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Mr. Doug Coleman, Chair

Boiling Water Reactor Owners’ Group
Energy Northwest

Columbia Generating Station

Mail Drop PE20

P.O. Box 968

Richland, WA 99352-0968

SUBJECT: FINAL SAFETY EVALUATION FOR BOILING WATER REACTORS OWNERS’
GROUP LICENSING TOPICAL REPORT NEDC-33178P, GENERAL ELECTRIC
METHODOLOGY FOR DEVELOPMENT OF REACTOR PRESSURE VESSEL
PRESSURE-TEMPERATURE CURVES (TAC NO. MD2693)

Dear Mr. Coleman:

By letter dated July 28, 2006, the Boiling Water Reactors Owners Group (BWROG) submitted
Licensing Topical Report (LTR) NEDC-33178P, "General Electric Methodology for Development
of Reactor Pressure Vessel Pressure-Temperature Curves,” to the U.S. Nuclear Regulatory
Commission (NRC) staff. By letter dated March 23, 2009, an NRC draft safety evaluation (SE)
regarding our approval of LTR NEDC-33178P was provided for your review and comments. By
e-mail dated April 13, 2009, the BWROG stated that they had no substantive comments on the
draft SE.

The NRC staff has found that LTR NEDC-33178P is acceptable for referencing in licensing
applications for General Electric-designed boiling water reactors to the extent specified and
under the limitations delineated in the LTR and in the enclosed final SE. The final SE defines
the basis for our acceptance of the LTR.

Our acceptance applies only to material provided in the subject LTR. We do not intend to repeat
our review of the acceptable material described in the LTR. When the LTR appears as a
reference in license applications, our review will ensure that the material presented applies to
the specific plant involved. License amendment requests that deviate from this LTR will be
subject to a plant-specific review in accordance with applicable review standards.

In accordance with the guidance provided on the NRC website, we request that BWROG publish
accepted proprietary and non-proprietary versions of this LTR within three months of receipt of
this letter. The accepted versions shall incorporate this letter and the enclosed final SE after the
title page. Also, they must contain historical review information, including NRC requests for
additional information and your responses. The accepted versions shall include an "-A"
(designating accepted) following the LTR identification symbol.



D. Coleman 2.
If future changes to the NRC's regulatory requirements affect the acceptability of this LTR, the
BWROG and/or licensees referencing it will be expected to revise the LTR appropriately, or
justify its continued applicability for subsequent referencing.

Sincerely,

IRA/

Thomas B. Blount, Deputy Director

Division of Policy and Rulemaking

Office of Nuclear Reactor Regulation
Project No. 691

Enclosure: Final SE

cc w/encl: See next page
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FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TOPICAL REPORT NEDC-33178P

"GENERAL ELECTRIC METHODOLOGY FOR DEVELOPMENT OF REACTOR PRESSURE

VESSEL PRESSURE-TEMPERATURE CURVES"

BOILING WATER REACTORS OWNERS’ GROUP

PROJECT NO. 691

1.0 . INTRODUCTION AND BACKGROUND

By letter dated July 28, 2006, the Boiling Water Reactor Owners' Group (BWROG) submitted
Licensing Topical Report (LTR) NEDC-331/78P, "General Electric Methodology for Development
of Reactor Pressure Vessel Pressure-Temperature Curves,” Revision 0 (Reference 1), for the
Nuclear Regulatory Commission (NRC) review and acceptance for referencing in subsequent
licensing actions. The BWROG provided this LTR to support applications by BWR licensees to
relocate their pressure-temperature (P-T) curves from facility technical specifications (TS) to a
pressure temperature limits report (PTLR), a licensee-controlled document, using the guidelines
provided in Generic Letter (GL) 96-03, “Relocation of the Pressure Temperature Limit Curves
and Low Temperature Overpressure Protection System Limits,” (Reference 2). Responses to
NRC staff’'s requests for additional information (RAIs) were provided in a BWROG letter dated
July 31, 2007 (Reference 3), which was later superseded by a revised version of the LTR. LTR
NEDC-33178P, Revision 1, incorporating the proposed changes was provided to the NRC in a
letter dated January 19, 2009 (Reference 4).

2.0 REGULATORY EVALUATION

2.1 Requirements for Generating P-T Limits for Light-Water Reactors

The NRC has established requirements in Appendix G of Title 10, Code of Federal Regulations
Part 50 (10 CFR Part 50, Appendix G; Reference 5), to protect the integrity of the reactor
coolant pressure boundary (RCPB) in nuclear power plants. The regulation at 10 CFR Part 50,
Appendix G requires that the P-T limits for an operating light-water nuclear reactor be at least as
conservative as those that would be generated if the methods of Appendix G to Section XI of
the American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code,
Section X!, Appendix G; Reference 6), were used to generate the P-T limits. The regulation at
10 CFR Part 50, Appendix G, also requires that applicable surveillance data from reactor
pressure vessel (RPV) material surveillance programs be incorporated into the calculations of
plant-specific P-T limits, and that the P-T limits for operating reactors be generated using a
method that accounts for the effects of neutron irradiation on the material properties of the RPV
beltline materials.

ENCLOSURE
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Table 1 to 10 CFR Part 50, Appendix G provides the NRC staff’s criteria for meeting the P-T
limit requirements of ASME Code, Section XI, Appendix G, as well as the minimum temperature
requirements of the rule for bolting up the vessel during normal and pressure testing operations.
In addition, NRC staff regulatory guidance related to P-T limit curves is found in Regulatory
Guide (RG) 1.99, Revision 2, “Radiation Embrittlement of Reactor Vessel Materials,”

(Reference 7), and NUREG-0800, Standard Review Plan (SRP), Section 5.3.2,
“Pressure-Temperature Limits and Pressurized Thermal Shock” (Reference 8).

The regulation at 10 CFR Part 50, Appendix H (Reference 9), provides the NRC staff’s criteria
for the design and implementation of RPV material surveillance programs for operating
light-water reactors.

In March 2001, the NRC issued RG 1.190, “Calculational and Dosimetry Methods for
Determining Pressure Vessel Neutron Fluence” (Reference 10). Neutron fluence calculations
are acceptable if they are performed with approved methodologies or with methods which are
shown to conform to the guidance in RG 1.190.

2.2 Technical Specification Requirements for P-T Limits

Section 182a of the Atomic Energy Act of 1954 requires applicants for nuclear power plant
operating licenses to include TS as part of the license. The Commission's regulatory
requirements related to the content of TS are set forth in 10 CFR 50.36 (Reference 11). This
regulation requires that the TS include items in five specific categories: (1) safety limits, limiting
safety system settings and limiting control settings; (2) limiting conditions for operation (LCOs);
(3) surveillance requirements (SRs); (4) design features; and (5) administrative controls.

The reguiation at 10 CFR 50.36(c)(2)(ii) requires that LCOs be established for the P-T limits
because the parameters fall within the scope of the Criterion 2 identified in the rule:

Criterion 2: A process variable, design feature, or operating restriction that is an
initial condition of a design basis accident or transient analysis that either
assumes the failure of or presents a challenge to the integrity of a fission product
barrier.

The P-T limits for BWRs fall within the scope of Criterion 2 of 10°'CFR 50.36(c)(2)(ii) and were
therefore required to be included within the TS LCOs for a plant-specific facility operating
license. On January 31, 1996, the NRC staff issued GL 96-03 to inform licensees that they may
request a license amendment to relocate the P-T limit curves and/or low temperature
over-pressure protection (LTOP) limit setpoint values from the TS LCOs into a PTLR or other
licensee-controlled document that would be controlled through the Administrative Controls
Section of the TS. In GL 96-03, the NRC staff informed licensees that, in order to implement a
PTLR, the P-T limit curves and LTOP limits for U.S. licensed light-water reactors would need to
be generated in accordance with an NRC-approved methodology and that the methodology to
generate the P-T limit curves and LTOP limits would need to comply with the requirements of
10 CFR Part 50, Appendices G and H; be documented in an NRC-approved topical report or
plant-specific submittal; and be incorporated by reference in the Administrative Controls Section
of the TS. The GL also mandated that the TS Administrative Controls Section would need to
reference the NRC staff’s safety evaluation (SE) issued on the PTLR request and that the PTLR



3

be defined in Section 1.0 of the TS. Attachment 1 to GL 96-03 provided a list of the criteria that
the approved methodology and PTLR would be required to meet.

Technical Specification Task Force (TSTF) Traveler No. TSTF-419, “Revise PTLR Definition
and References in ISTS [Improved Standard Technical Specifications] 5.6.6, RCS PTLR”
(Reference 12) amended the Standard Technical Specifications (STS) (NUREGs-1430, -1431,
-1432, -1433, and -1434) by: (1) deleting references to the TS LCO specifications for the P-T
limits and LTOP system limits in the TS definition of the PTLR, and (2) revising STS 5.6.6 to
identify, by number and title, NRC-approved topical reports that document PTLR methodologies,
or the NRC SE for a plant-specific methodology by NRC letter and date. A requirement was
added to the reviewers note to specify the complete citation of the PTLR methodology in the
plant-specific PTLR, including the report number, title, revision, date, and any supplements.

Only the figures, values, and parameters associated with the P-T limits and LTOP system limits
are relocated to the PTLR. The methodology for their development must be reviewed and
approved by the NRC. TSTF-419 did not change the requirements associated with the review
and approval of the methodology or the requirement to operate within the limits specified in the
PTLR. Any changes to a methodology that had not been approved by the NRC staff would
continue to require NRC staff review and approval pursuant to the license amendment request
provisions and requirements of 10 CFR 50.90 (Reference 13).

3.0 TECHNICAL EVALUATION

As stated in Section 2.1 of this SE, 10 CFR Part 50, Appendix G requires that licensees
establish limits on the pressure and temperature of the RCPB to protect it against brittle failure.
These limits are defined by P-T limit curves for normal operations, including heatup and
cooldown operations of the reactor coolant system (RCS) and system hydrostatic tests.

BWROG LTR NEDC-33178P, Revision 1 has six sections, nine appendices and two
attachments. Section 1.0 provides the introduction and the purpose for the LTR. Section 2.0
provides the scope of the analysis, and Section 3.0 refers to Attachment 1 for the assumptions
for the plant-specific P-T analysis. Section 4.0 describes the analysis methods for developing
P-T limits. Section 5.0 provides conclusions and recommendations and Section 6.0 provides
references. Attachment 1 provides an example of a P-T curve report template. Attachment 2
provides an example of a PTLR. Appendices A through H provide background information used
for performing the analyses described in Section 4.0 of the LTR. Appendix | provides guidance
for evaluating surveillance data.

3.1 Evaluation of Section 4.0 of the LTR

The NRC staff’'s evaluation of Sections 4.1 through 4.3 of the LTR is based on the criteria
contained in Attachment 1 of GL 96-03. Attachment 1 of GL 96-03 contains seven technical
criteria that the contents of proposed methodology should conform to for PTLRs acceptable to
the NRC staff. The NRC staff’s evaluations of the contents of BWROG methodology against the
seven criteria in Attachment 1 of GL 96-03 are given below.
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GL 96-03. Attachment 1 Methodology Criterion 1

Methodology Criterion 1 requires that the methodology describe the transport calculation
methods including computer codes and formulas used to calculate neutron fluence.

The GL 96-03 conformance table in the BWROG’s November 15, 2007, letter indicates this LTR
does not describe the transport calculation methods including computer codes and formulas
used to calculate neutron fluence. However, Section 4.2.1.2 of the LTR indicates that the
neutron fluence will be determined using an approved methodology consistent with RG 1.190.
Further, this section indicates the neutron fluence is defined in Section 4.2.1.2 of Attachment 1
and Appendix B of the PTLR. Section 4.2.1.2 of Attachment 1 requires the licensee to identify
the report used to calculate the neutron fluence and to document that the plant-specific neutron
fluence calculation will be performed using an approved neutron fluence calculation
methodology. Therefore, this will be a plant-specific action item to be addressed by licensees.
Since the LTR methodology indicates that the neutron fluence calculation methodology must
comply with RG 1.190 and have been approved by the NRC, this criterion has been satisfied.

GL 96-03, Attachment 1 Methodology Criterion 2

Methodology Criterion 2 requires that the methodology describe the surveillance program and
indicates that the PTLR should contain a place holder for the requested information.

The GL 96-03 conformance table in the BWROG’s November 15, 2007, letter indicates this
information is in Section 4.2.2 of the LTR. This section indicates that the BWR integrated
surveillance program is applicable to each BWR reactor vessel and is described in the
BWRVIP-102 report, “BWR Vessel and Internals Project Integrated Surveillance Program
Implementation Guidelines,” and the BWRVIP-135 report, “BWR Vessels and Internals
Integrated Surveillance Program (ISP) Data Source Book and Plant Evaluations.” Since these
BWRVIP reports describe the BWR integrated surveillance program, th|s criterion has been
satisfied.

GL 96-03, Attachment 1 Methodology Criterion 3

Methodology Criterion 3 requires that the methodology describe how the LTOP system limits
are calculated applying system/thermal hydraulics and fracture mechanics.

This methodology does not need to address this criterion since it only apphes to pressurized
water reactors (PWRs) and the methodology applies to BWRs.

GL 96-03, Attachment 1 Methodology Criterion 4

Methodology Criterion 4 requires that the methodology describe the method for calculating the
adjusted reference temperature (ART) using RG 1.99, Revision 2.

Sections 4.1 and 4.2 describe the method for determining the material properties for reactor
vessel beltline and non-beltline region materials. The unirradiated reference temperature (initial
RTwor) is determined using the method described in ASME Code, Section lIl, Subsection
NB-2300, where sufficient data is available. If insufficient data is available, the initial RTypr is
determined using the methodology described in GENE NEDC-32399-P (Reference 14). This
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methodology was approved by the NRC on December 16, 1994 (Reference 15). The ART, an
indirect measure of the RPV material fracture toughness, is determined using the methodology
described in RG 1.99, Revision 2. The ART is defined in the RG as the sum of the initial RTnoT,
the shift in reference temperature caused by irradiation (ARTnp7), and the margin term.

Section 4.1.2, “Values of Initial RTypr and Lowest Service Temperature (LST),” indicates:

Where the lowest energy Charpy value is less than 50 ft-lb, it is adjusted by
adding 2 °F per ft-Ib energy difference from 50 ft-Ib. If the test specimens are
transverse and the lowest energy Charpy value is less than 50 ft-Ib, it is adjusted
by adding 3 °F per ft-Ib energy difference from 50 ft-lbs.

The NRC staff noted that the second sentence in the above statement is inconsistent with the
example that follows in this section.

The response to NRC staff RAl 10 in the BWROG’s November 15, 2007, letter indicated the
following:

The example presented represents only the longitudinal specimen method. To
further clarify, a second example for the plate material will be added to this
section to demonstrate the methodology for a transverse specimen. The
methodology used for the transverse specimens is consistent with that
methodology defined in NEDC-32399P; this additional process was added to
account for older plants, where all of the ASME Code requirements were not met.

In the same response, the BWROG proposed to add the following to clarify this section
of the LTR:

A second example, for a plate material based upon transverse specimens, is
seen below.

The lowest Charpy energy and test temperature from the CMTRs [Certified

Material Test Reports] are 47 ft-lb and 13 °F. The estimated transverse 50 ft-Ib
test temperature is:

Tsor = 10 °F + [(50 - 47) ft-Ib* 3 °F/ft-Ib] = 19 °F
The initial RTnpr is the greater of NDT [nil-ductility temperature] or (Tsor - 60 °F).
Tsor - 60 °F = 19 °F - 60 °F = -41 °F

Dropweight testing to establish NDT for plate material is listed in the CMTR; the
NDT for this material is -20 °F. Therefore, the initial RTypr for this plate heat is -
20 °F.

Since the proposed change to the LTR is consistent with the methodology approved by the NRC
staff, it is acceptable. The NRC staff verified that the change has been implemented in the
revised LTR dated December 2008.
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The margin term that is defined in RG 1.99, Revision 2, is dependent upon the standard
deviation for the initial RTnpt (0)) and the standard deviation for the ARTypt (0a). Section 4.2.1
of the LTR indicates:

The margin term g, as described above, is defined in RG 1.99: this methodology
is used except when Integrated Surveillance Program data from
BWRVIP-135...is available, and BWRVIP-102...methods are applied.

In response to NRC staff RAl 11, the BWROG indicated the following in its November 15, 2007,
letter:

This statement was intended to indicate that RG 1.99 is to be used to determine
the margin term, and that the procedures of BWRVIP-102 should be followed to
incorporate surveillance data from the ISP.

In the same response, the BWROG proposed to add the following to clarify this section
of the LTR:

The margin term o,, as described above, is defined in RG 1.99. When
Integrated Surveillance Program data from BWRVIP-135...are available,
BWRVIP-102...provides guidance with respect to applying the requirements of
RG 1.99 to this data. Appendix | of this report also contains guidance regarding
the application of surveillance data.

The proposed change and explanation provide the necessary clarification to ensure that
RG 1.99, Revision 2, is properly applied by licensees. The NRC staff verified that the change
has been implemented in the revised LTR dated December 2008.

Since the GL 96-03 conformance table in the BWROG’s November 15, 2007, letter indicates the
information for calculating the ART is in Section 4.2 of the LTR, and this section describes the
methodology documented in RG 1.99, Revision 2, this criterion has been satisfied.

GL 96-03, Attachment 1 Methodology Criterion 5

Methodology Criterion 5 requires that the methodology describe the application of fracture
mechanics in the construction of P-T curves based on ASME Code Section Xl, Appendix G, and
SRP Section 5.3.2.

The GL 96-03 conformance table in the BWROG'’s November 15, 2007, letter indicates this
information is in Section 4.3 of the LTR. This section of the report describes the methodology
for developing P-T curves for the lower vessel region, the upper vessel region, the core beltline
region, and the closure flange region of the RPV.

The lower vessel region analyses evaluate the materials in the bottom head, control rod drive
(CRD) penetrations and the nozzles, skirt, attachments to the bottom head (Tables 4-5a and
4-5b in the LTR). The bottom head analysis for pressure and leak test conditions is described in
Section 4.3.2.1.1 of the LTR. The limit for the coolant temperature rate change for the pressure
and leak test is 20 °F/hour. The bottom head analysis for core not critical heatup/cooldown
conditions is described in Section 4.3.2.1.2 of the LTR. The core not critical P-T limit curves
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were developed based on assumed 100 °F/hour heatup/cooldown rates and bounding bottom
head transients defined on the plant-specific RPV thermal cycle and nozzle thermal cycle
diagrams.

The upper vessel region analyses evaluate materials in the upper shell, closure flange and the
nozzles, skirts and attachments to the upper shell (Tables 4-4a and 4-4b in the LTR). The
upper vessel region analysis for pressure and leak test conditions is described in Section
4.3.2.1.3 of the LTR. The upper shell region analysis for core not critical heatup/cooldown
conditions is described in Section 4.3.2.1.4 of the LTR. The core not critical P-T limit curves -
were developed from the bounding feedwater transients defined on the plant-specific RPV
thermal cycle and nozzle thermal cycle diagrams.

The core beltline region analyses evaluate materials in the shell region of the RPV that are
adjacent to the active fuel, such that the neutron fluence is sufficient to cause a significant shift
of the RTnor (i-€., at a neutron fluence exceeding 1.0E17 n/cm? (E>1MeV)). The beltline region
analysis for pressure and leak test conditions is described in Sections 4.3.2.2.1 and 4.3.2.2.2 of
the LTR. The beltline region analysis for core not critical heatup/cooldown conditions is
described in Sections 4.3.2.2.3 and 4.3.2.2.4 of the LTR. Appendix E describes the method to
determine whether there are any RPV discontinuities be included in the beltline region.

The closure flange region analyses evaluate materials in the top head and shell closure flanges
in the RPV. The closure flange region analysis for pressure and leak test conditions and the
closure flange region analysis for core not critical heatup/cooldown conditions are described in
Section 4.3.2.3 of the LTR.

In addition to the fracture mechanics analyses documented in Section 4.3, Appendices F, G,
and H contain detailed fracture mechanics analyses for various RPV regions. Appendix F
describes the supplemental analysis performed for nozzles that are within the beltline region.
Appendix G provides supplemental analyses for thickness transition discontinuities between the
bottom head, lower torus and the upper torus and thickness transition discontinuities in the
beltline region. Appendix H provides a supplemental analysis for the bottom head CRD
penetrations.

The analyses described in Section 4.3 and Appendices F, G, and H of the LTR were performed
to satisfy the requirements in 10 CFR Part 50, Appendix G and Appendix G to Section XI of the
ASME Code. The Edition and Addenda of ASME Code, Section Xl used in the plant-specific
evaluation will be specified in the plant-specific report provided to the licensee and the PTLR.
The methodology includes the following: 1) the use of K. from Figure A-4200-1 of Appendix A
to ASME Code, Section XI and based on T-RTypr, and 2) the use of the M,, calculation in ASME
Code, Section XI|, Paragraph G-2214.1 for a postulated defect normal to the direction of
maximum stress. In its November 15, 2007, letter, the BWROG indicated in its response to
NRC staff RAI 1a that the methodology described in Section 4.3 and Appendix F has been
reported in P-T curve reports for Columbia Generating Station (Reference 16), Duane Arnold
Energy Center (Reference 17) and LaSalle County Station, Units 1 and 2 (References 18

and 19, respectively). At the time these reports were prepared, the beltline nozzle methodology
was not presented in a separate appendix; however, the methodology discussion was included
in the report text. The NRC staff approved the P-T curves for Columbia Generating Station,
Duane Arnold Energy Center and LaSalle County Station, Units 1 and 2 in SEs that are
documented in References 20, 21 and 22, respectively.
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In the November 15, 2007, letter, the BWROG indicated that the methodology described in
Appendix G of the LTR has been reported in Appendix G of the P-T curve reports for Columbia
Generating Station, Fermi, Unit 2 (Reference 23), and LaSalle County Station, Unit 1. The NRC
staff approved the P-T curves for Fermi, Unit 2 in a SE that is documented in Reference 24.

