pressure test conditions with the Reactor Coolant System (RCS) pressure less than
or equal to 20% of the reactor’s preservice hydrostatic test pressure.

b. Those for pressure test conditions with the RCS pressure greater than 20% of the reactor’s
preservice hydrostatic test pressure.

c. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure less than or equal to 20% of the reactor’s
preservice hydrostatic test pressure, at times the reactor is not in the critical operating mode.

d. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure greater than 20% of the reactor's
preservice hydrostatic test pressure at times the reactor is not in the critical operating mode.

e. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure less than or equal to 20% of the reactor’s
preservice hydrostatic test pressure at times the reactor is in the critical operating mode.

f. Those for normal operating conditions (including heatups and cooldowns of the reactor and
transient operating conditions) with the RCS pressure greater than 20% of the reactor’s
preservice hydrostatic test pressure at times the reactor is in the critical operating mode.

Criterion 6 in Attachment 1 to GL 96-03 states that the above minimum temperature requirements
of 10 CFR Part 50, Appendix G shall be incorporated into the P-T limit curves, and PTLRs shall
identify minimum temperatures on the P-T limit curves such as the minimum boltup temperature

and the hydrotest temperature.

Section 6.0 of the SONGS 2 and 3 PTLRs, provides a listing and brief discussion of the minimum
temperature requirements that have been incorporated into the P-T limit curves for SONGS 2 and

3. However, the discussion does not adequately demonstrate how the P-T limit curves for pressure
testing conditions and normal operations with the core critical and core not critical will be in

compliance with the appropriate minimum temperature requirements as given in Table 1 to
Appendix G to 10 CFR Part 50. This information is needed to satisfy action item 23 from staff’s
safety evaluation (SE) on topical report CE-NPSD-683, Revision 6.

Per your response to action item 23 in RAl 1, update Section 6.0 of the PTLRs for SONGS 2 and 3
to provide a discussion on how the P-T limit curves will meet all of the minimum temperature
requirements mandated by Table 1 of 10 CFR Part 50, Appendix G. Include in this discussion the
value for the highest reference temperature of the material in the closure flange region that is highly
stressed by the bolt preload and how this value is applied along with minimum permissible
hydrostatic test temperature to determine minimum temperature requirements that will be applied to
the P-T limit curves for SONGS 2 and 3. This information is necessary to ensure that the SONGS 2
and 3 P-T limit curves will continue to comply with the minimum temperature requirements of Table
1 of 10 CFR Part 50, Appendix G, and that the PTLR will conform to the provisions of Criterion 6 in

Attachment 1 to Generic Letter (GL) 96-03.
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.

Response:

The P-T limit curves for pressure testing conditions and normal operations with the core critical
and core not critical are in compliance with the appropriate minimum temperature requirements
given in Table 1 of Appendix G to 10 CFR Part 50. This is demonstrated by the explanation
and figures provided hereafter. Each of the six minimum temperature requirements a) through

f) are specifically identified for clarity.

Unit 2
Design pressure = 2,500 psia (2,485.3 psig)

Normal operating pressure = 2,250 psia (2,235.3 psig)

Preservice hydrostatic pressure = 3,125 psia (3,110.3 psig)

Minimum bolt-up temperature = 65°F (Ref.12)
Flange region RTnpr , =20°F (Ref.11)
Initial piping, pumps and valves RTnpr = 90°F (Ref.13)
Adjusted RTyprat ¥ t for 32 EFPY = 137.3°F '

Adjusted RTnprat %t for 32 EFPY = 116.6°F

20% Preservice hydrostatic pressure =0.2 (3,125 psia) = 625 psia

Preservice hydrostatic pressure with correction for instrument uncertainty

= 20% preservice hydro pressure + RCS instrument uncertainty

= 625 psia - 97.8 psi = 527.2 psia_

Inservice hydrostatic pressure= 1.1 (Operating Pressure) + Pressurizer instrument uncertainty

= 1.1 (2,250 psia) + 81 psi = 2,556 psia

~
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< ~

Figure 28 shows the minimum pressure and temperature requirements for hydrostatic test and
heatup transients for Unit 2. Minimum requirements for cooldown transients for control room and
remote shutdown panel are shown in Figures 29 and 30, respectively.
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Unit 3

Design Pressure = 2,500 psia (2,485.3 psig)

Normal Operating Pressure = 2,250 psia (2,235.3 psig)

Preservice Hydrostatic Pressure = 3,125 psia (3,110.3 psig)

Minimum Bolt-up Temperature ' = 65°F (Ref.12)
Flange Initial RTnpr =40°F (Ref.15)
Initial piping, pumps and valves RTnpr =90°F (Ref.13 & 16)
Adjusted RTnprat Y4 t for 32 EFPY = 145.8°F