In the November 15, 2007, letter, the BWROG indicated that the methodology described in
Appendix H of the LTR has been reported in Appendix F of Dresden Nuclear Power Station,
Units 2 and 3 (References 25 and 26, respectively) and Quad Cities Nuclear Power Station,
Units 1 and 2 (References 27 and 28, respectively) and Appendix G of the P-T limit curve report
for LaSalle County Station, Units 1 and 2. The NRC staff approved the P-T curves for Dresden
Nuclear Power Station, Units 2 and 3 and Quad Cities Nuclear Power Station, Units 1 and 2 in
an SE that is documented in Reference 29.

Since the methodologies contained in Section 4.3 and Appendices F, G, and H of the LTR have
been previously reviewed and approved by the NRC staff in the aforementioned plant-specific
reviews, the BWROG's fracture mechanics analyses are acceptable for utilization in calculating
P-T limit curves. Hence, this criterion has been satisfied.

GL 96-03, Attachment 1 Methodology Criterion 6

Methodology Criterion 6 requires that the methodology describe how the minimum temperature
requirements in Appendix G to 10 CFR Part 50 are applied to P-T limit curves.

The GL 96-03 conformance table in the BWROG’s November 15, 2007, letter indicates this
information is in Section 4.3 of the LTR. Table 4-3 in the LTR identifies the 10 CFR Part 50,
Appendix G requirements for pressure and leak test, normal operation (heatup and cooldown,
including anticipated operational occurrences) with the core not critical, and operation with the
core critical conditions. As discussed under Criterion 5, the P-T limits for pressure and leak test
and heatup and cooldown, including anticipated operational occurrences with the core not
critical conditions have been previously evaluated and have satisfied the minimum temperature
requirements in Appendix G to 10 CFR Part 50.

The core critical operation condition evaluation is described in Section 4.3.2.4 of the LTR. This
evaluation satisfies the minimum temperature requirements of Appendix G to 10 CFR Part 50.
Hence, this criterion has been satisfied.

- GL 96-03, Attachment 1 Methodology Criterion 7

Methodology Criterion 7 requires that the methodology describe how the data from multiple
surveillance capsules are used in the ART calculation.

The GL 96-03 conformance table in the BWROG’s November 15, 2007, letter indicates this
information is in Section 4.2 and Appendix | of the LTR. Section 4.2 does not indicate that
surveillance data is to be evaluated in accordance with Appendix I. In response to NRC staff
RAI 4, the BWROG stated that Section 4.2 will be revised to indicate: :

Surveillance material information, where applicable, shall be evaluated in
accordance with Section 4.2.2 and Appendix .
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This revision clarified the BWROG’s evaluation of surveillance data. The NRC staff confirmed
that the revised LTR dated December 2008, has incorporated the stated change.

Appendix | contains the guidance for use of BWRVIP ISP surveillance data. This guidance
document indicates:

If there is new surveillance data for any heat that is located in the vessel beitline
(e.g., heat numbers match), then [Procedure 1] can be used as a guide for
evaluating the new information. A new Adjusted Reference Temperature (ART)
should be calculated for the vessel material to determine whether plant vessel
integrity evaluations are affected.

If there is new information but that same heat number is not contained in the
vessel beltline, then [Procedure 2] can be used as a guide for evaluating the new
information.

Procedure 1 follows the methodology documented in Position 2.1 of RG 1.99, Revision 2, and
the NRC staff guidance presented by the NRC staff in an NRC/Industry workshop

(Reference 30). Position 2.1 in RG 1.99, Revision 2, contains NRC staff guidance for evaluating
surveillance data when there are two or more credible surveillance data points. Credibility is
determined following the guidance in RG 1.99, Revision 2.

Procedure 2 is applicable when the heat number for the surveillance material does not match
the heat number for the RPV material. In this case the ART is determined using the guidance in
Position 1.1 of RG 1.99, Revision 2. Position 1.1 in RG 1.99, Revision 2, contains NRC staff
guidance for determining the ART based on the chemical composition (weight-percent copper
and nickel) of the RPV material.

The NRC staff identified issues with the procedures specified in Appendix | via RAls sent to the
BWROG. The BWROG responded with proposed changes to Appendix | of the LTR. These
changes, as discussed below in the evaluation of Appendix |, are acceptable because they
provide additional guidance to the licensees and the guidance has been previously approved by
the NRC staff. Based on the changes documented in Section 3.2 of this SE and the fact that
the procedures follow guidance recommended by the NRC staff, this criterion has been
satisfied.

3.2 Evaluation of Appendix | of the LTR

Appendix | provided guidance for the use of the BWRVIP ISP surveillance data. The BWRVIP
ISP replaced individual plant RPV surveillance capsule programs with representative weld and
base materials data from host reactors. A representative material is a plate or weld material
that is selected from among all the existing plant surveillance programs or the Supplemental
Surveillance Program (SSP) to represent one or more limiting plate or weld materials in a plant.
The BWRVIP ISP is responsible for providing each BWR plant with surveillance data for the
materials assigned to represent that plant's limiting RPV weld and base materials. Piant
owners, in turn, are responsible for evaluating the data using the methods in RG 1.99,

Revision 2, in accordance with 10 CFR Part 50, Appendix G, for the determination of ART
values. Procedure 1 in the original LTR, as discussed above did not require that the
surveillance data meet all the criteria in RG 1.99, Revision 2, in determining the credibility of the
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data. Inresponse to NRC staff RAI 5, the BWROG's November 15, 2007, letter indicated that
the following two steps will be added to Step 3 in Procedure 1 of Appendix I:

d) Scatter in the plots of Charpy energy versus temperature for the irradiated
and unirradiated conditions should be small enough to permit the determination
of the 30 foot-pound temperature and the upper shelf energy unambiguously.

e) When there are two or more sets of surveillance data from one reactor, the
scatter of DRTpt [(ARTnpT)] Values about a best-fit line drawn as described in
Regulatory Guide, Revision 2, Reguiatory Position 2.1, normally should be less
than 28 °F for welds and 20 °F for base metal. Even if the fluence range is large
(two or more orders of magnitude), the scatter should not exceed twice those
values. Even if the data fail this criterion for use in shift calculations, they may be
credible for determining decrease in upper shelf energy if the upper shelf can be
clearly determined, following the definition given in ASTM E185-82.

Procedure 1 in the original LTR also did not contain an adequate description of the criteria to be
used if the vessel wall temperature is an outlier. In response to NRC staff RAls 6 and 11, the
BWROG proposed to revise Procedure 1, Step 3(b), as follows, and add a reference to
available NRC staff guidance [Reference 60] to the LTR:

b) If the vessel wall temperature is an outlier, appropriate temperature
adjustments to the surveillance data may be required. An appropriate
temperature adjustment is a 1 °F increase in ARTypr per 1 °F decrease in
irradiation temperature {7]. Any temperature adjustments shall be identified and
described in the PTLR.

Note that Reference 30 to this SE is equivalent to the “Reference 20” which was noted in the
revised text above and which the BWROG proposed to add to Section 6.0 of the LTR.

Procedures 1 and.2 from the original LTR did not provide an adequate description of the
determination of initial RTypt. In response to NRC staff RAI 7, the BWROG proposed to revise
the “Definitions and Background” section of Procedures 1 and 2 as follows:

Initial RTnpr is the reference temperature for the unirradiated materials as defined
in Paragraph NB-2331 of Section Ili of the ASME Boiler and Pressure Vessel
Code. Some plants have measured values of initial RTypr; other plants use
generic values. For generic values of weld metal, the following generic mean

- values must be used: 0 °F for welds made with Linde 80 flux, and - 56 °F for
welds made with Linde 0091, 1092, and 154 and ARCOS B-5 weld fluxes [6].
Other generic mean values may be used, provided they are justified and have
NRC review and approval. The generic mean values used shall be identified in
the PTLR.

Procedures 1 and 2 from the original LTR did not provide an adequate description of how to
determine the best estimate chemistry of a material. In response to NRC staff RAI 8, the
BWROG proposed to revise the note in Step 5 of Procedure 1 and Step 3 of Procedure 2 as
follows:
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Note: Revised best estimate chemistries for selected BWR vessel and
surveillance capsule materials have been calculated by the BWRVIP, as
documented in BWRVIP-86-A [1]. Calculation of the best estimate chemistries
for all other vessel materials should be determined in accordance with the NRC
practice documented in [7]. The suggested practice is documented in guidelines
contained in BWRVIP-135. This evaluation is the responsibility of the plant, must
be described in the PTLR, and must utilize NRC-approved methods.

Based on the proposed changes to Procedures 1 and 2 in Appendix | of the LTR, the NRC staff
determined that Appendix | of the revised LTR, NEDC-33178, Revision 1, contains sufficient
information for licensees to evaluate surveillance data and the ART for the limiting beltline
material, in accordance with RG 1.99, Revision 2. The NRC staff verified that the change has
been implemented in the revised LTR dated December 2008.

3.3 Evaluation of Attachment 2 of the LTR

Attachment 2 of the LTR provides a template PTLR. To ensure that the P-T limits were
developed using the LTR methodology, the NRC staff, in NRC RAI 9, requested that the
following information be included in the PTLR:

a) The method of determining the initial RTnor (i.e., ASME Code, Generic, Branch
Technical Position - MTEB 5-2 in SRP 5.3.2 in NUREG-0800, or other NRC
approved methodologies),

b) The computer codes used in the finite element analysis to determine bending
and membrane stresses,

) Identify whether Procedure 1 or Procedure 2 was utilized to evaluate the
surveillance data. If surveillance data was utilized, provide the surveillance data
and the analysis of the surveillance data that was used to determine the ART. If
surveillance data was not utilized, state why it was not utilized, and

d) Identify whether any of the P-T limit curves were adjusted to bound the analyses
documented in Section 4.3 of the LTP or in accordance with Attachment 1,
Appendix G. Identify the required adjustment in each P-T curve.

In its November 15, 2007, response to NRC staff RAl 9, the BWROG proposed that the
following be added to Section 5 of the template PTLR:

The method for determining the initial RTypr for all vessel materials is that
defined in Section 4.1.2 of Reference 6.2. [Any deviations from this methodology
are discussed below.] Initial RTypr values for all vessel materials considered are
presented in tables in this PTLR.

No new computer codes have been used in the development of the P-T curves.

OR
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The following computer codes, which are not described in the topical report, have
been used in developing the P-T curves for [PLANT NAME].

For [PLANT NAME], the limiting material [HEAT #] considered Procedure [1]
defined in Appendix | of Reference 6.2. This procedure was used because [the
vessel material and the surveillance material are identical heats]. [If surveillance
data was utilized, provide the surveillance data and the analysis of the
surveillance data that was used to determine the adjusted reference temperature
(ART). If surveillance data was not utilized, state why it was not utilized.]

For [PLANT NAME], there is a thickness discontinuity in the vessel [between the
bottom head torus and dollar plate]. The P-T curves defined in Section 4.3 of
Reference 6.2 are based upon an RTypr of [XXX] °F.

Based on the proposed changes to the template PTLR in Attachment 2, the NRC staff
determined that the template PTLR contains sufficient information for the NRC staff to perform
an independent evaluation of the P-T curves in accordance with RG 1.99, Revision 2 and the
fracture mechanics methodology described in Section 4.3 of the LTR. The NRC staff verified
that the change has been implemented in the revised LTR dated December 2008.

4.0 LIMITATIONS AND CONDITIONS

As documented in Section 3.1 of this SE, licensees who chose to implement NEDC-33178,
Revision 1 as their facility’s PTLR methodology must address one plant-specific action item:

The licensee must identify the report used to calculate the neutron fluence and
document that the plant-specific neutron fluence calculation will be performed
using an approved neutron fluence calculation methodology.

information to address this licensee action item must be submitted with the licensee’s
requested license amendment to implement a PTLR for its facility.

5.0 CONCLUSION

The NRC staff concludes that BWROG LTR NEDC-33178P, Revision 1, satisfies the
criteria in Attachment 1 in GL 96-03 and provides adequate methodology for BWR
licensees to calculate P-T limit curves, given that licensees referencing this LTR comply
with the conditions listed in Section 4.0 of this SE. Using this methodology and following
the PTLR guidance in GL 96-03, as amended by NRC TSTF-419, BWR licensees will be
able to relocate the P-T limit curves from TS to a PTLR, a licensee-controlled document.
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ABSTRACT

This document presents the methodology developed by the GE Hitachi Nuclear
Energy (GEH) for the determination of reactor pressure vessel pressure-temperature
curves. The adequacy of the GEH methodology is demonstrated through a detailed
description of the calculation procedures and examples showing agreement between
GEH practices and the standards and Code requirements set forth in 10CFR50
Appendix G.

This report does not include development or licensing of vessel fluence methods,
which are covered by other LTRs. It is assumed that such fluence methods would be
utilized to develop the necessary and appropriate inputs for use in the P-T curve

development methodology outlined in this report.

This document is presented in the following manner. The main body of the report
provides the methodology and selected examples. An example template for the
plant-specific report that will be provided to the Utility is appended and denoted as
Attachment 1. This plant-specific report maintains the same numbering system as
the main body of this topical report, thereby allowing direct correlation between
sections of the main body (which presents the methodology) and the plant-specific
report (which presents only plant-specific data and calculations). Throughout this
topical report, reference is made to the plant-specific data that is contained in the
Attachment 1; in all cases, example information is provided in Attachment 1 to this
report. An example PTLR (Pressure-Temperature Limits Report) prepared for NRC
review is contained in Attachment 2. Attochment 3 contains the NRC RAls and the

responses provided.
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1.0 INTRODUCTION

The methodology for the pressure-temperature (P-T) curves included in this report has
been developed to present steam dome pressure versus minimum vessel metal
temperature incorporating appropriate  non-beltline limits and irradiation
embrittlement effects in thé beltline. P-T curves are provided in Section 5.0 and a

tabulation of the curves is included in Appendix B.

The methodology used to generate the P-T curves in this report is presented in
Section 4.3. The ASME Boiler and Pressure Vessel Code was used in this evaluation; the
Edition and Addenda used in the plant-specific evaluation are specified in
Attachment 1 (the plant-specific report provided to the Utility) and
Attachment 2 (hereinafter referred to as the PTLR). The P-T curve methodology
includes the following: 1) the use of K¢ from Figure A-4200-1 of Appendix A to
determine T-RTnor, and 2) the use of the Mm calculation in the ASME Code paragraph
G-2214.1 [6] for a postulated defect normal to the direction of maximum stress. P-T
curves are developed using geometry of the RPV shells and discontinuities, the initial
RTnor of the RPV materials, and the adjusted reference temperature (ART) for the

beltline materials.

The initial RTnor is the reference temperature for the unirradiated material as defined in
Paragraph NB-2331 of Section Il of the ASME Boiler and Pressure Vessel Code. The
Charpy energy data used to determine the initial RTnpt values are tabulated from the
Certified Material Test Report (CMTRs). The data and methodology used to determine

initial RTnpt are documented in Section 4.1.

Adjusted Reference Temperature (ART) is the reference temperature when including
irradiation shift and a margin term. Regulatory Guide 1.99, Rev. 2 [7] provides the
methods for calculating ART. The value of ART is a function of RPV 1/4T fluence and

beltline material chemistry. The ART calculation methodology is presented in
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Section 4.2; plant-specific calculations are provided in Section 4.2 of Attachment 1 and
Appendix B of the PTLR. Beltline chemistry values are discussed in Section 4.2.1.1;
plant-specific chemistry values are provided in Section 4.2.1.1 of Attachment 1 and
Appendix B of the PTLR. The peak ID fluence used in the plant-specific evaluation is
provided in Section 4.2.1.2 of Attachment 1 and Aplpendix B of the PTLR. It is noted that
this report does not include development or licensing of vessel fluence methods, which
are covered by other LTRs. It is assumed that such fluence methods would be utilized
to develop the necessary and appropriate inputs for use in the P-T curve development

methodology outlined in this report.

Appendix A includes comprehensive documentation of the RPV discontinuities. This
appendix also documents the non-beltline discontinuity curve that is used to protect
each discontinuity.  Appendix A of Attachment 1 provides the plant-specific

documentation.

Guidelines and requirements for operating and temperature monitoring are included in
Appendix C. Temperature monitoring requirements and methods are available in GE
Services Information Letter (SIL) 430 contained in Appendix D. Appendix E documents
components that have a fluence > 1.0e17 n/cm2, thus extending the beltline region
beyond the core, and demonstrates that all components requiring fracture toughness
evaluation are either included in the development of the P-T curves or are outside the
beltline region; Appendix E of Attachment 1 documents the plant-specific application,
which is also included in Appendix B of the PTLR. Appendix F provides an example
calculation for a beltline curve where a nozzle is the limiting material. Appendix G
contains an example evaluation of the vessel wall thickness discontinuities in the
beltline and bottom head regions; Appendix G of Attachment 1 provides the plant-
specific evaluation where applicable.  Appendix H provides a core-not-critical
calculation for the bottom head (CRD penetration). Appendix | presents guidance for

the use of ISP surveillance data, which has been provided by EPRI. Finally, Appendix J
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presents a calculation for the instrumentation nozzles that can be found in the beltline

and non-beltline regions.

Attachment 1 of this report provides an example of the plant-specific Pressure-
Temperature Curve Report prepared for presentation to the Utility, which complements
the Licensing Topical Report. Attachment 2 contains the Pressure-Temperature Limits
Report (PTLR) prepared for presentation to the NRC. Attachment 3 contains the NRC

RAls and the responses provided.
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2.0 SCOPE OF THE ANALYSIS

A detailed description of the P-T curve bases is included in Section 4.3. The ASME Boiler
and Pressure Vessel Code was used in this evaluation; the Edition and Addenda used in
the plant-specific evaluation are specified in the Attachment 1 Utility report and the
Attachment 2 PTLR. The P-T curve methodology includes the following: 1) the use of
Kic from Figure A-4200-1 of Appendix A to determine T-RTnor, and 2) the use of the Mnm
calculation in the ASME Code paragraph G-2214.1 for a postulated defect normal to
the direction of maximum stress. Other features presented are:
e Generation of separate curves for the upper vessel in addition to those
generated for the beltline, and bottom head.
e Comprehensive description of discontinuities used to develop the non-
beltline curves (see Appendix A).
The pressure-temperature (P-T) curves are established to the requirements of
10CFR50, Appendix G [8] to assure that brittle fracture of the reactor vessel is
prevented. Part of the analysis involved in developing the P-T curves is to account for
irradiation embrittlement effects in the core region, or beltline. The method used to
account for irradiation embrittlement is described in Regulatory Guide 1.99, Rev. 2 [7].
It is noted that this report does not include development or licensing of vessel fluence
methods, which are covered by other LTRs. It is assumed that such fluence methods
would be utilized to develop the necessary and appropriate inputs for use in the P-T

curve development methodology outlined in this report.

In addition to beltline considerations, there are non-beltline discontinuity limits such as
nozzles, penetrations, and flanges that influence the construction of P-T curves. The
non-beltline limits are based on generic analyses that are adjusted to the maximum
reference temperature of nil ductility transition (RTnor) for the applicable vessel
components. The non-beltline limits are discussed in Section 4.3 and are also

governed by requirements in [8].
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Furthermore, curves are included to allow monitoring of the vessel bottom head region
separate from the upper vessel/beltline region. This refinement could minimize
heating requirements prior to pressure testing. Operating and temperature monitoring
requirements are found in Appendix C. Temperature monitoring requirements and
methods are available in GE Services Information Letter (SIL) 430 contained in
Appendix D. Appendix E documents components that have a fluence = 1.0e17 n/cmz2,
thus extending the beltline region beyond the core, and demonstrates that all
components requiring fracture toughness evaluation are either included in the
development of the P-T curves or are outside the beltline region; Appendix £ of the
PTLR documents the plant-specific application. Appendix F provides an example
calculation for a beltline curve where a nozzle is the limiting material. Appendix G
contains an example evaluation of the vessel wall thickness discontinuities in the
beltline and bottom head regions; Appendix G of Attachment 1 provides the plant-
specific evaluation where applicable.  Appendix H provides a core-not-critical
calculation for the bottom head (CRD penetration). Appendix | presents guidance for
the use of ISP surveillance data, which has been provided by EPRI. Finally, Appendix J
provides a calculation for the instrumentation nozzles that can be found in the beltliné

and non-beltline regions.

Attachment 1 of this report provides an example of the pldnt—speciﬁc Pressure-
Temperature Curve Report prepared for presentation to the Utility, which complements
the Licensing Topical Report. Attachment 2 contains the Pressure-Temperature Limits
Report (PTLR) prepared for presentation to the NRC. Attachment 3 contains the NRC

RAls and the responses provided.
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3.0 ANALYSIS ASSUMPTIONS

Assumptions made for this analysis include the plant-specific hydrostatic pressure test
and the fuel shutdown margin. All assumptions are described in Section 3 of the plant-

specific Utility P-T curve report in Attachment 1.
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4.0 ANALYSIS

4.1 INITIAL REFERENCE TEMPERATURE

4.1.1 Background

The initial RTnor values for the low alloy steel vessel components are needed to
develop the vessel P-T limits. The applicable ASME Code of Construction for the plant-
specific RPV is specified in Section 4.1 of Attachment 1.

411.1 The requirements for establishing the vessel component toughness prior

to 1972 were per the ASME Code Section Ill, Subsection NB-2300 and are summarized

as follows:

a. Test specimens shall be longitudinally oriented CVN specimens.

b. At the qualification test temperature (specified in the vessel purchase
specification), no impact test result shall be less than 25 ft-lb, and the
average of three test results shall be at least 30 ft-Ib.

C. Pressure tests shall be conducted at a temperature at least 60°F above
the qualification test temperature for the vessel materials.