Adjusted RTnprat ¥t for 32 EFPY = 125.5°F

20% Preservice hydrostatic pressure = 0.2 (3,125 psia) = 625 psia

Preservice hydrostatic pressure with correction for instrument uncertainty
= 20% preservice hydro pressure + RCS instrument uncertainty
= 625 psia - 97.8 psi = 527.2 psia

Inservice hydrostatic pressure= 1.1 (Operating Pressure) + Pressurizer instrument uncertainty
= 1.1 (2,250 psia) + 81 psi = 2,556 psia
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J
Figure 31 shows the minimum pressure and temperature requirements for hydrostatic test and
heatup transients for Unit 3. Minimum requirements for cooldown transients for control room and
remote shutdown panel are shown in Figures 32 and 33, respectively.
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Figure 28: Unit 2 Heatup P-T Curves with Min. Temperature Requirements, Control Room

Figure 29: Unit 2 Cooldown P-T Curves with Min. Temperature Requirements, Control Room

LTR-RCPL-05-153 Attachment 2 Page 35 of 54




WESTINGHOUSE NON-PROPRIETARY CLASS 3

.

Figure 30: Unit 2 Cooldown P-T Curves with Min. Temperature Requirements, Remote Shutdown

\.

Panel

Figure 31: Unit 3 Heatup P-T Curves with Min. Temperature Requirements, Control Room
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a,c
r N
. J
Figure 32: Unit 3 Cooldown P-T Curves with Min. Temperature Requirements, Control Room
a,c
- N

L J

Figure 33: Unit 3 Cooldown P-T Curves with Min. Temperature Requirements, Remote Shutdown
' Panel
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3.6 RAI#6

Section 5.0 of the PTLRs for SONGS 2 and 3 provides a footnote indicating that pressure and
temperature limit values are adjusted for instrument uncertainty, and for RCS pressure and
elevation effects. Please supplement Section 5.0 of the SONGS 2 and 3 PTLRs with a detailed
discussion of how instrument uncertainties are treated in the development of the PTLR P-T limit
curves for SONGS 2 and 3. Include in this discussion numerical values for the instrument
uncertainties as well as numerical values for factors that compensate for RCS pressure and
elevation effects. Please discuss how these factors are applied in the calculation of the P-T limit
curves.

Response:

Tables 5-1, 5-2 and 5-3 of the SONGS PTLRs (References 1 and 2) each have a footnote
explaining that the tabulated values have been adjusted for instrument uncertainty and for RCS
pressure and elevation effects. Additional detail as below will be added to Section S of
References 1 and 2 to explain these footnotes.

The calculated reactor vessel pressure and temperature limit values are adjusted for instrument
uncertainty, and for RCS pressure and elevation effects. Section 3.4.2 of the topical report
(Reference 4) provides a description of the development of these RCS pressure and elevation
effects. : :

These adjustments ensure that the analytical beltline P-T limits are conservatively interpreted by
pressurizer pressure and RCS temperature instrumentation. The pressure values are adjusted
using pressure correction factors (PCF), and the temperature values are adjusted for temperature
instrumentation uncertainty.

The pressure correction factors applied to Tables 5-1, 5-2 and 5-3 consist of three components:

1. pressure differential corresponding to water head between the pressurizer water level and
the reference point in the reactor vessel (APgLgv),

2. flow-induced pressure drop between the reactor vessel downcomer and the surge nozzle
in the hot leg (APrLow; a value that depends on the number of operating RCPs), and

3. pressurizer pressure instrumentation loop uncertainty (APnstR).

These components are individually established using conservative assumptions, then summed
into the PCF. The PCF values are subtracted from the analytical values to conservatively reduce
the allowable pressure limit. The explicit PCF values used for the SONGS units are dependent
upon the number of operating RCPs and on the available instrumentation. Thus, the following
PCFs are applied to the analytical pressure limits:
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Pressure Correction Factors

(with instrument uncertainty)
LowRange - Wide Range

Control Room: <700 psia

" <340 °F (2 RCP Operating) PCF= 97.8 151.3  psid
> 340 °F (3 RCP Operating) PCF = 117.8 171.3  psid

Remote Shutdown Panel: <1600 psia
<340 °F (2 RCP Operating) PCF = 146.3 151.3  psid
> 340 °F (3 RCP Operating) PCF = 166.3 1713  psid

The data in Tables 5-1, 5-2 and 5-3 of References 1 and 2 are also adjusted for temperature
instrumentation uncertainty. For SONGS, a conservative temperature uncertainty of 18.5°F is
added to the analytical values for both the control room and the remote shutdown panel
instrumentation.

3.7 RAI#7

The proposed P-T limit curves included in Section 5.0 of the PTLRs for SONGS 2 and 3 are
proposed to be effective through 32 effective full power years of operation (EFPY). The existing
P-T limit curves contained in the Technical Specifications (TS) are stated to be effective through 20
EFPY. Confirm whether the changes to the P-T limit curves included in Section 5.0 of the PTLRs
for SONGS 2 and 3 reflect only the increase in the EFPY for which the curves will be applied. If
there are other factors, such as different parameters or methods, which contribute to the changes
to the curves, provide a detailed discussion of these factors and how they affect the PTLR P-T limit

curves.

Response:

The changes to the P-T limit curves included in Section 5.0 of the SONGS 2 and 3 PTLRs
reflect the combined effect of the increase in the EFPY, via a higher RTnpr shift from 20 to 32
EFPY, in conjunction with the use of the crack arrest allowable, K;c, instead of the crack
initiation allowable, Kja. The P-T limit curves included in Section 5.0 of the PTLRs are
effective through 32 effective full power years of operation and are based on a 32 year RTnpr
shift using the K¢ allowable. The P-T limit curves contained in the Technical Specifications
(TS) are effective through 20 EFPY and are based on a RTnpr shift of 20 years using the Ky
allowable.
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3.8 RAI#8

Criterion 7 of the Table in Attachment 1 to GL 96-03 specifies that an analysis of the credibility of
the surveillance data must be provided in the PTLR. Regulatory Position 2.1 of Regulatory Guide
(RG) 1.99, Revision 2 specifies that when two or more credible surveillance data sets become
available from the reactor in question, they may be used to determine the Adjusted Reference
Temperature (ART) values. If the procedure of Regulatory Position 2.1 for determining the ART
values based on the surveillance data results in a higher value for the ART than that given by using
the procedures of Regulatory Position 1.1 of the RG, RG 1.99, Revision 2 specifies that the
surveillance data should be used for the ART and chemistry factor determination. If the procedure
of Regulatory Position 2.1 results in a lower value for the ART, either may be used.

Please confirm that the credibility analysis of the SONGS 2 surveillance data from Section 7.0 of
the SONGS 2 PTLR demonstrated that the surveillance data sets for SONGS 2 are credible.

Section 7.0 of the SONGS 2 PTLR states that the surveillance data were not used to generate a
chemistry factor in accordance with the methodology prescribed in Regulatory Position 2.1 of RG
1.99, Revision 2. Please confirm whether the ART values for the limiting materials were calculated
using the procedure of Regulatory Position 1.1 of RG 1.99, Revision 2.

If the procedure of Regulatory Position 1.1 of RG 1.99, Revision 2 was used to calculate the ART
values for the limiting materials, please indicate why this is an acceptable procedure, given the
credibility of the surveillance data.

Please supplement Section 7.0 of the PTLR for SONGS 2 with the following information:

a. Table 7-1 of the SONGS 2 PTLR provides chemistry factors for the two surveillance
materials plate C-6404-2 and weld 9-203. Please indicate how these chemistry factors were

derived.

b. There is no explicit calculation in the SONGS 2 PTLR demonstrating that chemistry factor
values for the limiting materials derived from the tables in RG 1.99, Revision 2 would result
in limiting ART values that are more conservative than those determined using chemistry

factors derived from surveillance data. Per your response to action item 24 in RAl 1 please
supplement Section 7.0 of the PTLR for SONGS 2 with detailed calculations of the

chemistry factors for each of the surveillance materials based on the calculation methods
specified in Regulatory Position 2.1 of RG 1.99, Revision 2.

The calculations of the chemistry factors for the surveillance materials for SONGS 3, provided in
Table 7-1 of the SONGS 3 PTLR represent an acceptable format for presenting surveillance
material chemistry factor calculations.

Response:

It is confirmed that a credibility analysis was performed in accordance with Regulatory Guide
1.99, Revision 2, and it was determined that all of the credibility criteria were met for the
SONGS 2 surveillance base plate (Plate C-6404-2) and surveillance weld (Weld 9-203). Tt is
also confirmed that ART values for all the SONGS 2 reactor vessel beltline materials were
calculated using Regulatory Position 1.1 of RG 1.99, Revision 2. The results of that calculation
are reported in Table 4-4 of Reference 1. Additional details are provided in the specific
responses to questions 8.a and 8.b.
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Information on the selection of materials for inclusion in the Unit 2 surveillance program is
provided in Reference 17. The selection followed the procedures of ASTM E-185-73, Annex
A-1. Two surveillance capsules have been removed from Unit 2, those from the 97° and 263°
locations. Data from those capsules were used to compute an Adjusted Reference Temperature
(ART) using Regulatory Guide 1.99, Revision 2, Regulatory Position 2.1. The ART values for
plate C-6404-2 and the surveillance weld determined from the surveillance data were less than
that predicted for plate C-6404-5 using Position 1.1 of RG 1.99. That is, the two surveillance
data sets do not represent the limiting vessel material. The responses to questions 8.a and 8.b
below provide additional information regarding the treatment of the surveillance data.