4.1.1.2 The current requirements used to establish an initial RTnor value are

significantly different. For plants constructed according to the ASME Code after
Summer 1972, the requirements per the ASME Code Section lli, Subsection NB-2300
are as follows:
a.  Test specimens shall be transversely oriented (normal to the rolling
direction) CVN specimens.
b. RTnot is defined as the higher of the dropweight NDT or 60°F below the
temperature at which Charpy V-Notch 50 ft-lb energy and 35 mils lateral

exponsion are met.
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C. Bolt-up in preparation for a pressure test or normal operation shall be
performed at or above the highest RTnor of the materials in the closure
flange region or lowest service temperature (LST) of the bolting material,

whichever is greater.

4113 10CFR50 Appendix G [8] states that for vessels constructed to a version
of the ASME Code prior to the Summer 1972 Addendum, fracture toughness data and
data analyses must be supplemented in an approved manner. GE developed methods
for analytically converting fracture toughness data for veésels constructed before
1972 to comply with current requirements. These methods were developed from data
in WRC Bulletin 217 [9] and from data collected to respond to NRC gquestions on FSAR
submittals in the late 1970s. In 1994, these methods of estimating RTnor were
submitted for generic approval by the BWR Owners’ Group [10], and approved by the
NRC for generic use [11].

4.1.2 Values of Initial RTnor and Lowest Service Temperature (LST)

To establish the initial RTnor temperatures for the plant-specific vessel per the current
requirements, calculations are performed in accordance with the GE method for
determining RTnor. Example RTnor calculations for vessel plate, forging, weld, and for
bolting material LST are summarized in the remainder of this section. Non-beltline
weld material values are not available for all plants. The plate or forging materials
typically bound the weld materials, and as such, the plate or forging material initial

RTwnor shall be used in these cases.

For vessel plate material, the first step in calculating RTnor is to establish the 50 ft-lb
transverse test temperature from longitudinal test specimen data (obtained from all
available sources such as certified material test reports, CMTRs, the Integrated
Surveillance Program (ISP), best-estimates, etc.). For most CMTRs, typically six energy
values were listed at a given test temperature, corresponding to two sets of Charpy

tests. Where the lowest energy Charpy value is less than 50 ft-Ib, it is adjusted by

-8-
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adding 2°F per ft-lb energy difference from 50 ft-Ib. If the test specimens are
transverse and the lowest energy Charpy value is less than 50 ft-lb, it is adjusted by

adding 3°F per ft-lb energy difference from 50 ft-lbs.

As an example, for a plate heat in the cylindrical shell course, the lowest Charpy energy
and test temperature from the CMTRs is 45 ft-lb at 10°F for a longitudinal test

specimen. The estimated 50 ft-Ib longitudinal test temperature is:
Tso = 10°F + [(50 - 45) ft-Ib - 2°F/ft-Ib ] = 20°F

The transition from longitudinal data to transverse data is made by adding 30°F to the

50 ft-Ib longitudinal test temperature; thus, for this case above,
Tsor = 20°F + 30°F = 50°F.
The initial RTnpr is the greater of nil-ductility transition temperature (NDT) or (Tsor- 60°F).
Tsor - 60°F = 50°F - 60°F = -10°F.

Dropweight testing to establish NDT for plate material is listed in the CMTR; the NDT for
~ the example case above is -20°F. Thus, the initial RTnor for the plate heat is -10°F.

A second example, for a plate material based upon transverse specimens, is seen

below.

The lowest Charpy energy and test temperature from the CMTRs are 47 ft-lb and 10°F.

The estimated transverse 50 ft-Ib test temperature is:
Tsor = 10°F + [ (50 - 47) ft-Ib * 3°F/ft-b] = 19°F
The initial RTnor is the greater of NDT or (Tsor - 60°F).

Teor-60°F =  19°F-60°F =  -41°F
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Dropweight testing to establish NDT for plate material is listed in the CMTR; the NDT for
this material is ~20°F. Therefore, the initial RTnor for this plate heat is -20°F.

For vessel forging material, such as nozzles and closure flanges, the method for

establishing RTnot is the same as for vessel plate material.

As an example, for a weld heat in the cylindrical shell, the CVN results are used to
calculate the initial RTyor.  The 50 ft-Ib test temperature is applicable to the weld
material, but the 30°F adjustment to convert longitudinal data to transverse data is not
applicable to weld material. The example heat has a lowest Charpy energy of 47 ft-Ib
at 10°F. Therefore,

Tsor = 10°F + [ (50 - 47) - 2°F/ft-Ib ] = 16°F

The initial RTnor is the greater of nil-ductility transition temperature (NDT) or
(Tsor - 60°F). Tsor - 60°F = 16°F - 60°F = -44°F.

For the example case, the dropweight testing to establish NDT was -50°F. The value of
(Tsor = 60°F) in this example is -44°F; therefore, the initial RTnpr was -44°F.

For the vessel HAZ material, the RTnpr is assumed to be the same as for the base
material, since ASME Code weld procedure qualification test requirements and post-

weld heat treat data indicate this assumption is valid.

For bolting material, the current ASME Code requirements define the lowest service
temperature (LST) as the temperature at which transverse CVN energy of 45 ft-Ib and
25 mils lateral expansion (MLE) were achieved. If the required Charpy results are not
met, or are not reported, but the CVN energy reported is above 30 ft-Ib, the
requirements of the ASME Code Section I, Subsection NB-2300 at construction are
applied, namely that the 30 ft-lb test temperature plus 60°F is the LST for the bolting

-10 -
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materials. If all of the requirements are met, the LST is considered to be the
temperature at which the tests were performed. Thus, the higher of the LST and the

RTnot +60°F is the bolt-up limit in the closure flange region.

The initial RTnor values for the reactor vessel (refer to Figure 4-1 of Attachment 1 and
Appendix B of the PTLR for the plant-specific schematic) materials are listed in
Table 4-1 of Attachment 1 and Appendix B of the PTLR. This tabulation includes
beltline, closure flange, feedwater nozzle, and bottom head materials that are
considered in generating the P-T curves. . The values presented in these tables and
used to determine the initial RTnor are typically obtained from the plant-specific vessel
CMTRs [12]. Non-plant-specific information regarding Initial RTnor may be obtained
from the BWRVIP ISP in accordance with Appendix I.

-11 -
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(2) See Appendix E for the definition of the beltline region.

- Figure 4-1: Example Schematic of a Plant-Specific RPV Showing
Arrangement of Vessel Plates and Welds
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The following table is included in the plant-specific P-T curve report {Attachment 1):

Table 4-1: RTnor Values for Plant-Specific Materials

This information is also included in Appendix B of the PTLR.

-13-
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4.2 ADJUSTED REFERENCE TEMPERATURE FOR BELTLINE

The adjusted reference temperature (ART) of the limiting beltline material is used to
adjust the beltline P-T curves to account for irradiation effects. Regulatory Guide 1.99,
Revision 2 (RG1.99) provides the methods for determining the ART. The RG1.99
methods for determining the Iimitihg material and adjusting the P-T curves using ART
are discussed in this section. P-T curves are typically provided for two unique periods
in time (an intermediate and an end of license EFPY). An evaluation of ART for all
beltline plates and welds is performed and summarized in Table 4-2 of Attachment 1
and is provided in Appendix B of the PTLR. Surveillance material information, where

available, shall be evaluated in accordance with Section 4.2.2 and Appendix I.

4.2.1 Regulatory Guide 1.99, Revision 2 (RG1.99) Methods

The value of ART is computed by adding the SHIFT term for a given value of effective
full power years (EFPY) to the initial RTnot. For RG1.99, the SHIFT equation consists of
two terms:
SHIFT = ARTnpr + Margin
where, ARTNDT= [CF] .- fl028-010l0gf)
Margin = 2(c12 + 0,2)95
CF = chemistry factor from Tables 1 or

2 of RG1.99
f= T fluence / 1019

Margin = 2(c12 + 04205

ol = standard deviation on initial
RTnot, Which is taken to be O°F
unless otherwise specified.

Oa = standard deviation on ARTnorT,
28°F for welds and 17°F for base
material, except that o, need not
exceed 0.50 times the ARTwor
value.

ART = Initial RTnoT + SHIFT

-14 -
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The margin term oa, as described above, is defined in RG 1.99. When Integrated
Surveillance Program data from BWRVIP-135 [5] are available, BWRVIP-102 [5]
provides guidance with respect to applying the requirements of RG1.99 to this data.
Appendix | of this report also contains guidance regarding the application of
surveillance data. Since the GE/BWROG method of estimating RTnor operates on the
lowest Charpy energy value (as described in Section 4.1.2) and provides a conservative
adjustment to the 50 ft-Ib level, the value of o/ is taken to be O°F for the vessel plate
and weld materials, unless otherwise specified (e.g., the ISP data). Surveillance
material information, where available, shall be evaluated in accordance with

Section 4.2.2 and Appendix |.

4211 Chemistry

The vessel beltline chemistries are obtained from all available plant-specific references
{e.g., CMTRs, Integrated Surveillance Program, best-estimates). The chemistry used for
the beltline region is presented in Table 4-2 of Attachment 1 and Appendix B of the
PTLR.

The copper (Cu) and nickel (Ni} values were used with Tables 1 and 2 of RG1.99, to
determine a chemistry factor (CF) per Paragraph 1.1 of RG1.99 for welds and plates,

respectively.

For any materials where Integrated Surveillance Program (ISP) data is available, both
the chemistry for the plant-specific vessel and the chemistry from the ISP are
presented. The adjusted CF is used to calculate the adjusted reference temperature
following the methods defined by BWRVIP-102 [5). Appendix | contains guidance for
the use of BWRVIP ISP surveillance data. Surveillance material information, where

available, shall be evaluated in accordance with Section 4.2.2 and Appendix |.

-15-
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4212 Fluence

The peak fluence for the RPV inner surface is determined using an approved
methodology consistent with Regulatory Guide 1.190 [13]. This fluence is defined in
Section 4.2.1.2 of Attachment 1 and Appendix B of the PTLR. Calculations for

1/4T fluence are performed in accordance with RG1.99 [7].

It is noted that this report does not include development or licensing of vessel fluence
methods, which are covered by other LTRs. It is assumed that such fluence methods
would be utilized to develop the necessary and appropriate inputs for use in the P-T

curve development methodology outlined in this report.

4.2.2 Limiting Beltline Material

The limiting beltline material signifies the material that is estimated to receive the
greatest embrittlement due to irradiation effects combined with initial RTnor.  Using
initial RTnor, chemistry, and fluence as inputs, RG1.99 was applied to compute ART.
Table 4-2 of Attachment 1 and Appendix B of the PTLR list values of beltline ART.

All Integrated Surveillance Program (ISP) capsule material data [S] applicable to each
BWR is used to represent each BWR vessel. These materials are included in the ART
calculations provided in Table 4-2 of Attachment 1 and Appendix B of the PTLR, and in

the determination of the limiting material that is represented in the beltline P-T curves.

The following tables are included in the plant-specific P-T  curve
report (Attachment 1) and Appendix B of the PTLR:

Table 4-2a: Plant-Specific Beltline ART Values {Intermediate EFPY)

Table 4-2b: Plant-Specific Beltline ART Values (End of License EFPY)

-16 -
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4.3 PRESSURE-TEMPERATURE CURVE METHODOLOGY

4.3.1 Background

Nuclear Regulatory Commission (NRC) 10CFR50 Appendix G [8] specifies fracture
toughness requirements to provide adequate margins of safety during the operating
conditions to which a pressure-retaining component may be subjected over its service
lifetime. The ASME Code (Appendix G of Section Xl [6]) forms the basis for the:
requirements of 10CFRS0 Appendix G. The operating limits for pressure and
temperature are required for three categories of operation: (a) hydrostatic pressure
tests and leak tests, referred to as Curve A; {b) non-nuclear heatup/cooldown (core not

critical), referred to as Curve B; and (c) core critical operation, referred to as Curve C.

There are four vessel regions that should be monitored against the P-T curve operating

limits; these regions are defined on the plant-specific thermal cycle diagram (2]:

e Closure flange region (Region A)
e Core beltline region (Region B)
e Upper vessel (Regions A & B)
e Lower vessel (Regions B & C)

The closure flange region includes the boits, top head flange, and adjacent plates and
welds. The core beltline is the vessel location adjacent to the active fuel, such that the
neutron fluence is sufficient to cause a significant shift of RTnor (>1.0e17 n/cm2; see
Appendix E). The remaining portions of the vessel (i.e., upper vessel, lower vessel)
include shells, components like the nozzles, the support skirt, and stabilizer brackets;

these regions will also be called the non-beltline region.

For the core not critical and the core critical curves, the P-T curves specify a coolant
heatup and cooldown temperature rate of 100°F/hr or less for which the curves are

applicable.  However, the core not critical and the core critical curves were also

-17-
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developed to bound transients defined on the plant-specific RPV thermal cycle
diagram [2] and nozzle thermal cycle diagrams [3]. The bounding transients used to
develop the curves are described in the sections below. For the hydrostatic pressure
and leak test curve, a coolant heatup and cooldown temperature rate of 20°F/hr or

less must be maintained at all times.

The P-T curves for the heatup and cooldown operating condition at a given EFPY apply
for both the 1/4T and 3/4T locations. When combining pressure and thermal stresses,
it is usually necessary to evaluate stresses at the 1/4T location (inside surface flaw) and
the 3/4T location (outside surface flaw). This is because the thermal gradient tensile
stress of interest is in the inner wall during.cooldown and is in the outer wall during
heatup. However, as a conservative simplification, the thermal gradient stress at the
1/4T location is assumed to be tensile for both heatup and cooldown. This results in
the approach of applying the maximum tensile stress at the 1/4T location. This
approach is conservative because irradiation effects cause the allowable toughness,
Kr, at 1/4T to be less than that at 3/4T for a given metal temperature. This approach
causes no operational difficulties, since the BWR is at steam saturation conditions

during normal operation, well above the heatup/cooldown curve limits.

The applicable temperature is the greater of the 10CFR50 Appendix G minimum
temperature requirement or the ASME Appendix G limits. A summary of the

requirements is provided in Table 4-3.
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Table 4-3: Summary of the 10CFR50 Appendix G Requirements

Operating Condition and Pressure

Minimum Température Requirement

Hydrostatic Pressure Test & Leak Test
(Core is Not Critical) - Curve A

1. At < 20% of preservice hydrotest

Larger of ASME Limits or of highest

pressure closure flange region initial RTnpr + 60°F*
2. At > 20% of preservice hydrotest Larger of ASME Limits or of highest
pressure closure flange region initial RTnor + 90°F

Normal operation (heatup and cooldown),

including anticipated operational occurrences

a. Core not critical - Curve B

1. At < 20% of preservice hydrotest

Larger of ASME Limits or of highest

pressure closure flange region initial RTypr + 60°F*
2. At > 20% of preservice hydrotest Larger of ASME Limits or of highest
pressure closure flange region initial RTnor +

120°F

b. Core critical - Curve C

1. At < 20% of preservice hydrotest

pressure, with the water level within the

normal range for power operation

Larger of ASME Limits + 40°F or of a.1

2. At > 20% of preservice hydrotest
pressure

Larger of ASME Limits + 40°F or of

a.2 + 40°F or the minimum permissible
temperature for the inservice system
hydrostatic pressure test

* 60°F adder is included by GE as an additional conservatism as discussed in

Section 4.3.2.3.

There are four vessel regions that affect the operating limits: the closure flange region,'

the core beltline region,‘ond the two regions in the remainder of the vessel {i.e., the

upper vessel and lower vessel non-beltline regions). The closure flange region limits

are controlling at lower pressures primarily because of 10CFR50 Appendix G [8]

requirements. The non-beltline and beltline region operating limits are evaluated
according to procedures in 10CFR50 Appendix G (8], ASME Code Appendix G [6], and

-19-




GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

Welding Research Council {WRC) Bulletin 175 [15]. The beltline region minimum

temperature limits are adjusted to account for vessel irradiation.

[l

4.3.2 P-T Curve Methodology

43.2.1 Non-Beltline Regions

Non-beltline regions are defined as the vessel locations that are remote from the
active fuel and where the neutron fluence is not sufficient (<1.0e17 n/cm?) to cause
any significant shift of RTnor.  Non-beltline components include nozzles (see
Appendix E), closure flanges, some shell plates, the top and bottom head plates, and

the control rod drive (CRD) penetrations.

Detailed stress analyses of the non-beltline components were performed for the
BWR/6 specifically for the purpose of fracture toughness analysis. The BWR/6 stress
analysis bounds for BWR/2 through BWR/5 designs, as will be demonstrated in the
following evaluation. The analyses took into account mechanical loading and
anticipated thermal transients that bound BWR/2 through BWR/S designs. Transients

considered include 100°F/hr start-up and shutdown, SCRAM, loss of feedwater heaters
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or flow, and loss of recirculation pump flow. Primary membrane and bending stresses
and secondary membrane and bending stresses due to the most severe of these
transients were used according to the ASME Code [6] to develop plots of allowable
pressure (P) versus temperature relative to the reference temperature (T - RTnor. Plots
were developed for the limiting BWR/6 components: the feedwater nozzle (FW) and
the CRD penetration (bottom head). All other components in the non-beltline regions
are categorized under one of these two components as described in Tables 4-4 and
4-5. Application of the components differs for BWR/2 through BWR/5 versus BWR/6.
Tables 4-4a and 4-4b present the cppro;;riote application for the feedwater
noézle (upper vessel) for BWR/2 through BWR/5 and BWR/6 vessels, respectively;
Tables 4-5a and 4-5b present the oppropridte application for the CRD (bottom head)
for BWR/2 through BWR/5 and BWR/6 vessels, respectively.

Table 4-aa: Applicable BWR/2-5 Discontinuity Components for Use
With FW (Upper Vessel) Curves A & B

("

Discontinuity Identification

FW Nozzle
LPC| Nozzle
CRD HYD System Return
Core Spray Nozzle
Recirculation Inlet Nozzle
Steam Outlet Nozzle
Main Closure Flange
Support Skirt
Stabilizer Brackets
Shroud Support Attachments
Core AP and Liquid Control Nozzle
Steam Water Interface
Vibration Instrumentation Nozzle
Water Level instrumentation Nozzle
Jet Pump Instrumentation Nozzle
Shell
Drain Nozzle
CRD and Bottom Head
Top Head Nozzle
Recirculation Outlet Nozzle . ]
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Table 4-4b: Applicable BWR/6 Discontinuity Components for Use
With FW (Upper Vessel) Curves A & B

[

Discontinuity Identification

FW Nozzle
LPCI Nozzle
CRD HYD System Return
Core Spray Nozzle
Recirculation Inlet Nozzle
Steam Qutlet Nozzle
Support Skirt and Bottom Head
Jet Pump Instrumentation Nozzle
Shroud Support Attachments
Drain Nozzle
Stabilizer Bracket
Shell Discontinuities
Water Level Instrumentation Nozzle ]

Table 4-5a: Applicable BWR/2-5 Discontinuity Components
for Use with CRD (Bottom Head) Curves A&B

(l

Discontinuity Identification

CRD and Bottom Head
Top Head Nozzles
Recirculation Outlet Nozzle
Drain Nozzle
Shell*

Support Skirt*

Shroud Support Attachments*
Core AP and Liguid Control Nozzle* I

* These discontinuities are added to the bottom head
curve discontinuity list to assure that the entire bottom
head is covered, because separate bottom head P-T
curves are provided to monitor the bottom head.
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Table 4-5b: Applicable BWR/6 Discontinuity Components
for Use with CRD (Bottom Head) Curves A&B

(

Discontinuity Identification

CRD and Bottom Head
Vibration Instrumentation Nozzle
Core AP and Liquid Control Nozzle

Top Head Nozzles
Recirculation Outlet Nozzle
Drain Nozzle
Main Closure Flange
Steam Water Interface
Shell Discontinuities
Support Skirt*

Shroud Support Attachments* ]
*  These discontinuities are added to the bottom head curve discontinuity list to assure that
the entire bottom head is covered, because separate bottom head P-T curves are provided
to monitor the bottom head.

The P-T curves for the non-beltline region were conservatively developed for a large
BWR/6 (nominal inside diameter of 251 inches). The analysis is considered appropriate
for application to each BWR vessel as the plant-specific geometric values are
comparable to the generic analysis for a large BWR/6, as determined in
Section 4.3.2.1.1 through Section 4.3.2.1.4 of Attachment 1. The generic value is
adapted to the conditions at each plant by using plant-specific RTnor values for the
reactor pressure vessel (RPV). The presence of nozzles and CRD penetration holes in
the upper vessel and bottom head, respectively, has made the analysis different from
a shell analysis such as the beltline. This was the result of the stress concentrations
and higher thermal stress for certain transient conditions experiénced by the upper

vessel and the bottom head.
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Thickness discontinuities exist between various shells in some vessels. An example
evaluation is provided for wall thickness transition discontinuities located between the
bottom head lower torus and upper torus and also between a bottom head torus and
Shell #1. Appendix G of this report contains a detailed description of this evaluation.
For this sample evaluation, it was concluded that the discontinuities are bounded by
the bottom head P-T curve developed in the following sections, and no further
adjustment was required. Each vessel is reviewed for such discontinuities. Where
these discontinuities exist, a plant-specific evaluation similar to that provided in
Appendix G of Attachment 1 is performed. The results of the discontinuity evaluation
are compared to the plant-specific curves generated using the methods presented in
the following sections, in order to determine whether the curves bound the
discontinuity. Should the discontinuity bound the curve, the curve is shifted sufficiently

in order to assure that the discontinuities are bounded.

4.32.1.1 Pressure Test - Non-Beltline, Curve A (Using Bottom Head)

Inall 1] finite element analysis [[ 1], the CRD penetration region was
modeled to compute the local stresses for determination of the stress intensity factor,
K. The ([ 11 evaluation was medified to consider the new requirement
for Mm as discussed in ASME Code Section XI Appendix G [6] and shown below. The
results of that computation were K = 143.6 ksi-in¥2 for an applied pressure of
1593 psig (1563 psig preservice hydrotest pressure at the top of the vessel plus 30 psig
hydrostatic pressure at the bottom of the vessell. The computed value of (T - RTnor)
was 84°F. [

-24 -



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

The limit for the coolant temperature change rate is 20°F/hr or less.