The heatup and cooldown limits and the assessment of RTprs require the determination of the
highest (i.e., limiting) value of ART. These values are reported in Section 4 of Reference 1.
The limiting material (highest ART value at 1/4T or 3/4T based on Regulatory Position 1.1 of
RG 1.99, Revision 2) for the SONGS 2 reactor vessel beltline is plate C-6404-5. The ART for
plate C-6404-2 based on the credible surveillance data and Regulatory Position 2.1 is lower than
that for the limiting plate. The ART for the surveillance weld based on the credible surveillance
data and Regulatory Position 2.1 is also lower than that for the limiting plate. The predicted
values of RTprs are in the same relative order as the ART values. Hence, the procedure used
produces a more conservative value for the SONGS 2 reactor vessel than that obtained using the

~ credible surveillance data and Regulatory Position 2.1. New surveillance data will be reviewed
in accordance with the requirements in effect.

a. Response to RAI #8.a

The chemistry factors for the surveillance materials provided in Table 7-1 of Reference 1 are
obtained from Tables 1 and 2 of RG 1.99, Revision 2, based on the following copper and
nickel content:

CF = 65°F for Plate C-6404-2, based on 0.10% copper content and 0.60% nickel
content per Reference 18. Also, refer to Table 2 in the response to 8.b, below:.

CF = 31.1°F for Weld 9-203, based on 0.03% copper content and 0.14% nickel
content. These represent the average values of the 97° and the 263° surveillance
capsules per Reference 20. Baseline analysis showed 0.03% copper content and
0.12% nickel content (Reference 20), which corresponds to a slightly lower CF =
29.8°F.

b. Response to RAI #8.b

Two analyses were performed by Combustion Engineering Chattanooga Laboratory on Unit
2 reactor vessel beltline plates and welds (Reference 18), including intermediate shell Plate
C-6404-2 and lower shell Plate C-6404-5. The copper and nickel content based on these
analyses results are provided in Table 2.

Table 2: Copper and Nickel Content by Weight (percent)

Plate First Analysis Second Analysis Average
Cu Ni Cu Ni Cu Ni
C-6404-2 0.10 0.58 0.10 0.60 0.10 0.59
C-6404-5 0.11 0.62 0.11 0.67 0.11 0.65

LTR-RCPL-05-153 Attachment 2

Page 41 of 54



WESTINGHOUSE NON-PROPRIETARY CLASS 3

Per Table 2 of Regulatory Guide 1.99 (Reference 19), the chemistry factor for Plate C-6404-
2 is 65°F, and the chemistry factor for C-6404-5 is 75°F based on the average Cu and Ni
values provided in Table 2 above.

b.l ART for Intermediate Shell Plate C-6404-2

The following two surveillance data sets are available for intermediate shell Plate C- 6404-2:

i) The 97° surveillance capsule, which was removed from the reactor vessel during the
Cycle 4 refueling outage, i.e., at the end of Fuel Cycle 3, and

ii) The 263° surveillance capsule, which was removed from the reactor vessel during the
Cycle 11 refueling outage, i.e., at the end of Fuel Cycle 10.

The SONGS Unit 2 surveillance data were evaluated to show that the base plate and the
weld met the five credibility criteria provided in RG 1.99, Revision 2. The Adjusted
Reference Temperature (ART) can be calculated for intermediate shell Plate C-6404-2 and
Weld 9-203 based on the two credible surveillance data sets as follows:

e Per Reference 20, the fluence values are 0.507 for the 97° surveillance capsule, and
2.188 for the 263° surveillance capsule (units:10'° n/em?). The corresponding fluence
factor (ff = f©28-011°8Dy yajyes are calculated per Position 1.1. It follows that:

ff = 0.810 based on the 97° surveillance capsule, and
ff = 1.212 based on the 263° surveillance capsule

The sum of the squares, X ff°, is given by:
T fff = 0.817 + 1.2122=2.127

e Per Reference 8.4, the measured ARTnpr values are:

ARTnpT= 41°F for the 97° surveillance capsule
ARTnpt = 88°F for the 263° surveillance capsule

It follows that:

T (ffx ARTnpr) =0.810x 41 + 1,212 x 88 = 139.9°F
e Per Position 2.1, the chemistry factor, CF, is given by:

CF=Z (ffx ARTynp1) T ff* = 65.8°F

o The values of £, ff and ARTnpr projected for 32 EFPY are calculated using Position 1.1
methodology with x = 2.375 inches at the 1/4 T location:

f=2.4436(x10" n/cm?)
ff = 1.2405
ARTnpr= CF x ff= 81.6°F
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e The projected Adjusted Reference Temperature (ART) for Plate C-6404-2 for 32 EFPY
at the 1/4 T location is calculated based on Position 1.1 as follows:

ART = Initial RTNDT + ARTNDT + Margin
where

Initial RTnpt = 20°F per Reference 18

Margin = 17°F per Position 2.1

Therefore,
ART=20+81.6 + 17 =118.6°F
In the above analysis, the fluence value for the intermediate shell plates was used.

b.2 ART for Lower Shell Plate C-6404-5

e Per Table 2 of Reference 19, CF = 75°F for lower shell Plate C-6404-5.
e Per Reference 8.2, the projected surface fluence for 32 EFPY = 4.3707 (x10" n/cm?).

o Using Position 1.1 calculation methodology, the projected fluence for 32 EFPY at the
1/4T location for lower shell plates is:

f=2.4717 (x10"° n/cm?)
ff=1.2434

¢ The projected shift, ARTnpr, is given by:
ARTnpr = CF x ff = 93.3°F
Initial RTypr= 10°F (Reference 18)
Margin = 34°F (per Position 1.1)

o It follows that ART for Plate C-6404-5 projected for 32 EFPY at the 1/4 T location is
given by:

ART = Initial RTnpt + ARTNpT + Margin
=10+ 93.3 + 34 = 137.3°F

In the calculation above, the fluence values for the lower shell plates were used.

Based on the analyses results in Sections b.1 and b.2 above, the ART for Plate C-6404-5
(137.3°F) is higher then that for Plate C-6404-2 (118.6°F), so Plate C-6404-5 is bounding.

b.3 ART for Lower Shell Weld 9-203

e Per Reference 18, the results of the chemical analysis performed by Combustion
Engineering on Weld 9-203 showed an as-deposited copper content of 0.07% and nickel
content of 0.29% by weight. The chemistry factor CF = 69 per Table 1 of Reference 19.

o Using the values of {=2.4717 (x10' n/cm?), and ff = 1.2434 calculated for the lower
shell at the 1/4T location in Section b.2 above, ART for Weld 9-203 can be calculated as
follows:

ART = Initial RTnpt + ARTnpT + Margin
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where
Initial RTypr = -60°F per Reference 18
Margin = 56°F per Position 1.1
ARTynpr= CF x ff = 85.8°F

Therefore,

ART=-60 + 85.8 + 56 = 81.8°F

» Alternatively, two sets of surveillance data exist for Weld 9-203. Using Position 2.1,
Weld 9-203 ART of 8.4°F is calculated in the response to RAI#9.

Therefore, the value of CF = 69°F calculated based on Position 1.1 is higher than that based
on Position 2.1 using the surveillance data, CF = 32.5. Hence, the bounding estimate of
ART for Weld 9-203 is 81.8°F. Note that the ART value of 137.3°F for Plate C-6404-5 is
actually bounding and was used to generate the P-T curves.

New surveillance data will be reviewed in accordance with the requirements in effect.
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3.9 RAI #9

Regulatory Position 2.1 of RG 1.99, Revision 2 states that if there is clear evidence that the copper
or nickel content of the surveillance weld differs from that of the vessel weld, the measured values
of ART should be adjusted by multiplying them by the ratio of the chemistry factor for the vessel
weld to that for the surveillance weld.

Please indicate in the SONGS 2 and 3 PTLRs whether the copper and nickel content of the
surveillance weld differs from that of the vessel weld. If so, please supplement Section 7.0 of the
PTLRs for SONGS 2 and 3 with detailed calculations for determining the adjustments to the
measured values for DRT for the surveillance weld, and indicate whether these adjusted values of
DRT were used in the determination of the chemistry factor for the surveillance weld.

Response:
SONGS Unit 2

The copper and nickel content for the surveillance weld for Unit 2 differs from the as-deposited
vessel weld, Weld 9-203, as shown in Table 3. Table 3 also provides the chemistry factor
obtained using Table 2, RG 1.99, Revision 2.

Table 3: SONGS 2 Best Estimate Weld Chemical Composition

. Y CF
Weld Cu% Ni % C°F)
Vessel Weld 9-203'" 0.07 0.29 69
Surveillance Weld" 0.03 0.12 30
Surveillance Weld"™ 0.03 0.15 32
(1) Reference 18.
(2) Reference 21.

(3) Reference 18 provided these values based on analysis of the 97° capsule.

The value CF = 31.1°F was reported in Reference 20, and is considered reasonable based on the
data in Table 3 above.

Table 4 provides the fluence values, the fluence factors and the measured ARTnpt values for the
97° and the 263° surveillance capsules. The table also provides the adjusted ARTnpt values
obtained per Position 2.1 as follows:

Adjusted ARTnpt = measured ARTnpr values multiplied by the ratio of chemistry factors;
where the ratio is the vessel weld chemistry factor divided by the surveillance weld chemistry
factor. It follows that the ratio of chemistry factors = 69/31.1=2.22.
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Table 4: Adjusted Unit 2 Weld ART Based on Chemical Composition

) Measured Adjusted

19 2 ff ARTnpr ARTnpr
(10" n/cm®) (°F) (°F)
97° capsule 0.507 0.810 4.0 8.9
263° capsule 2.188 1.212 23.0 51.0

(2) The fluence values were obtained from Reference 20.