The wvalue of My for an inside axial postulated surface flaw from
Paragraph G-2214.1 [6] was based on a thickness of 8.0 inches; hence, t1/2=2.83. The

resulting value obtained was: |
Mm = 1.85 for /t <2
Mm = 0.926 /t for 2<+/t <3.464 = 2.6206
Mm = 3.21 for 7/t >3.464

Kim is calculated from the equation in Paragraph G-2214.1 [6] and K is calculated
from the equation in Paragraph G-2214.2 [6}:
Kim=Mm * Opm = ( 1] ksi-in/2

Kib =(2/3) Mm - opb = [ 1] ksi-in1/2
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The total K| is therefore:

Ki = 1.5 (Kim+ Kib) + Mm * (Gsm + (2/3) - Gsb) = 143.6 ksi-in1/2

This equation includes a safety factor of 1.5 on primary stress. The method to solve for
(T - RTnot) for a specific K is based on the Kic equation of Paragraph A-4200 in ASME
Appendix A [17]:

(T-RTnot) = Inf{(Ki-33.2)/ 20.734] / 0.02
(T-RTnot) = In[(144 - 33.2)/ 20.734]/ 0.02
(T - RTnot) = 84°F

The generic curve was generated by scaling 143.6 ksi-in¥2 by the nominal pressures

and calculating the associated (T - RTnpr) as shown in Table 4-6.

The highest RTnor for the bottom head plates and welds is obtained from Table 4-1 of
Attachment 1 and Appendix B of the PTLR. [[ '
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1]

Second, the P-T curve is dependent on the calculated K value, and the K| value is

proportional to the stress and the crack depth as shown below:

K/ = ¢ (ra) V2 (4-1)

The stress is proportional to R/t and, for the P-T curves, crack depth, a, is t/4. Thus, K is
proportional to R/[t}/2. The generic curve value of R/[t}¥2, based on the generic BWR/6

bottom head dimensions, is:
Generic: R/(t) 2= 138/(8) 2= 49 inchl/2 (4-2)

The plant-specific bottom head dimensions are applied to Equation 4-2 as

demonstrated in Section 4.3.2.1.1 of Attachment 1.
Plant-specific: R/ (t) 12 (4-3)

When the generic value of R/(t)*/2 is larger, the generic P-T curve is conservative when
applied to the plant-specific bottom head. Should the generic value be smaller, a
plant-specific evaluation is performed. It is noted that for all plants evaluated to-date,

the generic case bounds the plant-specific case.

4.3.2.1.2 Core Not Critical Heatup/Cooldown - Non-Beltline Curve B (Using
Bottom Head)

As discussed previously, the CRD penetration region limits were established primarily
for consideration of bottom head discontinuity stresses during pressure testing.

Heatup/cooldown limits were calculated by increasing the safety factor in the pressure
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testing stresses (Section 4.3.2.1.1) from 1.5 to 2.0. [[

The calculated \)olue of Ki for pressure test is multiplied by a safety factor (SF) of 1.5,
per ASME Appendix G [6] for comparison with Kir, the material fracture toughness. A
safety factor of 2.0 is used for the core not critical. Therefore, the K value for the core
not critical condition is (143.6 / 1.5) - 2.0 = 191.5 ksi-in?/2

Therefore, the method to solve for (T - RTnor) for a specific K is based on the Ki

equation of Paragraph A-4200 in ASME Appendix A [17] for the core not critical curve:
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(T - RTnot) = In{(K - 33.2)/ 20.734] / 0.02
(T-RTwor) = In[(191.5 - 33.2)/ 20.734] / 0.02
(T - RTnot)= 102°F

The generic curve was generated by scaling 192 ksi-in2 by the nominal pressures and

calculating the associated (T - RTnor) as shown in Table 4-7.

Table 4-7: Core Not Critical CRD Penetration K, and (T - RTnot) as @
Function of Pressure

Nominal Pressure Ki T - RTnor {
(psig) (ksi-in%/2) (°F) I
1563 192 102 il 1l
1400 172 95 ([ i
1200 ' 147 85 (!
1000 123 73 ( 1]
800 98 57 [ 1l
600 74 33 il 1l
400 49 -14 0 N

The highest RTnor for the bottom head plates and welds is obtained from Table 4-1 of
Attachment 1 and Appendix B of the PTLR. {[ |

1]
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As discussed in Section 4.3.2.1.1 an evaluation is performed to assure that the CRD
discontinuity bounds the other discontinuities that are to be protected by the CRD
curve with respect to pressure stresses (see Table 4-5 and Appendix A of
Attachment 1). With respect to thermal stresses, the transients evaluated for the CRD
are similar to or more severe than those of the other components being bounded.
Therefore, for heatup/cooldown conditions, the CRD penetration provides bounding

limits.
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43213 Pressure Test - Non-Beltline Curve A (Using Feedwater Nozzle/Upper

Vessel Region)

The stress intensity factor, K, for the feedwater nozzle was computed using the

“methods from WRC 175 [15] together with the nozzle dimension for a generic 251-inch

BWR/6 feedwater nozzle. The result of that computation was K = 200 ksi-in2 for an
applied pressure of 1563 psig preservice hydrotest pressure. [[

1I

The respective flaw depth and orientation used in this calculation is perpendicular to

the maximum stress (hoop) at a depth of 1/4T through the corner thickness.

To evaluate the results, K is calculated for the upper vessel nominal stress, PR/,
according to the methods in ASME Code Appendix G (Secticn Il or XI). The result is
compared to that deterrhined by CBIN in order to quantify the K magnification
associated with the stress concentration created by the feedwater nozzles. A

calculation of K| is shown below using the BWR/6, 251-inch dimensions:

Vessel Radius, Ry 126.7 inches
Vessel Thickness, ty 6.1875 inches
Vessel Pressure, Py 1563 psig
Pressure stress: c=PR/t
-0 =1563psig - 126.7 inches / (6.1875 inches)
c =32,005 psi

The dead weight and thermal RFE stress of 2.967 ksi is conservatively added yielding
o = 34.97 ksi. The factor F (a/r) from Figure A5-1 of WRC 175 is 1.4 where:

a= Y(th2+ t, 312 =2.36 inches
tn = thickness of nozzle = 7.125 inches
ty = thickness of vessel =6.1875 inches
= apparentradius of nozzle =ri+0.29 re=7.09 inches
ri = actual inner radius of nozzle = 6.0 inches

re = nozzle radius (nozzle corner radius) =3.75 inches
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Thus, a/ra = 2.36 / 7.09 = 0.33. The value Fla/r), taken from Figure A5-1 of WRC
Bulletin 175 for an a/rn of 0.33, is 1.4. Including the safety factor of 1.5, the stress

intensity factor, K, is 1.5 ¢ (ma) 2 - Fla/rk

Nominal K= 1.5-34.97 - (k- 2.36) V2 - 1.4 = 200 ksi-in2

The method to solve for (T - RTnor) for a specific K is based on the K equation of

Paragraph A-4200 in ASME Appendix A [17] for the pressure test condition:

(T-RTnor) = In [Ki - 33.2)/ 20.734] / 0.02
(T -RTnotl = In[(200 - 33.2)/.20.7341/ 0.02
(T-RTnor) = 104.2°F

The generic pressure test P-T curve was generated by scaling 200 ksi-in¥2 by the

nominal pressures and calculating the associated (T - RTnor), ([

1]
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1]

The highest RTnor for the feedwater nozzle materials is obtained from Table 4-1 of
Attachment 1 and Appendix B of the PTLR. [[

]l The generic curve is applied to the plant-specific
feedwater nozzle curve by shifting the P vs. (T - RTnor) values above to reflect the RTnor

value obtained from Table 4-1 ([
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Second, the P—T curve is dependent on the K value calculated. The plant-specific
vessel shell and nozzle dimensions applicable to the feedwater nozzle location [19] and
K/ are obtained from pldnt-specific drawings and provided in Section 4.3.2.1.3 of
Attachment 1. |

Vessel Radius to base metal, Ry

Vessel Thickness, ty
Vessel Pressure, Py

Pressure stress is calculated based on these values as shown in Section 4.3.2.1.3 of

Attachment 1. The dead weight and thermal RFE stress of 2.967 ksi is conserv_otivély
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added. The factor Fla/rn) from Figure AS5-1 of WRC 175 is determined using plant-
specific dimensions as shown in Section 4.3.2.1.3 of Attachment 1:
a= Y(t 2+ t, 912
tn = thickness of nozzle
ty = thickness of vessel
rh = apparent radius of nozzle

ri = actual inner radius of nozzle
re = nozzle radius (nozzle corner radius)

The value of a/r, is determined and the value Fla/r,).is obtained from Figure A5-1 of
WRC Bulletin 175. Including the safety factor of 1.5, the stress intensity factor, K, is

1.5 ¢ (na) ¥2 - Fla/r) as shown in Section 4.3.2.1.3 of Attachment 1.

1]

4.3.21.4 Core Not Critical Heatup/Cooldown - Non-Beltline Curve B (Using

Feedwater Nozzle/Upper Vessel Region)

The feedwater nozzle was selected to represent non-beltline components for fracture
toughness analyses because the stress conditions are the most severe experienced in
the vessel. In addition to the pressure and piping load stresses resulting from the
nozzle discontinuity, the feedwater nozzle region experiences feedwater flow that is

colder relative to the vessel coolant.

Stresses were taken from a ([ 11 finite element analysis done
specifically for the purpose of fracture toughness analysis ([ 1. Analyses were

performed for all feedwater nozzle transients that involved rapid temperature
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changes. The most severe of these was normal operation with cold 40°F feedwater

injection, which is equivalent to hot standby, as seen in Figure 4-3.
The non-beltline curves based on feedwater nozzle limits were calculated according to
the methods for nozzles in Appendix 5 of the Welding Research Council (WRC)

Bulletin 175 [15].

The stress intensity factor for a nozzle flaw under primary stress conditions {Kjp) is given

in WRC Bulletin 175 Appendix 5 by the expression for a flaw at a hole in a flat plate:

Kip=SF- & (ma¥2 - Fla/r) (4-4)

where SF is the safety factor applied per WRC Bulletin 175 recommended ranges, and

Fla/ry) is the shape correction factor.
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1]

" Finite element analysis of a nozzle corner flaw was performed to determine
appropriate values of Fla/ra) for Equation 4-4. These values are shown in Figure A5-1
of WRC Bulletin 175 [15].

The stresses used in Equation 4-4 were taken from [[ 1} design stress reports
for the feedwater nozzle. Th'e stresses considered are primary membrane, Gpm, and
primary bending, cw. Secondary membrane, osm, and secondary bending, Gep,
stresses are included in the total Ki by using ASME Appendix G [6] methods for

secondary portion, Kis:

KIS = Mm [Gsm + (2/3) . Gsb] (4"5)
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The thermal stresses are proportional to the thickness in which a larger thickness
produces a larger thermal stress. The equation for thermal stress is EaAT/(2*(1-p))
where AT is greater for a shell with a larger thickness. E is defined as the Modulus of
Elasticity, a is the coefficient of thermal expansion, AT is the through-wall temperature
difference, and p is Poissons Ratio. Therefore, thermal stress is bounding for the

[l 1. The thermal stress in the K; solution has a safety factor of 1.0.

In a case where the total stress exceeds yield stress, a plasticity correction factor is
applied based on the recommendations of WRC Bulletin 175 Section 5.C.3 [15].
However, the correction is not applied to primary membrane stresses because primary
stresses satisfy the laws of equilibrium and are not self-limiting. Kip and Kis are added
to obtain the total value of stress intensity factor, K. A safety factor of 2.0 is applied to

primary stresses for core not critical heatup/cooldown conditions.

Once K; was calculated, the following relationship was used to determine (T - RTnor).
The method to solve for (T - RTnpr) for a specific K, is based on the K equation of
Paragraph A-4200 in ASME Appendix A [17]. The highest RTnpr for the appropriate non-

beltline components was then used to establish the P-T curves.

(T-RTnor) = In [iKi- 33.2)/ 20.734] / 0.02 (4-6)

Example Core Not Critical Heatup/Cooldown Calculation

for Feedwater Nozzle/Upper Vessel Region

The non-beltline core not critical heatup/cooldown curve was based on the ([ 1]
feedwater nozzle ([ 1] analysis, where feedwater injection of 40°F into the
vessel while at operating conditions (551.4°F and 1050 psig) was the limiting normal or
upset condition from a brittle fracture perspective. The feedwater nozzle corner

stresses were obtained from finite element analysis [[ 1. To produce conservative
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thermal stresses, a vessel and nozzle thickness of 7.5 inches was used in the
evaluation. However, a thickness of 7.5 inches is not conservative for the pressure
stress evaluation. Therefore, the pressure stress (cpm) was adjusted for the actual
(l ]] vessel thickness of 6.1875 inches i.e., 0pm = 20.49 ksi was revised to:

20.49 ksi - 7.5 inches/6.1875 inches = 24.84 ksi). These stresses, and other inputs used

in the [[ 11 calculations, are shown below:

Opm = 24.84 ksi Osm = 16.19 ksi Oys = 45.0 ksi ty =6.1875 inches

Gpb =0.22 ksi Csb = 19.04 ksi a = 2.36 inches M — 7.09 inches
th=7.125 inches

In this case the total stress, 60.29 ksi, exceeds the yield stress, oys, so the correction
factor, R, is calculated to consider the nonlinear effects in the plastic region according
to the following equation based on the assumptions and recommendation of
WRC Bulletin 175 [15]. (The value of specified yield stress is for the material at the
temperature under consideration. For conservatism, the inside surface temperature is

used.)
R= [Gys ~ Opm + ((Ototal - Gys) / 3011 / (Gtotal - Gpm) (4-7)

For the stresses given, the ratio, R = 0.583. Therefore, all the stresses are adjusted by

the factor 0.583, except for opm. The resulting stresses are:

O-pm= 2484 kS| Gsm = 944 kSl
Opb = 0.13 ksi Osb = 11.10 ksi

The wvalue of Mm for an inside axial postulated surface flaw from
Paragraph G-2214.1 (6] was based on the 4a thickness; hence, t¥2=3.072. The

resulting value obtained was:
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Mm = 1.85 for vt <2
Mm = 0.926 /t for 2< v/t <3.464 = 2.845
Mm = 3.21 for +/t >3.464

The value Fla/r), taken from Figure A5-1 of WRC Bulletin 175 for an alry of 0.33, is

therefore,
F(O /rn) = 14
Kir is calculated from Equation 4-4:

Kp=20:(24.84+0.13)- (- 2.36)12- 1.4
Kip = 190.4 ksi-in/2

Kis is calculated from Equation 4-5:

Ks = 2.845 - (9.44 + 2/3 - 11.10)
Kis = 47.9 ksi-inl/2

The total K is, therefore, 238.3 ksi-inv2.
The total K is substituted into Equation 4-6 to solve for (T - RTnor):

(T-RTnor) = In[(238.3- 33.2)/ 20.734]1/ 0.02
(T - RTnoT) = 115°F

The ([ 1] curve was generated by scaling the stresses used to determine the K;;
this scaling was performed after the adjustment to stresses above yield. The primary

stresses were scaled by the nominal pressures, while the secondary stresses were
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scaled by the temperature difference of the 40°F water injected into the hot reactor
vessel nozzle. In the base case that yielded a K; value of 238 ksi-in/2, the pressure is
1050 psig and the hot reactor vessel temperature is 551.4°F. Since the reactor vessel
temperature follows the saturation temperature curve, the secondary stresses are
scaled by

(Tscturation - 40) / (55 1.4 - 40)

From K the associated (T - RTnot) can be calculated as shown in Table 4-9.

Table 4-9: Core Not Critical Feedwater Nozzle K; and (T - RTnor)
as a Function of Pressure

Nominal Pressure Saturation Temp. R _K!* (T - RTnor)
(psig) (°F) (ksi-in1/2) (°F)
1563 604 0.23 303 128
1400 588 0.34 283 124
1200 557 0.48 257 119
1050 551 0.58 238 115
1000 546 0.62 232 113
800 520 0.79 206 106
600 489 10 181 98
400 448 1.0 138 81

*Note: For each change in stress for each pressure and saturation temperature
condition, there is a corresponding change to R that influences the determination of K,.

The highest non-beltline RTnpr for the feedwater nozzle is obtained from Table 4-1 of
Attachment 1 or Appendix B of the PTLR. [[

1] The generic curve is
applied to the plant-specific upper vessel by shifting the P vs. (T - RTnor) values above

to reflect the RTnpt value as discussed in Section 4.3.2.1.3.
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4.3.2.2 CORE BELTLINE REGION

The pressure-temperature (P-T) operating limits for the beltline region are determined
according to the ASME Code [6]. As the beltline fluence increases with the increase in

operating life, the P-T curves shift to a higher temperature.

The stress intensity factors (Ki), calculated for the beltline region according to ASME
Code Appendix G procedures (6], were based on a combination of pressure and
thermal stresses for a 1/4T flaw in a flat plate. The pressure stresses were calculated
using thin-walled cyli.nder equations. Thermal stresses were calculated assuming the
through-wall temperature distribution of a flat plate; values were calculated for
100°F/hr coolant thermal gradient. The shift value of the most limiting ART material
was used to adjust the RTnor values for the P-T limits. Thermal stresses are calculated
including clad thickness as defined by the ASME Code. As demonstrated in Table 4-2 of
Attachment 1 or Appendix B of the PTLR, the ART is conservatively calculated using

minimum wall thickness excluding clad thickness.

Thickness discontinuities exist between various shells in some vessels. An example
evaluation was performed for the vessel wall thickness transition discontinuity located
between the lower and lower-intermediate shells in the beltline region. Appendix G of

this report contains a detailed description of this evaluation. For this sample -
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evaluation, it was concluded that the discontinuity is bounded by the beltline P-T curve
developed in the following sections, and no further adjustment was required. Each
plant-specific vessel is reviewed for such discontinuities. Where these discontinuities
exist, an evaluation similar to that provided in Appendix G is performed. The results of
the discontinuity evaluation are compared to the plant-specific curves generated using
the methods presented in the following section, in order to determine whether the
curves bound the discontinuity. Should the discontinuity bound the curve, the curve is

shifted sufficiently in order to assure that the discontinuities are bounded.

For some plants, the definition of the extended beltline region as discussed in
Appendix E causes other components such as nozzles to be considered as part of the
beltline region. In these cases, the materials are included in the ART calculations
presented in Table 4-2 of Attachment 1 or Appendix B of the PTLR. Where the nozzle
ART is the limiting beltline component, the P-T curves are evaluated using the basis for
the FW nozzle evaluation presented in Sections 4.3.2.1.3 and/or 4.3.2.1.4, as
appropriate.  Plant-specific nozzle dimensions are used in these calculations.

'Additional discussion and an example are provided in the sections below.

[l

1)
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43221 Beltline Region - Pressure Test

The methods of ASME Code Section XI, Appendix G [6] are used to calculate the
pressure test beltline limits. The vessel shell, with an inside radius (R) to minimum
thickness (tmin) ratio of 15, is treated as a thin-walled cylinder. The maximum stress is

the hoop stress, given as:
Om= PR / tmin . (4‘8)

The stress intensity factor, Kim, is calculated using Porogroph G-2214.1 of the ASME
Code.

The calculated value of Kim for pressure test is multiplied by a safety factor (SF) of 1.5,
per ASME Appendix G [6] for comparison with Ki, the material fracture toughness. A

sofety factor of 2.0 is used for the core not critical and core critical conditions.-

The relationship between K. and temperature relative to reference temperature
(T - RTnor) is based on the Kic equation of Paragraph A-4200 in ASME Appendix A [17]

for the pressure test condition:
Kim* SF = Kic = 20.734 exp[0.02 (T - RTnor )] + 33.2 (4-9)

This relationship provides values of pressure versus temperature (from Ke and

(T-RTnor), respectively).

GE’s current practice for the pressure test curve is to add a stress intensity factor, K,
for a coolant heatup/cooldown rate, specified as 20°F/hr for the plant-specific
example, to provide operating flexibility. For the core not critical and core critical

condition curves, a stress intensity factor is added for a coolant heatup/cooldown rate
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of 100°F/hr. The Ky calculation for a coolant heatup/cooldown rate of 100°F/hr is
described in Section 4.3.2.2.3 below.

4,322.2 Calculations for the Beltline Region - Pressure Test

A calculation is performed for a plant-specific pressure test pressure at a given EFPY.
The plant-specific inputs used in the beltline limit calculation are presented in
Section 4.3.2.2.2 of Attachment 1 or Appendix B of the PTLR.

Pressure is calculated to include hydrostatic pressure for a full vessel:
P = hydrotest pressure (psi) + (H - B) 0.0361 psi/inch = P psig (4-10)

Where,
H = vessel height (inches), and

B = bottom of active fuel height (inches).

Pressure stress:
o = PR/t (4-11)

The wvalue of Mm for an inside axial postulated surface flaw from
Paragraph G-2214.1 [6}] was based on the plant-specific thickness (the minimum
thickness without cladding). The resulting value is obtained using the following

equations:

Mm= 1.85 for v/t <2
Mm = 0.926 /t for 2</t <3.464
Mm = 3.21 for +/t >3.464
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The stress intensity factor for the pressure stress is Kim=Mm- 6. The stress intensity
factor for the thermal stress, Ki, is calculated as described in Section 4.3.2.2.4 except
that the value of "G" is 20°F/hr instead of 100°F/hr.

Equation 4-9 can be rearranged, and 1.5 Kim substituted for Ky, to solve for (T - RTnor).
Using the Kic equation of Paragraph A-4200 in ASME Appendix A [17], Kim and Kiare
determined for a 20°F/hr coolant heatup/cooldown rate with a vessel thickness, t, that

includes cladding:
(T - RTnor) = In[(1.5 - Kim + Kit - 33.2) / 20.734] / 0.02 (4-12)

T is calculated by adding the adjusted RTnor to the T - RTnor obtained from
Equation 4-12.