Using the two sets of data in Table 4, the value of ART for 32 EFPY is calculated as follows:

T P =2.127
3(ff x ARTnpr) = 0.810 x 8.9 + 1.212 x 51.0 = 69.1°F

Per Position 2.1, the chemistry factor, CF, is given by:

CF = X (ff x ARTnpr)/ T ff* = 32.5°F

Per Reference 20, the extrapolated fluence value (f) for the lower shell for 32 EFPY is 2.472
(x10" n/cm?), and the corresponding fluence factor (ff) is 1.243. It follows that:

ARTnpr=32.5 x 1.243 = 40.4°F

Therefore, the projected ART value for 32 EFPY is given by:

ART =Initial RTnpt + ARTNDT + Margin
=-60 +40.4 + 28 = 8.4°F
where

Initial RTnpt = -60°F per Reference 18
Margin = 28°F per Position 2.1

The projected ART value of 8.4°F calculated for Weld 9-203 for 32 EFPY is significantly lower
than the limiting ART of 137.3°F for Plate C-6404-5, calculated as part of the response to RAI
#8 above. The ART value of 137.3°F was used to generate the P-T curves.

SONGS Unit 3

The copper and nickel content for the surveillance weld for Unit 3, Weld 9-203, differs from the
as-deposited vessel weld as shown in Table 5. Table S also provides the chemistry factor
obtained using Table 2, RG 1.99, Revision 2.

For the purpose of this calculation, the vessel as-deposited weld CF = 33.6°F and surveillance
weld CF = 27.2°F are conservatively used to maximize the adjustment to AR Tnpr.

LTR-RCPL-05-153 Attachment 2 Page 46 of 54



WESTINGHOUSE NON-PROPRIETARY CLASS 3

Table 5: SONGS 3 Best Estimate Weld Chemical Composition

Cu% Ni % (Elf)

Vessel Weld 9-203 (V 0.06 0.04 33.6

Vessel Weld 9-203 " 0.05 0.04 30.6

Surveillance Weld ‘" 0.03 0.11 29.2

Surveillance Weld ! 0.03 0.09 27.9

Surveillance Weld @ 0.03 0.08 27.2
(1) Reference 18.
(2) Reference 22.

Examination of Table 5 shows that the available chemical analysis measurements for the
surveillance weld and the vessel weld are essentially the same, and no adjustment to the values
of ARTnpr is warranted. Table 6 provides the fluence values, the fluence factors and the
measured ARTnpr values for the 97° and the 263° surveillance capsules.

Table 6: Unit 3 Surveillance Weld ARTnpr

£ f " | Measured ARTnpT
(10" n/em?) (°F)
97° capsule 0.8 0.937 29
263° capsule 2471 1.243 72

(1) The fluence values were obtained from Reference 23.

Using the two sets of data in Table 6, the value of ART for 32 EFPY is calculated as follows:

T =2424
X (ff x ARTnpr) = 0.937 x 29 + 1.243 x 72 = 116.7°F

Per Position 2.1, the chemistry factor, CF, is given by:

_ Z(ff x ARTyy)

CF
T ff?

=48.1°F

Per Reference 23, the extrapolated fluence value (f) for the lower shell for 32 EFPY is 2.37
(x10" n/cm?), and the corresponding fluence factor (ff) is 1.233. It follows that:

ARTnpr=48.1 x 1.233 = 59.3°F

Therefore, the projected ART value for 32 EFPY is given by:
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ART = Initial RTnpr + ARTnpT + Margin
=-50+59.3 + 28 =37.3°F
where

Initial RTypr = -50°F The higher of the two values reported in Reference 18

and
Margin= 28°F Per Position 2.1.

The projected ART value of 37.3°F calculated for Weld 9-203 for 32 EFPY is significantly
lower than the limiting ART of 145.8°F for Plate C-6802-1, which was used to generate the P-T
curves for Unit 3. The projected ART value calculated using Position 1.1 is 33.3°F, which is
similar to that calculated using Position 2.1.
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Appendix A

Justification for Exemption to Apply Alternate Method of Calculating the
Stress Intensity Factor Ky due to Internal Pressure Loading for
San Onofre Units 2 and 3

Introductory Statements:

Pursuant to 10CFR50.90, Southern California Edison (SCE) hereby requests the use of an alternate
methodology for calculation of crack tip stress intensity factor Ky for San Onofre Nuclear
Generating Station (SONGS) Units 2 and 3 reactor vessel beltline regions subjected to internal _
pressure loading. This alternate methodology by Westinghouse has been used in topical report CE
NPSD-683, Revision 6, dated March 16, 2001. This methodology was developed and used in 1998
for Indian Point Unit 3 in a previous submittal report (Docket No. 50-286, TAC No. M99928). The
approach was reviewed by the NRC and concluded to be acceptable (Section 2.5.4 paragraph 4 of
the report).

A justification for the application of this alternate method to SONGS is given below.

Justification for Exemption

10 CFR 50.60(b) allows usage of alternatives to the requirements described in Appendix G and H of
10 CFR 50 when the exemption is granted by the NRC.

In accordance with 10 CFR 50.12(a), Southern California Edison (SCE) requests an exemption from
the regulations of 10CFR 50.60, “Acceptance Criteria for Fracture Prevention Measures for Light-
Water Nuclear Power Reactors for Normal Operation.” The exemption request would allow
SONGS Units 2 and 3 to use an alternate methodology for calculation of crack tip stress intensity
factor K for SONGS reactor vessel beltline regions subjected to internal pressure loading, in lieu
of the methodology cited in ASME Boiler and Pressure Vessel Code, Appendix G.

10 CFR 50.12(a) states that the NRC may grant exemptions from the requirements of the
regulations contained in 10CFR50 which are:

1) authorized by law;

2) will not present an undue risk to the public health and safety;

3) consistent with the common defense and security; and

4) special circumstances, as defined by 10 CFR 50.12(a)(2) are present.

The standards for the exemption are justified, as described below.

1) The requested exemption is authorized by law.

The NRC is authorized by law to grant this exemption. Requirements in 10 CFR 50.60 state
that the use of alternative methods to 10 CFR 50, Appendix G is acceptable when an
exemption is granted by the NRC.
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2) The requested exemption does not present an undue risk to the public health and .
safety.

The proposed exemption request has no impact on the safe operation of the plant. An
exemption from the requirements would allow the use of an alternate methodology to
calculate the membrane loading stress intensity factor. Specifically, this methodology uses a
finite element base influence function under internal pressure loading. The results of this
methodology are comparable to the results obtained using the ASME Appendix G
methodology as demonstrated below.

ASME Code uses the procedure in Article G-2214 for axial surface flaws. In this procedure,
stress intensity factor under internal pressure loading is given by (U.S. Customary units)

R
Kyy=M, (£t—

The magnification factor My for inside axial flaws is given by:

M, =185 for Jt<2or t<4
M,, =0.926+t for 2</1 <3.464 or 4<1<12
M,, =3.21 for Jt >3.464 or t>12

and for outside flaws by:

M, =177 forf<2or t<4
M,, =0.893yt for 2<f <3.464 or 4<1<12
M,, =3.09 for vt >3.464 or 1 >12

where:
K is the stress intensity factor for membrane loads (ksiVin);
p is the internal pressure (ksi);
R; is the vessel inner radius (in); and
t is the vessel wall thickness (in).

. x
ki =My, (';"')

and the applied stress intensity factor Kyv for any given pressure, p, in ksi, is given by
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- K,y = pky,

INSIDE. CRACK ) OUTSIDE CRACK

FEMs used in Computing kpy due to Internal Pressure Loading
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Therefore, this exemption request does not present an undue risk to the public health and
safety.

3) The requested exemption will not endanger the common defense and security.
The common defense and security are not affected by this exemption request.

4) Special Circumstances, as defined by 10 CFR 50.12(a)(2) are present.

10 CFR 50.12(a)(2) states that the NRC will not consider granting an exemption unless
special circumstances are present. This exemption meets the special circumstances listed in
10 CFR 50.12(a)(2)(ii).

10 CFR 50.12(a)(2)(ii) — Application of the regulation in the particular circumstances would
not serve the underlying purpose of the rule or is not necessary to achieve the underlying
purpose of the rule.

The primary purpose of 10 CFR 50.60 is to protect the reactor vessel against non-ductile
failure. The use of the Westinghouse alternate methodology requested by this exemption
provides greater operational flexibility while still maintaining reactor vessel integrity. In
addition, use of the Westinghouse methodology to generate pressure-temperature curves
yields comparable results to the use of the ASME Appendix G methodology. Therefore, the
reactor vessel is protected against non-ductile failure and the underlying purpose of the rule
is achieved.

Conclusion

The use of the Westinghouse alternate methodology to calculate the membrane stress intensity
factor, Kpy, provides comparable results to that of the ASME Section XI, Division I, Appendix G,
and provides adequate protection of the reactor vessel against non-ductile failure.
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Westinghouse authorization letter CAW-05-2078 to the U.S. Nuclear Regulatory
Commission dated December 15, 2005 Affidavit, Proprietary Information Notice,
and Copyright Notice.



WEST inghouse Westinghouse Electric Company

Nuclear Services

P.0.Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Directtel: (412) 374-4419

Document Control Desk Direct fax: (412) 374-4011

Washington, DC 20555-0001 e-mail: maurerbf@westinghouse.com

Ourref: CAW-05-2078

December 15, 2005

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCL.OSURE

Subject: Response to NRC Request for Additional Information on WCAP-16005-NP, Rev. 03, “San
Onofre Nuclear Generating Station Unit 2 RCS Pressure and Temperature Limits Report” and
WCAP-16167-NP, Rev. 0, “San Onofre Nuclear Generating Station Unit 3 RCS Pressure and
Temperature Limits Report”, dated December 14, 2005 (Proprietary/Non-Proprietary)

The proprietary information for which withholding is being requested in the above-referenced letter is
further identified in Affidavit CAW-05-2078 signed by the owner of the proprietary information,
Westinghouse Electric Company LLC. The affidavit, which accompanies this letter, sets forth the basis
on which the information may be withheld from public disclosure by the Commission and addresses with
specificity the considerations listed in paragraph (b)(4) of 10 CFR Section 2.390 of the Commission’s
regulations.