Nozzles in the Beltline Region

In the event that a full penetration nozzle is the limiting material for the beltline region,
the beltline P-T curves are calculated in the same manner as for the Feedwater nozzle
pressure test P-T curves, using the plant-specific nozzle dimensions, as described in
Section 4.3.2.1.3. The generic feedwater pressure test P-T curve is applied to the plant-
specific Feedwater Nozzle curve by shifting the P vs. (T-RTnor) values in Section 4.3.2.1.3
to reflect the appropriate ART value from Table 4-2 of Attachment 1 or Appendi; B of
the PTLR. Appendix F provides a sample calculation demonstrating the procedure

used to evaluate a nozzle that occurs in the beltline region.

1]
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Girth Weld Limiting ART in the Beltline Region

Most plants are limited by the ART for either a plate material or axial weld in the
beltline region. However, for plants where the limiting material is a circumferential
weld, the calculated value of Kim is reduced as defined by ASME Code paragraph
G-2214.1 [6] for a postulated defect normal to the direction of maximum stress. To
demonstrate that, by using this method, the axial weld has the most limiting
temperature for the P-T curves in the beltline region, an example of the stress intensity

calculations for both the axial and circumferential welds at a given EFPY are presented.
Axial Weld Calculation

The value of Mm for an inside axial postulated surface flaw from Paragraph
G-2214.1 [6] was based on a thickness of 6.125 inches (the minimum thickness without
cladding); hence, t1/2 = 2.47. The resulting value obtained was:

Mm = 1.85 for v/t <2
Mm = 0.926 /t for 2<+/t <3.464 = 2.29
Mm = 3.21 for v/t >3.464

The stress intensity factor for the pressure stress is Kim = Mm - 6. The stress intensity
- factor for the thermal stress, Ky, is calculated as described in Section 4.3.2.2.4 except
that the value of “G” is 20°F/hr instead of 100°F/hr.

Equation 4-9 can be rearranged, and 1.5 Kim substituted for Ky, to solve for (T-RTor).
Using the Kic equation of Paragraph A-4200 in ASME Appendix A [17], Km = 51.2, and
Ki= 2.39 for a 20°F/hr coolant heatup/cooldown rate with a vessel thickness, t, that

includes cladding:
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(T - RTnor) In [(1.5 - Kim + Kt = 33.2) / 20.734] / 0.02 (4-12)
In[(1.5-51.2 + 2.39 - 33.2)/ 20.734]/ 0.02

39.8°F

T is calculated by adding the adjusted RTnor.
Girth Weld Calculation

The value of Mm for an inside circumferential postulated surface flow from
Paragraph G-2214.1 [6] was based on a thickness of 6.125 inches (the minimum

thickness without cladding); hence, t¥2 = 2.47. The resulting value obtained was:

Mm = 0.89 for v/t <2
Mm = 0.443 Yt for 2<~/t <3.464 = 1.10
Mm= 1.53 for vt >3.464

The stress intensity factor for the pressure stress is Kim = Mm - 6. The stress intensity
factor for the thermal stress, Ky, is calculated as described in Section 4.3.2.2.4 except
that the value of “G" is 20°F/hr instead of 100°F/hr.

Equation 4-9 can be rearranged, and 1.5 Kim substituted for K, to solve for (T-RTyor).
Using the K equation of Paragraph A-4200 in ASME Appendix A [17], Kim = 24.6, and
Ki= 2.39 for a 20°F/hr coolant heatup/cooldown rate with a vessel thickness, t, that

includes cladding:

(T - RTnot) = In[{1.5 - Kim + Kit - 33.2) / 20.734]/ 0.02 (4-12)
= In[(1.5-24.6+2.39-33.2)/20.734]1/ 0.02
= -61°F
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T is calculated by adding the adjusted RTnor.

It can be seen that the difference between the T-RTnot for the axial weld calculation is
sufficiently higher than that for the circumferential weld calculation in this example. As:
stated above, based on the applied pressure and temperature stress intensity factors,
the axial weld flaw bounds the.P—T curve in the beltline region. Should the girth weld
T - RTnor bound the axial weld T - RTnor, the beltline P-T curves are based upon the
girth weld ART.

43223 Beltline Region - Core Not Critical Heatup/Cooldown

~ The beltline curves for core not critical heatup/cooldown conditions are influenced by
pressure stresses and thermal stresses, according to the relationship in ASME
Section Xl Appendix G [6]:

Kic = 2.0 - Kim +Kt (4-13)

where Kim is primary membrane K due to pressure and Ky is radial thermal gradient K

due to heatup/cooldown.

The pressure stress intensity factor, Kim, is calculated by the method described above,
the only difference being the larger safety factor applied. The thermal gradient stress

intensity factor calculation is described below.

The thermal stresses in the vessel wall are caused by a radial thermal gradient that is
created by changes in the adjacent reactor coolant temperature in heatup or
cooldown conditions. The stress intensity factor is computed by multiplying the
coefficient Mt from Figure G-2214-1 of ASME Appendix G [6] by the through-wall
temperature gradient ATw, given that the temperature gradient has a through-wall
shape similar to that shown in Figure G-2214-2 of ASME AppendixG [6]. The
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relationship used to compute the through-wall ATy is based on one-dimensional heat

conduction through an insulated flat plate:
d2T(xt)/ax2=1/B (dT(xt)/at) (4-14)

where T(xt} is temperature of the plate at depth x and time t, and B is the thermal

diffusivity.

The maximum stress will occur when the radial thermal gradient reaches a quasi-
‘steady state distribution, so that aT(xt) / ot = dT(t) / dt = G, where G is the coolant
heatup/cooldown rate, normally 100°F/hr. The differential equation is integrated over

x for the following boundary conditions:

1. Vessel inside surface (x = 0) temperature is the same as coolant temperature, To.

2. Vessel outside surface (x = C) is perfectly insulated; the thermal gradient dT/dx = 0.
The integrated solution results in the following relationship for wall temperature:
T=Gx2/2B-GCx /B +To (4-15)

This equation is normalized to plot (T - To) / ATw versus x / C.

The resulting through-wall gradient compares very closely with Figure G-2214-2 of
ASME Appendix G [6]. Therefore, ATw calculated from Equation 4-15 is used with the
appropriate M of Figure G-2214-1 of ASME Appendix G [6] to compute K for heatup

and cooldown.
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The M relationships were derived in the Welding Research Council (WRC)
Bulletin 175 [15] for infinitely long cracks of 1/4T. For the flat plate geometry and radial

thermal gradient, orientation of the crack is not important.

Nozzles in the Beltline Region

In the event that a full penetration nozzle is the limiting material for the beltline region,
the beltline core not critical P-T curves are calculated in the same manner as the
Feedwater Nozzle core not critical P-T curves as described in Section 4.3.2.1.4. The
generic feedwater core not critical-P-T curve is applied to the plant-specific Feedwater
Nozzle curve by shifting the P vs.(T-RTnor) values in Section 4.3.2.1.4 to reflect the
appropriate ART value from Table 4-2 of Attachment 1 or Appendix B of the PTLR. An

example calculation is presented in Appendix F.

I

4.3.2.2.4 Calculations for the Beltline Region Core Not Critical
Heatup/Cooldown

The core not critical heatup/cooldown curve at a given pressure uses the same Kim
calculation as the pressure test curve, but with a safety factor of 2.0 instead of 1.5.
The increased safety factor is used because the heatup/cooldown cycle represents an
operational condition rather than a test condition; the operational condition
necessitates the use of a higher safety factor. In addition, there is a Ki term for the

thermal stress. The additional inputs used to calculate K are:
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Coolant heatup/cooldown rate, G = 100 °F/hr
normally 100°F/hr
Minimum vessel thickness, C = plant-specific value shown in
including clad thickness Section 4.3.2.2.4 of Attachment 1
Thermal diffusivity at 550°F B = 0.354 ft2/ hr [21]
[most conservative value)

Equation 4-15 can be solved for the through-wall temperature (x = C), resulting in the

absolute value of AT for heatup or cooldown of:

AT = GC2/ 2B (4-16)

The analyzed case for thermal stress is a 1/4T flaw depth with wall thickness of C. The
corresponding value of M: can be interpolated from ASME Appendix G,
Figure G-2214-2 (6. Thus vthe thermal stress intensity factor, Kt = M; - AT, can be
calculated. The conservative value for thermal diffusivity at 550°F is used for all
calculations; therefore, Kt is constant for all pressures. Kim has the same value as that

calculated in Section 4.3.2.2.2.

The pressure and thermal stress terms are substituted into Equation 4-9 to solve for
(T - RTnoth

{T - RTnoT) = Inll{2 - Kim + Ki) - 33.2} / 20.734] / 0.02 (4-17)

T is calculoted by adding the adjusted RTnor to the T - RTwor obtained using
Equation 4-17.

4323  CLOSURE FLANGE REGION

10CFR50 Appendix G [8] sets several minimum requirements for pressure and
temperature in addition to those outlined in the ASME Code, based on the closure

flange region RTnor. Similar to the evaluations performed for the bottom head and
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upper vessel, a BWR/6 finite element analysis [[ 11 was used to model the flange
region. The local stresses were computed for determination of the stress intensity
factor, K. Using a 1/4T flaw size and the Kic formulation to determine T - RTnor for
pressures above 312 psig, the P-T limits for all flange regions are bounded by the
10CFR50 Appendix G requirement of RTnor + 90°F ([

. 1l. For pressures below 312 psig, the flange curve is bounded by
RTnor + 60°F [ 1I; therefore,
instead of determining a T(temperature) versus  pressure curve for the

flange (i.e., T - RTnot) the value RTnor+ 60°F is used for the closure flange limits.

In some cases, the results of analysis for other regions exceed these requirements and
closure flange limits do not affect the shape of the P-T curves. However, some closure

flange requirements do impact the curves at low pressures.

The approach used for the plant-specific case for the bolt-up temperature ié pased on
the conservative value of {(RTnor+ 60°F), or the LST of the bolting materials, whichever is
greater. The 60°F adder is included by GE for two reasons: 1)the pre-1971
requirements of the ASME Code Section Iil, Subsection NA, Appendix G included the
60°F adder, and 2} inclusion of the additional 60°F requirement above the RTnor
provides the additional assurance that a 1/4T flaw size is acceptable. The limiting
initial RTnor for the closure flange region is obtained from Table 4-1 of Attachment 1 or
Appendix B of the PTLR, as is the LST of the closure studs. The bolt-up temperature
value used is the more conservative of these values. This conservatism is appropriate
because bolt-up is one of the more limiting operating conditions (high stress and low

temperature) for brittle fracture.

10CFR50 Appendix G, paragraph VA2 [8] including Table 1, sets minimum
temperature requirements for pressure above 20% of hydrotest pressure based on the
RTnor of the closure region. Curve A temperature must be no less than (RTnpr + 90°F)

and Curve B temperature no less than (RTnor + 120°F).
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For pressures below 20% of preservice hydrostatic test pressure (312 psig) and with
full bolt preload, the closure flange region metal temperature is required to be at RTnor
or greater as described above. At low pressure, the ASME Code [6] allows the bottom
head regions to experience even lower metal temperatures than the flange region
RTnot. However, temperatures should not be permitted to be lower than 68°F for the

reason discussed below.

The shutdown margin, provided in the plant-specific Technical Specification, is typically
calculated for a water temperature of 68°F. Shutdown margin is the quantity of
reactivity needed for a reactor core to reach criticality with the strongest-worth control
rod fully withdrawn and all other control rods fully inserted. Although it may be
possible to safely allow the water temperature to fall below this 68°F limit, further
extensive calculations would be required to justify a lower temperature. The limit for
the upper vesse! and beltline region and the 68°F limit for the bottom head curve opply
when the head is on and tensioned and when the head is off while fuel is in the vessel.
When the head is not tensioned and fuel is not in the vessel, the requirements of
10CFR50 Appendix G [8] do not apply, and there are no limits on the vessel

temperatures.

4.3.2.4 CORE CRITICAL OPERATION REQUIREMENTS OF 10CFR50,
APPENDIX G

Curve C, the core critical operation curve, is generated from the requirements of
10CFR50 Appendix G (8], Table 1. Table 1 of [8] requires that core critical P-T limits be
40°F above-any Curve A or B limits when pressure exceeds 20% of the pre-service
system hydrotest pressure. Curve B is more limiting than Curve A, so limiting Curve C

values are at least Curve B plus 40°F for pressures above 312 psig.
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Table 1 of 10CFR50 Appendix G [8] indicates that for a BWR with water level within
normal range for power operation, the allowed temperature for initial criticality at the
closure flange region is (RTnor + 60°F) at pressures below 312 psig. This minimum
criticality requirement is demonstrated in Section 4.3.2.4 of Attachment 1. In addition,
above 312 psig the Curve C temperature must be at least the greater of RTnor of the
closure region + 160°F or the temperature required for the hydrostatic pressure
test (Curve A). The requirement of closure region RTnpr + 160°F fypicolly causes a

temperature shift in Curve C at 312 psig.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The operating limits for pressure and temperature are required for three categories of
operation: (a) hydrostatic pressure tests and leak tests, referred to as Curve A,
(b) non-nuclear heatup/cooldown and low-level physics tests, referred to as Curve B,

and {c) core critical operation, referred to as Curve C.

There are four vessel regions that should be monitored against the P-T curve operating

limits; these regions are defined on the thermal cycle diagram [2]:

e (Closure flange region (Region A)
¢ Core beltline region (Region B)
e Upper vessel (Regions A & B)
* Lower vessel {Regions B & C)

For the core not critical and the core critical curves, the P-T curves specify a coolant
heatup and cooldown temperature rate of 100°F/hr or less for which the curves are
applicable. However, the core not critical and the core critical curves were also
developed to bound transients defined on the plant-specific RPV thermal cycle
diagram [2] and nozzle thermal cycle diagrams [3). For the hydrostatic pressure and
leak test curve, a coolant heatup and cooldown temperature rate of 20°F/hr or less

must be maintained at all times.

The P-T curves apply for both heatup and cooldown and for both the 1/4T and 3/4T
locations because the maximum tensile stress for either heatup or cooldown is applied
at the 1/4T location. For beltline curves this approach has added conservatism
because irradiation effects cause the allowable toughness, Ky, at 1/4T to be less than

that at 3/4T for a given metal temperature.
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The following P-T curves are generated for the plant-specific case as seen in

Attachment 1 and the PTLR:

Composite P-T curves are generated for each of the pressure test and core not
critical conditions. The composite curves are generated by enveloping the most
restrictive P-T limits from the separate beltline, upper vessel and closure assembly
P-T limits. A separate bottom head limits (CRD penetration) curve is also
individually included with the composite curve for the pressure test and core not
critical condition.

Separate P-T curves are developed for the upper vessel, beltline, and bottom head
for the pressure test and core not critical conditions.

A composite P-T curve is also generated for the core critical condition. The
composite curves are generated by enveloping the most restrictive P-T limits from

the separate beltline, upper vessel, bottom head, and closure assembly P-T limits.

Table 5-1 of Attachment 1 shows the figure numbers for each P-T curve. A tabulation

of the curves is presented in Appendix B of Attachment 1 and the PTLR.
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The following table is included in the plant-specific P-T curve report {Attachment 1):

Table 5-1: Composite and Individual Curves Used To Construct Composite P-T

Curves

The following figures are included in Attachment 1. The figures noted in this list are
typical of those provided on a plant-specific basis. On occasion, variations are
requested by different Utilities; in these cases, the methods used to develop the
various curves are consistent with the methods described in this report, and are

presented in the manner requested by the Utility.

Figure 5-1: Bottom Head P-T Curve for Pressure Test [Curve A]

[20°F/hr or less coolant heatup/cooldown]

Figure 5-2: Upper Vessel P-T Curve for Pressure Test [Curve A]

[20°F/hr or less coolant heatup/cooldown]

Figure 5-3: Beltline P-T Curve for Pressure Test [Curve Al up to Intermediate

EFPY [20°F/hr or less coolant heatup/cooldown]

Figure 5-4: Beltline P-T Curve for Pressure Test [Curve A] up to End of License

EFPY [20°F/hr or less coolant heatup/cooldown]

Figure 5-5: Composite Pressure Test P-T Curves [Curve A] up to Intermediate

EFPY [20°F/hr or less coolant heatup/cooldown]

Figure 5-6: Composite Pressure Test P-T Curves [Curve A] up to End of License

EFPY [20°F/hr or less coolant heatup/cooldown] -
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Figure 5-7: Bottom Head P-T Curve for Core Not Critical [Curve B]

[100°F/hr or less coolant heatup/cooldown]

Figure 5-8: Upper Vessel P-T Curve for Core Not Critical [Curve B]

[100°F/hr or less coolant heatup/cooldown]

Figure 5-9: Beltline P-T Curve for Core Not Critical [Curve B] up to Intermediate
EFPY [100°F/hr or less coolant heatup/cooldown]

Figure 5-10: Beltline P-T Curve for Core Not Critical [Curve B] up to End of

License EFPY [100°F/hr or less coolant heatup/cooldown]

Figure 5-11: Composite Core Not Critical P-T Curves [Curve B] up to

Intermediate EFPY [100°F/hr or less coolant heatup/cooldown]

Figure 5-12: Composite Core Not Critical P-T Curves [Curve B] up to End of

License EFPY [100°F/hr or less coolant heatup/cooldown]

Figure 5-13: Composite Core Critical P-T Curves [Curve C] up to Intermediate
EFPY [100°F/hr or less coolant heatup/cooldown]

Figure 5-14: Composite Core Critical P-T Curves [Curve C] up to End of License
EFPY [100°F/hr or less coolant heatup/cooldown]

Figures are provided for the PTLR in the manner requested by the Utility.
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APPENDIX A

DESCRIPTION OF DISCONTINUITIES
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The following tables are provided in Appendix A of Attachment 1.

Table A-2 - Example Geometric Discontinuities Not Requiring Fracture Toughness

Evaluations
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APPENDIX B

PRESSURE-TEMPERATURE CURVE DATA TABULATION
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The following tables are provided in Appendix B of Attachment 1 and the PTLR:
Table B-1 Plant-Specific P-T Curve Values for Intermediate EFPY
Table B-2 Plant-Specific Composite P-T Curve Values for End of License EFPY
Table B-3 Plant-Specific P-T Curve Values for Intermediate EFPY

Table B-4 Plant-Specific Composite P-T Curve Values for End of License EFPY
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APPENDIX C

OPERATING AND TEMPERATURE MONITORING REQUIREMENTS
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C.1 NON-BELTLINE MONITORING DURING PRESSURE TESTS

It is likely that, during leak and hydrostatic pressure testing, the bottom head
temperature may be significantly cooler than the beltline. This condition can occur in
the bottom head when the recirculation pumps are operating at low speed, or are off,
and injection through the control rod drives is used to pressurize the vessel. By using
a bottom head curve, the required test temperature at the bottom head could be
lower than the required test temperature at the beltline, avoiding the necessity of

heating the bottom head to the same requirements of the vessel beltline.

One condition on monitoring the bottom head separately is that it must be
demonstrated that the vessel beltline temperature can be accurately monitored
during pressure testing. An experiment has been conducted at a BWR-4 that showed
that thermocouples on the vessel near the feedwater nozzles, or temperature
measurements of water in the recirculation loops provide good estimates of the
beltline temperature during pressure testing. Thermocouples on the RPV flange to
shell junction outside surface should be used to monitor compliance with upper
vessel curve. Thermocouples on the bottom head outside surface should be used to
monitor compliance with bottom head curves. A description of these measurements
is given in GE SIL 430, attached in Appendix D. First, however, it should be determined
whether there are significant temperature differences between the beltline region

and the bottom head region.

C.2 DETERMINING WHICH CURVE TO FOLLOW

The following subsections outline the criteria needed for determining which curve is
governing during different situations. The application of the P-T curves and some of
the assumptions inherent in the curves to plant operation is dependent on the proper

monitoring of vessel temperatures.
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C.2.1 Curve A: Pressure Test

Curve A should be used during pressure tests at times when the coclant temperature
is changing by <20°F per hour. If the coolant is experiencing a higher heating or

cooling rate in preparation for or following a pressure test, Curve B applies.
C.2.2 Curve B: Non-Nuclear Heatup/Cooldown

Curve B should be used whenever Curve A or Curve C do not apply. In other words,
the operator must follow this curve during times when the coolant is heating or

cooling faster than 20°F per hour during a hydrotest and when the core is not critical.
C.2.3 Curve C: Core Critical Operation

The operator must comply with this curve whenever the core is critical. An exception
to this principle is for low-level physics tests; Curve B must be followed during these

situations.
C.3 REACTOR OPERATION VERSUS OPERATING LIMITS

For most reactor operating conditions, coolant pressure and temperature are at
saturation conditions, which are well into the acceptable operating area (to the right
of the P-T curves). The operations where P-T curve compliance is typically monitored
closely are planned events, such as vessel bolt-up, leakage testing and
startup/shutdown operations, where operator actions can directly influence vessel

pressures and temperatures.

The most severe unplanned transients relative to the P-T curves are those that result
from SCRAMs, which sometimes include recirculation pump trips. Depending on
operator responses following pump trip, there can be cases where stratification of

colder water in the bottom head occurs while the vessel pressure is still relatively
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high. Experience with such events has shown that operator action is necessary to

avoid P-T curve exceedance, but there is adequate time for operators to respond.

In summary, there are several operating conditions where careful monitoring of P-T
conditions against the curves is needed:
e Head flange bolt-up
e Leakage test (Curve A compliance)
e Startup (coolant temperature change of less than or equal to 100°F in
one hour period heatup)
e Shutdown (coolant temperature change of less than or equal to 100°F in
one hour period cooldown)

e Recirculation pump trip, bottom head stratification (Curve B compliance)
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APPENDIX D

GE SIL 430
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September 27, 1985 SIL No. 430

REACTOR PRESSURE VESSEL TEMPERATURE MONITORING
Recently, several BWR owners with plants in initial startup have had questions

concerning primary and alternate reactor pressure vessel (RPV) temperature
monitoring measurements for complying with RPV brittle fracture and thermal stress
requirements. As such, the purpose of this Service Information Letter is to provide a
summary of RPV temperature monitoring measurements, their primary and alternate
uses and their limitations (see the attached table). Of basic concern is temperature
monitoring to comply with brittle fracture temperature limits and for vessel thermal
stresses during RPV heatup and cooldown. GE Hitachi Nuclear Energy recommends
that BWR owners/operators review this table against their current practices and

evaluate any inconsistencies.

TABLE OF RPV TEMPERATURE MONITORING MEASUREMENTS (Typical)

Measurement Use Limitations

Steam dome saturation Primary measurement Must convert saturated

temperature as determined above 212°F for Tech steam pressure to

from main steam instrument Spec 100°F/hr heatup temperature.

line pressure and cooldown rate.

Recirc suction line Primary measurement Must have recirc flow.

coolant temperature. below 212°F for Tech Must comply with SIL251

: Spec 100°F/hr heatup to avoid vessel stratification.

and cooldown rate.
Alternate measurement When above 212°F need to
above 212°F. allow for temperature

variations {up to 10-15°F
lower than steam dome
saturation temperature)
caused primarily by FW
flow variations.
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TABLE OF RPV TEMPERATURE MONITORING MEASUREMENTS (CONTINUED)

(Typical)
Measurement Use Limitations
Alternate measurement
for RPV drain line
temperature (can use to
comply with delta T limit
between steam dome
saturation temperature
and bottom head drain -
line temperature).
RHR heat exchanger Alternate measurement Must have previously
inlet coolant for Tech Spec 100°F/hr correlated RHR inlet
temperature cooldown rate when in coolant temperature
shutdown cooling mode. versus RPV coolant
temperature.
RPV drain line Primary measurement to Must have drain line
coolant temperature comply with Tech Spec flow. Otherwise,

delta T limit between
steam dome saturated
temp and drain line
coolant temperature.

Primary measurement to
comply with Tech Spec
brittle fracture

limits during cooldown.

Alternate information
only measurement for
bottom head inside/
outside metal surface
temperatures.

D-3

lower than actual
temperature and higher
delta T's will be indicated
Delta T limitis

100°F for BWR/6s and
145°F for earlier BWRs.

Must have drain line
flow. Use to verify
compliance with Tech
Spec minimum metal
temperature/reactor
pressure curves (using
drain line temperature

to represent bottom
head metal temperature).

Must compensate for outside

metal temperature lag
during heatup/cooldown.

Should have drain line flow.
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TABLE OF RPV TEMPERATURE MONITORING MEASUREMENTS (CONTINUED])

Measurement

(Typical)

Use

Limitations

Closure head flanges
outside surface T/Cs

RPV flange-to-shell
junction outside
surface T/Cs

RPV shell outside
surface T/Cs

Top head outside
surface T/Cs

Primary measurement for
BWR/6s to comply with
Tech Spec brittle fracture
metal temperature limit
for head bolt-up.

One of two primary measure-
ments for BWR/6s for hydro
test.

Primary measurement for
BWRs earlier than 6s to
comply with Tech Spec
brittle fracture metal
temperature limit for
head bolt-up.

One of two primary
measurements for BWRs
earlier than 6s for

hydro test. Preferred

in lieu of closure head
flange T/Cs if available.

iInformation only.

Information only.
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Use for metal (not coolant)
temperature. Install
temporary T/Cs for
alternate- measurement, if
required.

Use for metal (not coolant)
temperature. Response
faster than closure head

. flange T/Cs.

Use RPV closure head flange
outside surface as alternate -
measurement.

Slow to respond to RPV
coolant changes. Not
available on BWR/6s.

Very slow to respond to RPV
coolant changes. Not avail-
able on BWR/6s.
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TABLE OF RPV TEMPERATURE MONITORING MEASUREMENTS (CONTINUED)

(Typical)
Measurement Use - Limitations
Bottom head outside 1 of 2 primary measurements Should verify that vessel
surface T/Cs to comply with stratification is not
Tech Spec brittle fracture present for vessel hydro.
metal temperature (see SIL No. 251).
limit for hydro test.
Primary measurement to Use during heatup to verify
comply with Tech Spec compliance with Tech Spec
brittle fracture metal metal temperature/reactor
temperature limits pressure curves.

during heatup.

Note: RPV vendor specified metal T limits for vessel heatup and cooldown should be
checked during initial plant startup tests when initial RPV vessel heatup and cooldown

tests are run.
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Product Reference: B21 Nuclear Boiler

Prepared By: A.C. Tsang

Approved for Issue: : ‘ Issued By:

B.H. Eldridge, Mgr. - , D.L. Allred, Manager
Service Information Customer Service Information
and Analysis '

. Notice:
SlLs pertoin only to GE BWRs. GE prepares SlLs exclusively as a service to owners of GE BWRs.
GE does not consider or evaluate the applicability, if any, of information contained in SiLs to
any plant or facility other than GE BWRs as designed and furnished by GE. Determination of
applicability of information contained in any SIL to a specific GE BWR and implementation of
recommended action are responsibilities of the owner of that GE BWRSILs are part of GE s
continuing service to GE BWR owners. Each GE BWR is operated by and is under the control
of its owner. Such operation involves activities of which GE has no knowledge and over
which GE has no control. Therefore, GE makes no warranty or representation expressed or
implied with respect to the accuracy, completeness or usefulness of information contained in
SILs. GE assumes no responsibility for liability or damage, which may result from the use of

information contained in SILs.
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APPENDIX E

DETERMINATION OF BELTLINE REGION AND

IMPACT ON FRACTURE TOUGHNESS
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10CFR50, Appendix G defines the beltline region of the reactor vessel as follows:

“The region of the reactor vessel {shell material including welds, heat affected zones,
and plates or forgings) that directly surrounds the effective height of the active core
and adjacent regions of the reactor vessel that are predicted to experience sufficient

neutron radiation damage.”

To establish the value of peak fluence for identification of beltline materials (as
discussed above), the 10CFR50 Appendix H fluence value used to determine the need
for a surveillance program was used; thevalue speciﬁed is a peak
fluence (E>1 MeV)of 1.0e17 n/cm2  Therefore, if it can be shown thdt no
discontinuities are located where the peck neutron fluence is expected to exceed or
equal 1.0e17 n/cm2, then it can be concluded that all reactor vessel discontinuities,
other than those shown in Table 4-2 of Attachment 1 or Appendix B of the PTLR, are
outside the beltline region of.the reactor vessel, and do not need to be considered in

the P-T curve evaluation.

Plant-specific dimensions are obtained from referenced drawings for the locations of
the beltline and components closest to this region as demonstrated in Table E-1 in
Attachment and Appendix B of the PTLR.

The following table is provided in Appendix E of Attachment 1 and Appendix B of the
PTLR:

Table E-1 Determination of Discontinuities in Extended Beltline Region
From this comparison, it becomes obvious which plant-specific discontinuities are
closest to the beltline region. If it is determined that any of these discontinuities sees

a fluence greater than 1.0e17 n/cm2, they are included in Table 4-2 of Attachment 1
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and Appendix B of the PTLR, and considered in development of the beltline region P-T
curves. If it can be shown that the peak fluence at these locations is less than
1.0e17 n/cm2, it can be safely concluded that all discontinuities, other than those
included in Table 4-2 of Attachment 1 or Appendix B of the PTLR, are outside the

beltline region of the reactor vessel.
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APPENDIX F

EXAMPLE CALCULATION FOR LIMITING NOZZLE

IN THE BELTLINE REGION
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For some plants, the definition of the extended beltline region as discussed in
Appendix E causes other components such as nozzles to be considered as part of the
beltline region. In these cases, the materials are included in the ART calculations
presented in Table 4-2 of Attachment 1 and Appendix B of the PTLR. The P-T curves are
evaluated using the basis for the [{ 1l evaluation presented in
Sections ([ ]I for the Pressure Test case and the Core Not
Critical case, respectively. Plant-specific nozzle dimensions are used in these
calculations. Additional discussion and an example are provided in the sections below.

Pressure Test - Beltline Region Curve A (Using ([
1))

The ([ 1] pressure test P-T curve is applied to the plant-
specific |l ] curve by shifting the P vs. (T-RTnor) values in
Section 4.3.2.1.3 to reflect the limiting nozzle ART value from Table 4-2.

Core Not Critical Heatup/Cooldown - Beltline Region Curve B (Using [[
m |

Example Using a Nozzle at 1050 psig at a Given EFPY

As an example using a Recirculation Inlet Nozzle, the primary membrane stresses are
scaled using the plant-specific nozzle geometry. The secondary thermal stresses for
the [ 1] are conservatively used for this nozzle. In this example,
these stresses exceed vyield, and are adjusted using Equation 4-7 described in
Section 4.3.2.1.4. From these stresses, K can be determined. The stresses are scaled
for various pressures and temperatures, similar to the scaling used for the (I

1] core not critical curve in Section 4.3.2.1.4. The primary stresses are scaled by
the nominal pressures, while the secondary stresses are scaled by the temperature
difference of the [[
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1]
Recirculation Inlet Nozzle t, = 5.25 inches, however, t, = 4.875 is conservatively
used
Fla/r) =15

The ([ 1] stresses are used for the Recirculation Inlet Nozzle; only the
primary membrane stress is scaled for the plant-specific vessel thickness, t,. At a
pressure of 1050 psig and a temperature of ([

1], exceeds the yield stress, oys = 45 ksi; therefore,
the correction factor, R, is calculated to consider the nonlinear effects in the plastic
region according ‘to the following equation based on the assumptions and

the stresses given, the ratio, R = 0.40. Therefore, all of the stresses are adjusted by the
factor 0.40, except for opm. [l

1]

T can be calculated by adding the nozzle adjusted RTnor.
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APPENDIX G

THICKNESS TRANSITION DISCONTINUITY EVALUATION
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G.1 OBJECTIVE

The purpose of the following example evaluation is to determine the hydrotest,
heatup/cooldown, and transient temperatures (T) for shell thickness transition discontinuities
in the beltline and the bottom head upper to lower torus, to demonstrate the methods used

to determine that these temperatures are bounded by the appropriate P-T curves.

G.2 METHODS AND ASSUMPTIONS

ANSYS finite element analyses are performed for any thickness discontinuities in the plant-
specific vessel. The purpose of this example evaluation is to determine the RPV discontinuity
stresses (hoop and axial) that result from the thickness transition discontinuity in the beltline
and bottom head regions. The transitions are modeled as specified in Section G.2 of
Attachment 1.

Load cases defined on the plant-specific vessel thermal cycle diagram [3] are evaluated for
the transition region discontinuities, including the bounding beltline transients of those
described in Region B of the plant-specific vessel thermal cycle diagram at temperatures for

which brittle fracture could occur.

Additionally, the bottom head is analyzed for
1) | 11, and
2 I 11(31.

As discussed in Section 4.3.2.1.2 of this report, these transients represent ([

The limiting Normal/Upset transient is also analyzed. It was determined that the [

1] transients for this example case bound this operating condition for the
bottom head region; results for the bounding conditions are presented in Appendix G of
Attachment 1.
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Material properties are used from the Code of construction for the plant-specific RPV

materials as defined in Section G.2 of Attachment 1.

Methods consistent with those described in Section 4.3 are used to calculate the T - RTnor for
the shell discontinuity for a plant-specific hydrotest pressure and the two bottom head
region transient cases. For the beltline region, the adjusted reference temperature values
shown in Table 4-2 of Attachment 1 and Appendix B of the PTLR are added to the T - RTnor to
determine the temperature, T. The value of T is compared to that of the beltline region for
the same condition as described in Sections 4.3.2.2.1 for the hydrotest pressure case and
4.3.2.2.4 for the transient cases. Similarly, the value of T for the bottom head region is
compared to that of the curve defined in Sections 4.3.2.1.1 for the hydrotest pressure case

and 4.3.2.1.2 for the transient cases.

The Control Rod Drive Penetrations in the bottom head are not evaluated as a part of this
discontinuity analysis; detailed analysis of the penetrations is provided in Appendix H. The
stub tubes provide sufficient stiffness that the deletion of these penetrations from this

analysis is acceptable.

It is demonstrated in the Attachment 1 example case that Curve A for the bottom head (CRD)
and beltline regions (Figures 5-1 and 5-4 of Attachment 1, respectively) bound the
temperatures found for the hydrostatic pressure test temperatures from the FEA analysis. It
is also shown that Curve B for the bottom head and beltline regions (Figures 5-7 and 5-10 of
Attachment 1, respectively) bound the temperatures found for transient pressures from the
stresses obtained in the FEA analysis. Therefore, the transition discontinuity stresses in the

beltline and bottom head upper to lower torus are bounded by the P-T curves.

The locations of maximum stress are evaluated for the beltline shell and bottom head torus

locations as shown in Figure G-1 of Attachment 1.
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The methods of ASME Code Section XI, Appendix G [6] are used to calculate the pressure test
and thermal limits. The membrane and bending stresses are determined from the finite
element analysis and are shown in Appendix G of Attachment 1. The hoop stresses are more
limiting than the axial stresses, and are provided in Tables G-1 through G-5 of Appendix G in
Attachment 1.

The stress intensity factors, Km and Kp, are calculated using ASME Code Section Xl
Appendix A (7] and Appendix G [6], as shown in Section 4.3.2.2.2 of this report. Therefore,
Kim=Mm* 6m and Kip = Mp - ob. The values of My, and My are determined from the ASME Code
Appendix G [6]. The stress intensity is based on a 1/4 T radial flaw with a six-to-one aspect
ratio (length of 1.5T). The flaw is oriented normal to the maximum stress direction, in this

“case a vertically oriented flaw since the hoop stress is limiting.

The calculated value of Kim + Kib is multiplied by a safety factor (SF) (1.5 for pressure test and
2.0 for the transient cases), per ASME Appendix G [6] for comparison with K, the material

fracture toughness expressed as Ki.

The relationship between Kic and temperature relative to reference temperature (T - RTnpr) is
provided in ASME Code Section XI Appendix A [7] Paragraph A-4200, represented by the
relationship (K units ksi-in1/2):
Kic = 33.2 + 20.734 exp [ 0.02 (T - RTnor) J; therefore,
T-RTnor=In[(Kc-33.2)/20.7341/0.02,
where Kic = SF* (Kim + Ki)  for the pressure test,

and Kic = (SF* Kip) + Kis ~ for transient cases.
This relationship is derived in the Welding Research Council (WRC) Bulletin 175 [8] as the

lower bound of all dynamic fracture toughness data. This relationship provides values of

pressure versus temperature (from Kir and (T - RTnor), respectively).

G-4



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

The RTnor is added to the (T - RTnor) to determine the hydrotest, heatup, cooldown, and

additional transient temperatures.

Analysis Information:

The values used for tmin, tmax, and (t) are provided in Section G.1 of Attachment 1.
The following figure is provided in Appendix G of Attachment 1:

Figure G-1: Location and Wall Thickness of Evaluation Discontinuities in the Beltline

and Bottom Head Regions
The following tables are provided in Appendix G of Attachment 1:

Table G-1: Analysis Results for Hydrostatic Pressure Test for the Beltline Shell
Discontinuity |
Table G-2:  Analysis Results for Hydrostatic Pressure Test for the Bottom Head

Discontinuity
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G.3 Results and Conclusions for Hydrostatic Pressure Test

The results of this example analysis demonstrate that Curve A remains bounding for
the bottom head torus (Figure 5-1 of Attachment 1) and beltline shell (Figure 5-4 of

Attachment 1) discontinuities.
Beltline

* The maximum plant-specific T - RTnor calculated with the linearized stresses from the
Finite Element Analysis (FEA) for the beltline thickness discontinuity is obtained from
Table G-1 of Attachment 1. The limiting beltline plate and weld material RTnor (ART) at
the region of the discontinuity is obtained from Table 4-2 of Attachment 1 and
Appendix B of the PTLR. The required T for the beltline curve is determined by adding
T - RTnor and ART.

The values obtained from the FEA are compared to the T - RTnor for the beltline region
Curve A obtained from Section 4.3.2.2.2 of Attachment 1. If the beltline region
hydrostatic pressure test temperature T is greater than the T obtained with the FEA
analysis results, the thickness discontinuity remains bounded by the beltline curve.
Should the FEA analysis T exceed the P-T curve T, the P-T curve is adjusted such that it
bounds the discontinuity.

Bottom Head Lower Torus to Upper Toru_s

The maximum T - RTnor calculated with the Finite Element Analysis results for the
bottom head lower torus to upper torus region is obtained from Table G-2 of
Attachment 1. The maximum RTwpr for the bottom head lower torus to upper torus
materials is obtained from Table 4-1 of Attachment 1 and Appendix B of the PTLR.
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The values obtained from the FEA are compared to the T - RTnor for the bottom head
region Curve A obtained from Section 4.3.2.1.2 of Attachment 1. If the bottom head
region hydrostatic pressure test temperature T is greater than the T obtained with the
FEA analysis results, the thickness discontinuity remains bounded by the bottom head
curve. Should the FEA analysis T exceed the P-T curve T, the P-T curve is adjusted

such that it bounds the discohtinuity.

The following tables are included in Appendix G of Attachment 1:
Table G-3: Beltline Analysis and Results for Heatup and Cooldown
Table G-4: Bottom Head Analysis and Results for Heatup and Cooldown

Table G-5: Bottom Head Analysis and Results for ([
1]

G.4 Results and Conclusions for Transient Cases

The results of the discontinuity analysis demonstrate that the linearized stresses in
the bottom head torus, and beltline regions are bounded by the bottom head (CRD)
Curve B, and the beltline Curve B (Figures 5-7 and 5-10, respectively, from
Attachment 1).

Beltline

The maximum plant-specific T - RTnor calculated with the linearized stresses from the
Finite Element Analysis (FEA) for the beltline thickness discontinuity is obtained from
Table G-3 of Attachment 1. The limiting beltline weld material RTnor (ART) at the
region of the discontinuity is obtained from Table 4-2 of Attachment 1 and
Appendix B of the PTLR. The limiting beltline plate RTnor (ART) at the region of the

discontinuity is also obtained from Table 4-2.
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The values obtained from the FEA are compared to the T - RTnor for the beltline region
Curve B. If the beltline region T is greater than the T obtained with the FEA analysis
results, the thickness discontinuity remains bounded by the beltline curve. Should the
FEA analysis T exceed the P-T curve T, the P-T curve is adjusted such that it bounds’

the discontinuity.

Bottom Head Lower Torus to Upper Torus

The maximum plant-specific T - RTnor for the thickness discontinuity in the bottom
head lower to upper torus region is obtained from Tables G-4 and G-5 of
Attachment 1. The maximum RTnor for the materials in this region is obtained from
Table 4-1 of Attachment 1 and Appendix B of the PTLR.

The values obtained from the FEA are compared to the T - RTnpr for the bottom head
region Curve B obtained from Section 4.3.2.1.2 of Attachment 1. If the bottom head
region Tis greater than the T obtained with the FEA analysis results, the thickness
discontinuity remains bounded by the bottom head curve. Should the FEA analysis T

exceed the P-T curve T, the P-T curve is adjusted such that it bounds the discontinuity.
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Appendix G References:

1.

2.

3.

Plant-Specific Vessel Drawings.
Plant-Specific Vessel Drawings.
Plant-Specific Vessel Drawings.
Plant-Specific Vessel Drawings.
Plant-Specific QA Records and RPV CMTRs.

“Fracture Toughness Criteria for Protection Against Failure”, Appehdix G to
Section Xl of the ASME Boiler and Pressure Vessel Code.

“Analysis of Flaws”, Appendix A to Section X| of the ASME Boiler and Pressure

Vessel Code.

“PVRC Recommendations on Toughness Requirements for Ferritic Materials”,
Welding Research Council Bulletin 175, August 1972.
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APPENDIX H

CORE NOT CRITICAL CALCULATION

FORTHE BOTTOM HEAD CRD PENETRATION
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H.1 Executive Summary

This Appendix describes the analytical methods used to determine the T - RTnor value

applicable for the Bottom Head Core Not Critical P-T curves. This evaluation uses

new finite element fracture mechanics technology developed by the General Electric

Company, which is used to augment the methods described in the ASME Boiler and

Pressure Vessel Code [1]. ([

11 This

method more accurately predicts the expected stress intensity [[

1 The peak stress intensities for the pressure

and thermal load cases evaluated are used as inputs into the ASME Code Appendix G
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evaluation methodology to calculate T - RTnor. ([

H.2 Scope

This Appendix describes the analytical methods used to determine the T - RTnor value
applicable for the bottom head core not critical P-T curves. This evaluation uses new
finite element fracture mechanics technology developed by the General Electric
Company, which is used to augment the methods described in the ASME Boiler and
Pressure Vessel Code [1]. This Appendix discusses the finite element analysis and the

ASME Appendix G [1] calculations separately below.

H.3 Analysis Methods

This section contains technical descriptions 6f the analytical methods used to
perform the BWR bottom head fracture mechanics evaluation. The applicability of
the current ASME Code, Section XI, Appendix G methods [1] considering the specific
bottom head geometry is discussed first, followed by a detailed discussion of the

finite element analysis and Appendix G evaluation [1].

H.3.1 Applicability of the ASME Code Appendix G Methods

The methodé described in the ASME Code Section XI, Appendix G [1] for
demonstrating sufficient margin against brittle fracture in the RPV material are based
upon flat plate solutions, which cohsider uniform stress distributions along the crack
tip. The method also suggests that a 1/4T semi-elliptical flaw with an aspect ratio of
6:1 (length to depth) be considered in the evaluation. When the bottom head specific

geometry is considered in more detail the following items become evident:

I
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|

Noting these items, the applicability of the methods suggested in Appendix G
( 11 The ASME Code does not preclude using other methods;

therefore, a more detailed {[ 1] finite element fracture mechanics analysis {{

1] was performed. The stress intensity obtained from this analysis is

used in place of that determined using the Appendix G methods [1].