Accordingly, this letter authorizes the utilization of the accompanying affidavit by Southern California
Edison Co.

Correspondence with respect to the proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference this letter, CAW-05-2078, and should be addressed to
B. F. Maurer, Acting Manager, Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Regulatory Compliance and Plant Licensing
Enclosures

cc: B. Benney
L. Feizollahi

A BNFL Group company



CAW-05-2078

AFFIDAVIT

STATE OF CONNECTICUT:

RN

COUNTY OF HARTFORD:

Before me, the undersigned authority, personally appeared Ian C. Rickard, who, being by me duly sworn
according to law, deposes and says that he is authorized to execute this Affidavit on behalf of
Westinghouse Electric Company LLC (Westinghouse), and that the averments of fact set forth in this

Affidavit are true and correct to the best of his knowledge, information, and belief:

/
I. C. Rickard,

Licensing Project Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this /5 féf day
of Qecombers 2005

Notary Public

My commission expires & / 3/ / 09
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I, Ian C. Rickard, dispose and say that I am a Licensing Project Manager, Westinghouse Electric
Company LLC (Westinghouse), and as such I have been specifically delegated the function of
reviewing the proprietary information sought to be withheld from public disclosure in connection
with nuclear power plant licensing and rule making proceedings, and am authorized to apply for its

withholding on behalf of Westinghouse.

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the
Commission's regulations and in conjunction with the Westinghouse “Application for Withholding”

accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating

information as a trade secret, privileged or as confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations, the
following is furnished for consideration by the Commission in determining whether the information

sought to be withheld from public disclosure should be withheld.

@) The information sought to be withheld from public disclosure is owned and has been held in

confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining the
types of information customarily held in confidence by it and, in that connection, utilizes a
system to determine when and whether to hold certain types of information in confidence.
The application of that system and the substance of that system constitutes Westinghouse

policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several
types, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of Westinghouse's
competitors without license from Westinghouse constitutes a competitive economic

advantage over other companies.
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It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved marketability.
Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance of

quality, or licensing a similar product.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the following:

(a)

(®)

(©)

(d)

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to protect

the Westinghouse competitive position.

It is information that is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to sell

products and services involving the use of the information.

Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.

Each component of proprietary information pertinent to a particular competitive
advantage is potentiglly as valuable as the total competitive advantage. If
competitors acquire components‘ of pfoprietary information, any one component
may be the key to the entire puzzle, thereby depriving Westinghouse of a

competitive advantage.
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(e) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

4)) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(iii)  The information is being transmitted to the Commission in confidence and, under the

provisions of 10 CFR Section 2.390, it is to be received in confidence by the Commission.

(iv)  The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method to the

best of our knowledge and belief.

(2) (v) The proprietary information sought to be withheld in this submittal is that \;vhich is
appropriately marked in “Response to NRC Request for Additional Information on
WCAP-16005-NP, Rev. 03, ‘San Onofre Nuclear Generating Station Unit 2 RCS
Pressure and Temperature Limits Report’ and WCAP-16167-NP, Rev. 0, San Onofre
Nuclear Generating Station Unit 3 RCS Pressure and Temperature Limits Report” ”,
dated December 14, 2005 (Proprietary), being transmitted by the Southern California
Edison Co. letter and Application for Withholding Proprietary Information from Public

Disclosure, to the Document Control Desk. The proprietary information as submitted
for use by Westinghouse for San Onofre Nuclear Generating Station (SONGS) Units 2

and 3 enables Westinghouse to support utilities with NSSS plants in the preparation of

pressure-temperature limit reports.
Further this information has substantial commercial value as follows:

(a) Westinghouse plans to sell the use of similar information to its customers for

purposes of meeting NRC requirements for licensing documentation.

(b) Westinghouse can sell support and defense of its methodology from which the
SONGS PTLR work is based.
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() The information requested to be withheld reveals the distinguishing aspects of a

methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of competitors to
provide similar PTLR and licensing defense services for commercial power reactors without
commensurate expenses. Also, public disclosure of the information would enable others to
use the information to meet NRC requirements for licensing documentation without

purchasing the right to use the information.

The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and the

expenditure of a considerable sum of money.
In order for competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.



PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission's regulations concerning the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear 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
internal use in connection with generic and plant-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 10 CFR 2.390 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 these reports, the NRC is
permitted to make the number of copies beyond those necessary for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local 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.