H.3.2 Finite Element Fracture Mechanics Evaluation

An advanced ([ 1] finite element analysis of a BWR bottom head geometry
[l

1] was performed to determine the Mode | stress intensity at the tip of a 1/4T
postulated flaw. [{

Finite Elements [[ : 1]

All Finite Element Analyses were performed using ANSYS Version 6.1 [2]. ([

1]
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Structural Boundary Conditions

The modeled geometry is one-fourth of the bottom head hemisphere, so symmetry
boundary conditions are used. [

1] The mesh is shown in Figure H-1.

Il

I

Material Properties

Two materials are used as per the ASME Code. Material 1 is SA533, which is used to

model the vessel. Material 2 [[

1] The ANSYS listing of these materials in ([pound-inch-second-°F) units follows:

H-5
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[t

1]
EX is the Young's Modulus, NUXY is the Poisson’s Ratio, ALPX is the Thermal Expansion
Coefficient, DENS is the Density, KXX is the Thermal Conductivity and C is the Heat

Capacity.

Loads

Two loads cases were independently analyzed.
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1. Pressure Loading -

An internal pressure of 1250 psi is applied to the interior of the vessel ([

1] In addition, the thin cylindrical shell stress due to this pressure is
applied as a blowoff pressure [[ 1] at the upper extremity of

the vertical wall of the BWR. Figure H-2 shows these loads. ([

|

. Figure H-2. Pressure Loads

2. |l 1] Thermal Transient

1]

Thermal loads are applied to the model as time-dependent convection
coefficients and bulk temperatures. Referring to the regions identified in
Figure H-3, the corresponding values follow. Convection coefficients (h) are in
units of BTU/(hr-ft-°F) and temperatures (T) are in °F.
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Figure H-3. Regions To Which Thermal Loads Are Applied

a. Region1l: h=25T=60
b. Regions 2 and 3:

Time (min) h2 hs T

0 496 413 ([ lj
[l 11 341 354 [ 1]
[l 1l 496 413 [l 1]
[ 1] 496 413 ([ )

([

I

Temperature Plot vs. Time (min.)

c. Region 4: Adiabatic (exaggerated in size in drawing)
d. Region5:h=0.2,T=100
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The peak thermal gradients were used to compute the thermal stresses based on a

uniform reference temperature of 70°F.

Crack Configurations

The following four cracks were analyzed:

1. A part through crack, % of the vessel wall thickness deep, measured from

inside the vessel, [[

1]

2. Same as 1, but depth is measured from outside the vessel
3. Sameas 1, (] 1]
4. Sameas 2, [[ 1]

]]

The cracks considered for this analysis ([
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Stress Intensity Factor Computation

[l
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([

1]

Benchmarking ([ 11 Methodology
I
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1] The results of these benchmarking studies have

demonstrated the accuracy of this method as used for this evaluation.

Pressure Loading Analysis Results
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Benchmarking of Pressure Loading Results

Pressure Loading analyses [

H-15



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

H-16



GEH Nuclear Energy ' NEDO-33178-A

Non-Proprietary Version

H-17



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

Thermal Transients Analysis Results

For the thermal transient considered, the inner diameter of the vessel is hotter than
the outer diameter; hence the [.D. cracks, ([ 1], close
due .to the thermal gradient and result in negative Stress Intensity Factors, which is
not critical. However, the O.D. cracks open [[

11. All results for the thermal transient will consequently be shown for the O.D.
[l 1] crack.

In order to identify the peak gradient, three locations were chosen. Il

[l 1l Thermal Gradients [[ 1l

Figure H-10a is a plot of these three gradients vs. time. Figure H-10b is zoomed in to

the peaking region.
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Il

H-19



GEH Nuclear Energy | NEDO-33178-A

Non-Proprietary Version

" It can be seen that the peak times and values based on each gradient are:

Gradient Peak Time (Min.) Peak Value (°F)

Stress analyses were performed using the temperature distributions obtained from
the thermal analyses at each of these peak times and the Stress Intensity Factors are

shown in Figure H-11.

[(

H.3.3 ASME Code Appendix G Evaluation

The peak stress intensities for the pressure and thermal load cases evaluated above

are used as inputs to the ASME Code Appendix G evaluation methodology [1] to
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calculate a T - RTnot. The core not critical bottom head P-T curve T - RTnoT is

calculated using the formulas listed below:
K| = SFp Ky + SFKy
SF_=20
p

SFt =10

K -332)
T - RT =lp —— | —
NDT 20.734 ) 0.02

Where: Kl is the total mode | stress intensity,
Klp is the pressure load stress intensity,
Klt is the thermal load stress intensity,
SFp is the pressure safety factor,
SFt is the thermal safety factor,

Note that the stress intensity is defined in units of: ksi*in/,

H.4 Results

Review of the [{ 1] results above demonstrates that the OD ([ 1
crack exhibits the highest stress intensity for the considered loading. The T - RTnor to
be used in the core not critical bottom head P-T curves shall be calculated using the
stress intensities obtained at this location. The calculations are shown below:

[l

1
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Note that the pressure stress intensity has been adjusted by the factor
il 1] to account for the vessel pressure at which the maximum thermal
stress occurred. The finite element results summarized above were calculated using

a vessel pressure [[ 1]

Comparing the T - RTnpr calculated using the methods described above to that

determined using the previous GE methodology, ([

1]

H.5 Conclusions

For the [[ 1] transient, the appropriate T-RTnor for use in determining
the bottom head core not critical P-T curves ([ 1]. Existing bottom head core
not critical curves developed using the previous GE methodology ([

1]

H.6 References

1. American Society of Mechanical Engineers Boiler and Pressure Vessel Code
(ASME B&PV Code), Section XI.

2. ANSVYS User's Manual, Version 6.1.
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This section provides guidance for the use of BWR surveillance data for developing
pressure temperature limit curves and other vessel integrity evaluations.

1.1  Introduction

The BWRVIP Integrated Surveillance Program (ISP) replaces individual plant reactor
pressure vessel surveillance capsule programs with representative weld and base
materials data from host reactors [1]. A representative material is a plate or weld
material that is selected from among all the existing plant surveillance programs or
the Supplemental Surveillance Program (SSP) [2] to represent one or more limiting
plate or weld materials in a plant. The BWRVIP ISP is responsible to provide each BWR
plant with surveillance data for the materials assigned to represent that plant’s
limiting vessel weld and base materials. Plant owners, in turn are responsible to
evaluate the data using the methods in Regulatory Guide 1.99, Revision 2 [3], in
accordance with 10CFR50, Appendix G, for determination of Adjusted Reference
Temperature (ART) values.

Surveillance and chemistry data for all representative materials in the ISP have been
evaluated by BWRVIP. For each material that has been designated as an ISP
representative material, a comprehensive material summary has been developed. All
baseline and irradiated Charpy data for ISP surveillance materials have been obtained
from past surveillance program and capsule reports. The data were reanalyzed,
using consistent analysis standards and protocols. Best estimate chemistry values
were also calculated in a manner consistent with USNRC guidance [4].

The BWRVIP ISP has been generically approved by NRC and is documented in a safety
evaluation [5]. Owners incorporate the ISP on a plant-specific basis via license
amendment.

1.2 Guidance for Processing Surveillance Data

The following process is recommended for evaluating surveillance data:

1. If there is new surveillance data for any heat that is located in the vessel
beltline (e.g., heat numbers match), then Procedure #1 can be used as a

-2
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1.3

guide for evaluating the new information. A new Adjusted Reference
Temperature (ART) should be calculated for the wvessel material to
determine whether plant vessel integrity evaluations are affected.

If there is new information but that same heat number is not contained in
the vessel beltline, then Procedure #2 can be used as a guide for
evaluating the new information.

Reporting

The following information should be reported to the BWRVIP following an evaluation
of the ISP surveillance data applied to a specific BWR vessel.

1

After vessel integrity evaluations (e.g., ART tables) are updated, the plant
should provide an information copy of the revised ART tables for the
beltline materials to the BWRVIP ISP Project Manager. This will assist the
BWRVIP during its annual ISP program review to revalidate the ISP Test
Matrix.

As an ongoing “maintenance” activity, all plants should inform the BWRVIP
ISP Project Manager whenever its fluence calculations are updated. It is
essential that the following information be promptly reported to the
BWRVIP ISP Project Manager:

a. Updated fluence values for the beltline region inside surface and 1/4T
positions;

b. Revised capsule fluence estimates and revised lead or lag factors;

c. Revised ART calculations for beltline materials resulting from the
revised fluence, with fluence, CF and margin clearly specified for each
material.

This information is particularly vital to the BWRVIP ISP, because any
revisions to capsule fluence estimates can affect RTnor shift calculations
for that material - with a direct effect on any other plants using that data
for an updated CF value.
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Procedure #1
Recommended Guidance for the Use of ISP Surveillance Data when

Vessel Material and Surveillance Material Heat Numbers Are Identical

Prerequisites

This procedure provides recommended guidance for the use of BWRVIP ISP
surveillance data only when the following condition is met:

1. The heat number of the vessel beltline material being evaluated and the
heat number of the surveillance material (e.g., the ISP Representative
Material or other material) are identical.

Objective

The objective of this procedure is to determine the Adjusted Reference
Temperature (ART) for the vessel material as determined by the following
expression:

ART = Initial RTnot + ARTnpT + Margin (1)

This procedure is designed to determine the “ARTNDT” and “Margin” terms of the
ART equation. The “Initial RTnot” is established by the plant according to the
definition below.

Definitions and Backqround

The guidance provided by this procedure is based on Regulatory Guide 1.99,
Rev. 2, with clarifications as noted by References 4 {1998 NRC Presentation) and
5 {10CFR50.61, PTS Rule).

Initial RTnpr is the reference temperature for the unirradiated materials as defined
in Paragraph NB-2331 of Section Ill of the ASME Boiler and Pressure Vessel Code.
Some plants have measured values of initial RTnor; other plants use generic
values. For generic values of weld metal, the following generic mean values must
be used: 0°F for welds made with Linde 80 flux, and -56°F for welds made with

-4
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Linde 0091, 1092, and 124 and ARCOS B-5 weld fluxes [6]. Other generic mean
values may be used, provided they are justified and have NRC review and
approval. The generic mean values used shall be identified in the PTLR.

ARTnpr is the mean value of the adjustment in reference temperature caused by
irradiation, as calculated by the equation:

ARTnor = (CF) £ 028-0.110gf) (2)

where CF (°F) is the chemistry factor. The CF can either be a function of copper
and nickel content, as given in Reg. Guide 1.99 Rev. 2 Table 1 (welds) or 2 (base
metal), or a factor based on the “best fit” of two or more surveillance test data.

The neutron fluence at any depth in the vessel wall, f (1012 n/fcm2, E > 1 MeV), is
determined as follows:

f = fours (e 0-24%) (3)

where furf (1012 n/fcm?2, E > 1 MeV) is the calculated value of the neutron fluence at
the vessel inner surface, and x (in inches) is the depth into the vessel wall
measured from the vessel inner surface. The depth of interest for this calculation
is the 1/4T position in the vessel wall.

The fluence factor, f(028-011egf), is determined by calculation from the fluence.

"Margin" is the quantity, °F, that is to be added to obtain conservative upper-
bound values of adjusted reference temperature required by Appendix G to
10CFR, Part 50,

Margin =2 ,/0'12 + UZ , 4)

where o is the standard deviation for the initial RTxor. If @ measured value of
initial RTnpt for the material in question is available, o1 is to be estimated from the
precision of the test method (and it is normally taken to be 0°F). If not, and generic
mean values for the class of material are used, o is the standard deviation
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obtained from the set of data used to establish the mean. If the generic mean
Initial RTnor value of a Linde 80, 0091, 1092 and 124 or ARCOS B-5 weld is used,
then o is 17°F [6]. The standard deviation for ARTnor, G4 , is 28°F for welds and
17°F for base metal, except that 6a need not exceed 0.50 times the mean value of

ARTnpT.
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Procedural Steps

1. Verify Heat Number Match

This recommended procedure is applicable only in the case that the heat number
of the vessel beltline material being evaluated and the heat number of the
surveillance material (e.g., the ISP Representative Material or other material) are
identical. If not, then Procedure #2, “Recommended Guidance for the Use of ISP
Surveillance Data When the Vessel Material and Surveillance Material Heat
Numbers Do Not Match”, should be used. -

2. Identify Available Surveillance Data for this Heat

Review the ISP surveillance data for this heat. Are there 2 or more reported
surveillance data points for this material? If YES, proceed to Step 3. If NO, then
skip to Step 5.

3. Determine Credibility of Surveillance Data

The objective of this step is to verify that there are two or more valid, credible
surveillance data points for this heat.

The BWRVIP analysis of the surveillance data for this heat should be reviewed.

a. Confirm that the vessel wall temperature at the cladding/base metal
interface (in the beltline region) is within +/- 25°F of the BWR capsule
irradiation temperature range of 525°F to 535°F.

b. If the vessel wall temperature is an outlier, oppropriote temperature
adjustments to the surveillance data may be required. An appropriate
temperature adjustment is a 1°F increase in ARTnpr per 1°F decrease in
irradiation temperature [7]. Any temperature odjustrhents shall be
identified and described in the PTLR.

c. If the vessel temperature credibility criterion is confirmed, then the
plant should declare the surveillance data to be “credible” or “not
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credible” for its vessel, depending on the BWRVIP evaluation of the data
scatter criterion.

Note: Classification of the surveillance data as “credible” or
“not credible” does not determine whether or not the data
will be used Under certain circumstances, the NRC

requires the Chemistry Factor to be based on non-credible
surveillance data, if the Table CF is non-conservative in
comparison [4].  Those circumstances will be explained in
detail in the following steps.

d. Scatter in the plots of Charpy energy versus temperature for the
irradiated and unirradiated conditions should be small enough to
permit the determination of the 30 foot-pound temperature and the
upper shelf energy unambiguously.

e. When there are two or more sets of surveillance data from one reactor,
the scatter of DRTypr values about a best-fit line drawn as described in
Regulatory Guide, Revision 2, Regulatory Position 2.1, normally should
be less than 28°F for welds and 17°F for base metal. Even if the fluence
range is large {two or more orders of magnitude), the scatter should
not exceed twice those values. Even if the data fail this criterion for use
in shift calculations, they may be credible for determining decrease in
upper shelf energy if the upper shelf can be clearly determined,
following the definition given in ASTM E185-82.

4. Determine Chemistry Factor (2 or more Surveillance Data)

This step applies only when there are 2 or more surveillance data points available.
If there is only one surveillance data point, or no data, then skip to Step 5.

The CF is based either on the Reg. Guide 1.99 Rev. 2 tables, or on the best fit of the
surveillance data, according to the guidance below.

If the material being evaluated is a plate, determine the Chemistry Factor
according to Step 4.a. If the material is a weld, determine Chemistry Factor
according to Step 4.b.
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4.a. Determine CF for a Plate Material

1) Determine the Table CF (that is, the CF given in Table 2 of Reg.
Guide 1.99 Rev. 2) for the best estimate chemistry of the vessel
plate.

2) Compare this Table CF to the surveillance CF (e.g., the CF
determined by a best fit to the surveillance data) reported by the
BWRVIP.

3) If the fitted data give a higher value of CF than the tables, then
surveillance data CF should be used. This is true even if the
surveillance data were not credible (Ref. 4, Case 3).

4) If the fitted results give a lower value, and the surveillance data are
credible, then either the Table CF or the surveillance CF value may
be used. If the fitted results give a lower value, and the surveillance
data are not credible, then the higher (e.g., Table CF) must be
used (Ref. 4, Case 2).

5) Skip to Step 6.
4.b. Determine CF for a Weld Material

If the measured copper or nickel content of the surveillance weld
differs from that of the vessel weld of the same heat, (ie., the
surveillance weld best estimate chemistry differs from the vessel weld
best estimate chemistry), the fitted CF from the surveillance data
should be adjusted by multiplying it by the ratio of the
Reg. Guide 1.99 Rev. 2 table chemistry factor for the vessel weld to that
for the surveillance weld. The following steps incorporate this
adjustment:

1) Determine the Table CF (that is, the CF given in Table 1 of
Reg. Guide 1.99 Rev. 2] for the best estimate chemistry of the vessel
~ weld. '
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2)

3)

4)

5)

)

7)

Adjusted Surv. CF = (

Note:  Revised best estimate chemistries for selected BWR
welds and plates have been calculated by the BWRVIP.
Calculation of the best estimate chemistries for all other
vessel materials is the responsibility of the plant.

Determine the Table CF for the best estimate chemistry of the

surveillance weld (Table CFsury. chem).

Calculate an Adjusted Surveillance CF by the following equation:

Table CFVessel Chem.
Table CFE,

Surv. Chem.

J * CFritted Data ’ (5)

Compare the Adjusted Surveillance CF to the Table CFuessel chem.

If the Adjusted Surveillance CF is higher than the Table CFyessel chem,
then the Adjusted Surveillance CF should be used as the CF in
Step 6 (calculation of ARTnor). This is true even if the surveillance
data were not credible because of excessive scatter.

If the Adjusted Surveillance CF is less than the Table CFvessel chem,
and the surveillance data are credible, then either the Table CF or
the Adjusted Surv. CF value may be used. If the Adjusted
Surveillance CF is less than the Table CFyessel chem, and the
surveillance data are not credible, then the higher (eg.,
Table CFuessel chem) MUst be used.

Skip to Step 6.

5. Determine Chemistry Factor (No Surveillance Data, or 1 Data Point)

This step applies only when there is only one, or less, surveillance data points

available.

If there are two or more surveillance data points, do not use Step 5;

go back to Step 4.

The CF for the vessel material should be determined from the Reg. Guide 1.99
Rev. 2 tables, based on the best estimate chemistry of the vessel material.
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Note: Revised best estimate chemistries for selected BWR vessel
and surveillance capsule materials have been calculated by the
BWRVIP, as documented in BWRVIP-86-A [1]. Calculation of the
best estimate chemistries for all other vessel materials should be
determined in accordance with the NRC practice documented
in [7]. The suggested practice is documented in guidelines
contained in BWRVIP-135. This evaluation is the responsibility of
the plant, must be described in the PTLR, and must utilize NRC-
approved methods.

After the CF associated with the best estimate chemistry of the vessel heat is
determined from Reg. Guide 1.99 Rev. 2 Table 1 (Welds) or Table 2 (Plates),
proceed to Step 6.

6. Calculate ARTnoT

Calculate the transition temperature shift at the 1/4T position in the vessel,
ARTnort v/41, Using the appropriate CF value determined in'Step 4 or 5 and the
projected fluence at the 1/4T location, fysr, using equation (6):

ARTND T 07 = CF* flsg)TZS -0.1log fimT) "
7. Determine Margin

The margin term is calculated by Equation (4). If the surveillance data are
credible, the values given there for 6, may be cut in half. Therefore:

a) For credible surveillance data, o, is the lower of the following:
a) 14°F for welds, 8.5°F for base metal, or
b) 0.50 times the mean value of ARTnpr.

b} If the surveillance data are not credible, then o, is the lower of the
following:

a) 28°F for welds, 17°F for base metal, or

b) 0.50 times the mean value of ARTnpT.
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8. Calculate the ART for the Vessel Material

Calculate the ART for the vessel material using Equation (1) and the values for
ARTnpt and Margin determined above.
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Procedure #2
Recommended Guidance for the Use of ISP Surveillance Data when
Vessel Material and Surveillance Material Heat Numbers

Do Not Match

Prerequisites

This procedure provides recommended guidance for the use of BWRVIP ISP
surveillance data only when the heat number of the vessel beltline material being
evaluated and the heat number of the surveillance material (e.g., the ISP
Representative Material) do not match.

Objective

The objective of this procedure is to determine the Adjusted Reference
Temperature (ART) for the vessel material as determined by the following
expression:

ART = Initial RTnpr + ARTnpT + Margin (1)

This procedure is designed to assist the plants in using the ISP surveillance data to
determine the “ARTnot” and “Margin” terms of the ART equation. The “Initial RTnpr”
is established by the plant according to the definition below.

Definitions and Background

Initial RTnot is the reference temperature for the unirradiated materials as defined
in Paragraph NB-2331 of Section Il of the ASME Boiler and Pressure Vessel Code.
Some plants have measured values of initial RTnor: other plants use generic
values. For generic values of weld metal, the following generic mean values must
be used: 0°F for welds made with Linde 80 flux, and -56°F for welds made with
Linde 0091, 1092, and 124 and ARCOS B-5 weld fluxes [6]. Other generic mean
values may be used, provided they are justified and have NRC review and
approval. The generic mean values used shall be identified in the PTLR.

I-13
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ARTnpr is the mean value of the adjustment in reference temperature caused by
irradiation, as calculated by the equation:

ARTnor = (CF) f(0:28-0.110gf) (2)

where CF (°F) is the chemistry factor. The CF can either be a function of copper
and nickel content, as given in Reg. Guide 1.99 Rev. 2 Table 1 (welds) or 2 (base
metal), or a factor based on the “best fit” of two or more surveillance test data.
For the materials being evaluated by this procedure, only the Reg. Guide tables
will be used.

The neutron fluence at any depth in the vessel wall, f (1019 n/fcm2, E > 1 MeV), is
determined as follows:

= fourt le 02%) | ()

where fsuf (101 n/cm2, E > 1 MeV) is the calculated value of the neutron fluence at
the vessel inner surface, and x (in inches) is the depth into the vessel wall
measured from the vessel inner surface. The depth of interest for this calculation
is the 1/4T position in the vessel wall.

The fluence factor, f{028-01logf) js determined by calculation from the fluence.

"Margin" is the quantity, °F, that is to be added to obtain conservative upper-
bound values of adjusted reference temperature required by Appendix G to
10CFR, Part 50,

Margin =2 1/()‘i2 + 0'2 “)

where o is the standard deviation for the initial RTnor. If @ measured value of
initial RTnot for the material in question is available, o) is to be estimated from the
precision of the test method (and it is normally taken to be 0°F). If not, and generic
mean values for the class of material are used, o is the standard deviation
obtained from the set of data used to establish the mean. If the generic mean
Initial RTnot value of a Linde 80, 0091, 1092 and 124 or ARCOS B-5 weld is used,
then oy is 17°F. The standard deviation for ARTnor, 04 , is 28°F for welds and 17°F
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for base metal, except that 6a need not exceed 0.50 times the mean value of
ARTnoT.
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Procedural Steps

1. Verify Heat Numbers Do Not Match

This recommended procedure is applicable only in the case that the heat
number of the vessel beltline material being evaluated and the heat number of
the surveillance material (e.g., the ISP Representative Material or other
material) do not match. If they do match, then Procedure #1, “Recommended
Guidance for the Use of ISP Surveillance Data When Vessel Material and
Surveillance Material Heat Numbers Are Identical” should be used.

2. Review Surveillance Data for the Assigned ISP Representative Material

All surveillance data for the ISP representative materials have been analyzed
by the BWRVIP.

3. Determine Chemistry Factor

The CF for the vessel material should be determined from the
Reg. Guide 1.99 Rev. 2 Table 1 (Welds) or Table 2 (Plates), based on the best
estimate chemistry of the vessel material.

Note: Revised best estimate chemistries for selected BWR vessel
and surveillance capsule materials have been calculated by the
BWRVIP, as documented in BWRVIP-86-A [1]. Calculation of the
best estimate chemistries for all other vessel materials should be
determined in accordance with the NRC practice documented in
[7]. The suggested practice is documented in guidelines contained
in BWRVIP-135. This evaluation is the responsibility of the plant,
must be described in the PTLR, and must utilize NRC-approved
methods.

I-16
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4, CaIcuIate_ARTNDT

Calculate the transition temperature shift at the 1/4T position in the vessel,
ARTnpr 1741, Using the CF value determined in Step 3 and the projected fluence
at the 1/4T location, fyr, using equation (6):

ARTNDT1/4T = CF* f1$9T28 -0.1 log fuat) (6)

5. Determine Margin
The margin term is calculated by Equation (4).
o, is the lower of the following:
a. 28°F for welds, 17°F for base metal, or
b. 0.50 times the mean value of ARTnor.
6. Calculate the ART for the Vessel Material

Calculate the ART for the vessel material using Equotlon (1) and the values for
ARTnor and Margin determined above.
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Table 6-1
Chemistry Factor for Welds, °F
Nickel, Wt-%
Copper 0 0.20 0.40 0.60 0.80 1.00 1.20
Wt-%

0 20 20 20 20 20 20 20
0.01 20 20 20 20 20 20 20
0.02 21 26 27 27 27 27 27
0.03 22 35 41 41 41 41 41
0.04 24 43 54 54 . 54 54 54
0.05 26 49 67 68 68 68 68
0.06 29 52 77 82 82 82 82
0.07 32 55 85 95 95 95 95
0.08 36 58 90 106 108 108 108
0.09 40 61 94 115 122 122 122
0.10 44 65 97 122 133 135 135
0.11 49 68 101 130 144 148 148
0.12 52 72 103 135 153 161 161
0.13 58 76 106 139 162 172 176
0.14 61 79 109 142 168 182 188
0.15 66 84 112 146 175 191 200
0.16. 70 88 115 149 178 199 211
0.17 75 92 119 151 184 207 221
0.18 79 95 122 154 187 214 230
0.19 83 100 126 157 191 : 220 238
0.20 88 104 129 . 160 194 223 245
0.21 92 108 133 164 197 229 252
0.22 97 112 137 167 200 232 257
0.23 101 117 140 169 203 236 263
0.24 105 121 144 173 206 239 268
0.25 110 126 148 176 209 243 272
0.26 113 130 151 180 212 246 276
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Nickel, Wt-%

Copper 0 0.20 0.40 0.60 0.80 1.00 1.20
Wt-%
0.27 119 134 155 184 216 249 280
0.28 122 138 160 187 218 251 284
0.29 128 142 164 191 222 254 287
0.30 131 146 167 194 225 257 290
031 136 151 172 198 228 260 293
0.32 140 155 175 202 231 263 296
0.33 144 160 180 205 234 266 299
034 149 164 184 209 238 269 302
0.35 153 168 187 212 241 272 305
0.36 158 172 191 216 245 275 308
0.37 162 177 196 220 248 278 311
0.38 166 182 200 223 250 281 314
0.39 171 185 203 - 227 254 285 317
0.40 175 189 207 231 257 288 320
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Table 6-2
Chemistry Factor for Base Metal, °F
Nickel, Wt-%
Copper 0 0.20 0.40 0.60 0.80 1.00 1.20
Wt-%

0 20 20 20 20 20 20 20
0.01 20 20 20 20 20 20 20
0.02 20 20 20 20 20 20 20
0.03 20 20 20 20 .20 20 20
0.04 22 26 26 26 26 26 26
0.05 25 31 31 31 31 31 31
0.06 28 37 37 37 37 37 37
0.07 31 43 44 44 44 44 44
0.08 34 48 51 51 51 51 51

| 0.09 37 53 58 58 58 58 58
0.10 41 58 65 65 67 67 67
0.11 45 62 72 74 77 77 77
0.12 49 67 79 83 86 86 86
0.13 53 71 85 91 96 96 © 96
0.14 57 75 91 100 105 106 106
0.15 61 80 99 110 115 117 117
0.16 65 84 104 118 123 125 125
0.17 . 69 88 110 127 132 135 135
0.18 73 92 115 134 141 144 144
0.19 78 97 120 142 150 154 154
0.20 82 102 125 149 159 164 165
0.21 86 107 129 155 167 172 174
0.22 91 112 134 161 176 181 184
0.23 95 117 138 167 184 190 194
0.24 100 121 143 172 191 199 204
0.25 104 126 148 176 199 208 214
0.26 109 130 151 180 205 216 221
0.27 114 134 155 184 211 225 230
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Nickel, Wt-% _

Copper 0 0.20 0.40 0.60 0.80 1.00 1.20
Wit-%

0.28 119 138 160 187 216 233 239
0.29 124 142 164 191 221 241 248
0.30 129 146 167 194 225 249 257
031 134 S151 172 198 228 255 266
032 139 155 175 202 231 1260 274
0.33 144 160 180 205 234 264 282
034 149 164 184 209 238 268 290
0.35 153 168 187 212 241 272 298
0.36 158 173 191 216 245 275 303
0.37 162 177 196 220 248 278 308
0.38 166 182 200 223 250 281 313
0.39 171 185 203 227 254 285 317
0.40 175 189 207 231 257 288 320
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APPENDIX J

WATER LEVEL INSTRUMENTATION NOZZLE EVALUATION
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J.1 Executive Summary

This appendix describes the evaluation performed to determine the bounding T-RTor for
the Boiling Water Reactor (BWR) Water Level Instrumentation {WLI) Nozzle for use in
establishing Pressure-Temperature (P-T) curves for a BWR. This evaluation uses finite
element fracture mechanics to augment the methods described in the ASME Boiler and

Pressure Vessel Code, Section XI, Appendix G [1]. ([

1] The peak stress intensities for the pressure and thermal load cases evaluated
are used as inputs into the ASME Code Appendix G evaluation methodology to calculate a
T-RTnor.
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J.2 Scope

This appendix describes the evaluation performed to determine the bounding T-RTnor for
the BWR WLI Nozzle for use in establishing P-T curves for a BWR. This work was performed
in response to a Request for Additional Information (RAI) from the Nuclear Regulatory

Commission (NRC) [2]. The evaluation utilized [

. 1]
ASME B&PV Code, Section X, Appendix G methods were used to determine the T-RTyor [1].
Both the finite element analysis (FEA) and Appendix G evaluation are described in this

document.

J.3 Analysis Methods

This section contains technical descriptions of the analytical methods used to perform the
fracture mechanics evaluation of the BWR WLI Nozzle in support of P-T curve development.
Methodological assumptions are introduced followed by separate discussions of the FEA

and Appendix G evaluations.

J.3.1 Assumptions:

This section describes the significant assumptions used for this evaluation:

1. The 251 inch [[ 1] vessel is considered for this evaluation
because it represents the largest diameter BWR vessel in the fleet (there are other
vessels with this diameter) and because the WLI Nozzle at [{ 11 is a partial
penetration design with the nozzle forging connected to the RPV shell by an Inconel
J-weld. The mode | stress intensity of the corner crack postulated in the instrument
nozzle configuration will primarily be affected by the internal pressure, thermal
transient, R/t, and a/ra, where R is the RPV inner radius, t is the shell thickness, a is
the crack depth, and r, is the apparent radius of the nozzle. The internal pressure is

constant throughout the BWR fleet. The thermal transients for the fleet are also
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very similar. GEH selected the [[ 1] transient from the thermal cycle

diagram for this evaluation; therefore, it is expected to ([

I GEH compares the R/t for
each plant specific application to the R/t for the evaluation documented in this
appendix to identify if the pressure stress is bounded. If the plant specific R/t is
greater than that considered in this evaluation then GEH scales the pressure K|
determined from this evaluation by the ratio of R/t for the plant specific application
to the R/t for the evaluation documented in this Appendix. Since pressure stress in
the elastic region is proportional to R/t and K; is proportional to the applied stress,
then K, scales with R/t. GEH compares the a/r, of the plant specific application to
that for this evaluation and scales the K results using the Fla/ra) relationship
documented in WRC 175 to correct results for bore diameters that are greater than
considered for this evaluation. Using this approach the results of this Appendix are

applicable to all plants in the fleet.

I
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1

3. The stress free temperature of the Inconel weld between the low alloy and carbon
steel WLI Nozzle and RPV shell is defined as the normal operating temperature. The
ASME B&PV Code, Section XI, Appendix G [1] recommended methods for defining
P-T curves are based upon the methods of WRC 175 [3]. WRC 175 and Appendix G
require consideration of primary pressure stress and thermal stresses created by
the thermal transient considered. WRC 175 specifically states that other stresses
such as the residual stress from cladding or attachment welds are not considered

because [3]:

e Peakvalues in a post weld heat treated component are less than 20% of the
yield strength.

e Service stresses and radiation effects both tend to reduce the residual stresses
during the life of the component.

e Conservatisms throughout the whole recommended procedure and the safety

factors applied appear to be ample to cover any incalculable adverse affects.

4, The nozzle outer diameter has a ([

I The coefficient of thermal
expansion for the RPV material {SA 533) is greater than for the nozzle
material (SA508} in the range of reactor operation; therefore, at all temperatures the
hole in the RPV shell expands faster than the nozzle outer diameter ensuring

clearance. [[



GEH Nuclear Energy . NEDO-33178-A

Non-Proprietary Version

J.3.2 Finite Element Analysis

A finite element analysis of a section of vessel wall including the WLI Nozzle was performed
to determine the Mode | stress intensity factor at the tip of a % thickness flaw postulated at
the blend radius of the WLI Nozzle. All FEA were performed using ANSYS Version 9.0 [6]. All
analysis was performed consistent with the GE Hitachi Nuclear Energy (GEH) Nuclear

Quality Assurance program [4].
Geometry

Figures 1 and 2 illustrate the geometry of the WLl Nozzle [5] and 1/4T corner crack

considered for this evaluation. Of note for this design are:

1. The partial penetration configuration,
2. The built up reinforcement on the outside surface of the RPV,

3. The diametral gap between the RPV and the nozzle
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Figure 1: Water Level Instrument Nozzle Geometry
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Figure 2: Schematic of Nozzle Corner Crack Location and Configuration
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Finite Element Model and Mesh

Al 11 model of the geometry was constructed using the Inventor software package then
imported using the IGES file format into ANSYS 9.0 [6]. The resulting geometry file was meshed
using the ANSYS meshing algorithm.

J-9
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Structural Boundary Conditions

The FEM includes a 24-inch x 24-inch square section of the RPV wall. The WLI Nozzle is

centered in this section. The extents. of the model were defined using the following

equation:
L=25VRt (1)
Where, L is the length of the RPV wall included, in
R is the WLI Nozzle mean radius, in
t is the RPV shell thickness, in
Il 1] Ad.equocy of the extent of RPV shell included was

assessed by confirming the far field pressure stresses approached the thin shell theoretical

values of Pr/t and Pr/2t in the hoop and axial directions; respectively.

[l
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1l

Load Cases

Three load cases were considered for this evaluation: Pressure only, [[
1l Each load case is described separately

below.

1. Pressure Loading

Each thermal transient occurs with some corresponding internal pressure. The ASME Code

Appendix G methods utilize Linear Elastic Fracture Mechanics theory and as such take

J-13
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advantage of the principle of superposition of applied loading. Further, since the ASME
Code Appendix G methods require separate safety factors for primary and secondary
loads, these loads must be applied separately. A normal operating pressure case is
considered from which a K, for any applied pressure can be scaled. Applied pressures are

shown in Figure 6 and represent an operating pressure of 1050 psig.

(0

1
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Material Properties

Material properties are taken from the 2002 Edition of the ASME B&PV Code Physical
Properties Table [9]. The RPV is SA533, [[
11 All materials are in IPS {inch, Ib, seconds) units. Tables 2, 3, and 4 list the

material properties used for this evaluation.

Table 2: SA 533 Material Properties

— T ETE e e T s o o

200 285E6 | 0.75E-5 | 5.46E-4 0.114 0.282 | 0.3
300 | 280E6 | 0.77E-5 | 5424 | 0120 | 0282 | 03
400 | 274E6 | 080E-5 | 53564 | 0125 | 0282 | 03
500 | 27.0E6 | 0.83E-5 | 525E-4 | 0131 | 0282 | 03
800 | 239% | 08ES | 486t 0.148 | 0282 | 03

I 1]
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J.4 Results

The following results are presented in this section:

(l

1] Stress Results

Figure 10 illustrates the hoop and axial stress contours from the WLI Nozzle FEM on the
vertical and horizontal planes, respectively. The upper contour plots show the stress
contours for the entire model and ([

1] The lower plots show the stress contours adjacent to the penetration and
clearly illustrate the location of peak stress. Thin shell theory [10] predicts the hoop and

axial stress for this configuration to be:
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A quick check of the contours shown in Figure 10 shows that the [

1

Figures 11 and 12 show contour plots for the ([
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J.4.2 Mode | Stress Intensity Factors

In order to determine the maximum Mode | stress intensity factor, K, for the

postulated flaw and for each transient, K| values are calculated for [[

1] and the SA 533 shell. Although the nozzle forging was modeled
((
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J.4.3 ASME B&PV Code Section XI, Appendix G Evaluation

The T-RTwor for the WLI Nozzle was calculated using both the Kis and Kic correlations
presented in Section X|, Appendix G and Code Case N-640, respectively. The K, values

determined from the [[

1]

Consistent with Appéndix G methods [1] the following safety factors are applied in the

T-RTnot calculation:

* Pressure for Hydrotest: SF=15
e Pressure for all other conditions:  SF=2.0

¢ Secondary loads: SF=1.0

The total Ki used in the T-RTyor calculation is calculated using linear superposition as

described in Appendix G:

KI_Tatal = SFPr essure KI _Pressure + SFThermal KI_Thermal (6)
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Finally, the T-RTnor is given by the following equations for the Kic and Kia correlations,

respectively:
K, ...-332) 1
Kic: T — RTyp; =1In| —= : 7
© wor ( 20734 ) 0.02 )
K -26.8 1
Kia: T — RT,p, = In| —=22 : (8)
° ot ( 12.445 ] 0.0145

Table 7 summarizes the total Mode | stress intensity factors for each condition and

the T-RTnor calculated using both the Ko and Kic correlations.

(

1
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J.5 Conclusions:

For the BWR WLI Nozzle, the appropriate T-RTnor for use in the discontinuity
comparison used for the GEH P-T curve methodology is ([ 11 The appropriate
T-RTnor for development of the Hydrotest, Core Not Critical and Core Critical Curves

are:

1]

As described in the body of the Licensing Topical Report (LTR), GEH uses the T-RTnor
determined using ‘the {[ 1], for the component discontinuity
comparison summarized in LTR Tables 4-4a and 4-4b. If the Instrument Nozzle is
found to exist in the beltline region of the reactor pressure vessel then the T-RTnpr

determined using the [[

11 is used to create a component specific PT curve. The bounding P-T curve

of all beltline components is selected for the plant evaluated.
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ATTACHMENT 1
P-T Curve Report Template

EXAMPLE TEMPLATE OF PLANT-SPECIFIC
PRESSURE-TEMPERATURE LIMITS REPORT
BASED UPON
GE LICENSING TOPICAL REPORT
NEDC-33178P-A

This attachment is not intended to represent any BWR, and is provided only as

an example of the content of a typical P-T curve report.
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P-T Curve Report Template
For Utility/Plant '
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PROPRIETARY INFORMATION NOTICE

This document contains proprietary information of the General Electric Hitachi
Nuclear Energy Americas LLC (GEH) and is furnished in confidence solely for the
purpose(s) stated in the transmittal letter. No other use, direct or indirect, of the
document or the information it contains is authorized. Furnishing this document does
not convey any license, express or implied, to use any patented invention or, except
as specified above, any proprietary information of GEH disclosed herein or any right
to publish or make copies of the document without prior written permission of GEH.

The header of each page in this document carries the notation “GEH Proprietary
Information”. GEH proprietary information is identified by a dashed underline inside
double square brackets. [[This_sentence is_an_example.®]] Figures and large
equation objects are identified with double square brackets before and after the
object. In each case, the superscript notation ¥} refers to Paragraph (30 of the
enclosed affidavit, which provides the basis for the proprietary determination.

Specific information that is not so marked is not GEH proprietary.

IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

The only undertakings of GEH with respect to information in this document are
contained in the contract between Utility and GEH, Contract Title effective Date, as
amended to the date of transmittal of this document, and nothing contained in this
document shall be construed as changing the contract. The use of this information
by anyone other than Utility, or for any purpose other than that for which it is
furnished by GEH, is not authorized; and with respect to any unauthorized use, GEH
makes no representation or warranty, express or implied, and assumes no liability as
to the completeness, accuracy, or usefulness of the information contained in this
document, or that its use may not infringe privately owned rights.

Copyright, GE Hitachi Nuclear Energy, Date
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EXECUTIVE SUMMARY

This report provides the pressure-temperature curves (P-T curves) developed to
present steam dome pressure versus minimum vessel metal temperature
incorporating appropriate non-beltline limits and irradiation embrittlement effects in
the beltline. PLANT is currently licensed to P-T curves for 32 EFPY [1]; the P-T curves in
this report represent both an intermediate and an end-of-license effective full power
years (EFPY). The 1998 Edition of the ASME Boiler and Pressure Vessel Code including
2000 Addenda was used in this evaluation. The P-T curve methodology includes the
following: 1) the use of Kic from Figure A-4200-1 of Appendix A to determine T-RTnor,
and 2) the use of the Mm calculation in the ASME Code paragraph G-2214.1 for a
postulated defect normal to the direction of maximum stress. This report
incorporates a fluence (4] calculated in accordance with the GE Licensing Topical
Report NEDC-32983P, which has been approved by the NRC in a SER [14], and is in
- compliance with Regulatory Guide 1.190. The latest information from the BWRVIP

Integrated Surveillance Program that is applicable to PLANT has been utilized.

The P-T curves presented in this report reflect changes from those currently
licensed [1]. These P-T curves have been generated to incorporate a revised

fluence [4].

CONCLUSIONS

The operating limits for pressure and temperature are required for three categories of
operation: (a) hydrostatic pressure tests and leak tests, referred to as Curve A;
(b) non-nuclear heatup/cooldown and low-level physics tests, referred to as Curve B;

and (c) core critical operation, referred to as Curve C.
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There are four vessel regions that should be monitored against the P-T curve

operating limits; these regions are defined on the thermal cycle diagram [2]:

o Closure flange region (Region A)
e Core beltline region (Region B)
* Upper vessel (Regions A & B)
e Lower vessel (Regions B & C)

For the core not critical and the core critical curves, the P-T curves specify a coolant
heatup and cooldown temperature rate of 100°F/hr or less for which the curves are
applicable. However, the core not critical and the core critical curves were also
developed to bound transients defined on the RPV thermal cycle diagram [2] and the
nozzle thermal cycle diagrams [3]. The bounding transients used to develop the
curves are described in this report. For the hydrostatic pressure and leak test curve, a
coolant heatup and cooldown temperature rate of 20°F/hr or less must be

maintained at all times.

The P-T curves apply for both heatup and cooldown and for both the 1/4T and 3/4T
locations because the maximum tensile stress for either heatup or cooldown is
applied at the 1/4T location. For beltline curves this approach has added
conservatism because irradiation effects cause the allowable toughness, Ky, at 1/4T

to be less than that at 3/4T for a given metal temperature.

Composite P-T curves were generated for each of the Pressure Test, Core Not Critical
and Core Critical conditions at an intermediate and end of license EFPY. The
composite curves were generated by enveloping the most restrictive P-T limits from
the separate bottom head, beltline, upper vessel and closure assembly P-T limits.
Separate P-T curves were developed for the upper vessel, beltline (at an intermediate
and end of license EFPY), and bottom head for the Pressure Test and Core Not Critical

conditions.
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1.0 INTRODUCTION

The pressure-temperature (P-T) curves included in this report have been developed to
present steam dome pressure versus minimum vessel metal temperature
incorporating appropriate non-beltline limits and irradiation embrittlement effects in
the beltline. Complete P-T curves were developed for an intermediate and end of
license effective full power years (EFPY). The P-T curves are provided in Sectidn 50
and a tabulation of the curves is included in Appendix B. This report incorporates a
fluence calculated in accordance with the GE Licensing Topical Report NEDC-32983P,
which has been approved by the NRC in a SER [14], and is in compliance with
Regulatory Guide 1.190. The latest information from the BWRVIP Integrated

Surveillance Program that is applicable to PLANT has been utilized.

The P-T curves presented in this report reflect changes from those currently
licensed [1]. These P-T curves have been generated to incorporate a revised

fluence [4].

The methodology used to generate the P-T curves in this report is presented .in
Section 4.3. The 1998 Edition of the ASME Boiler and Pressure Vessel Code including
2000 Addenda was used in this evaluation. The P-T curve methodology includes the
following: 1) the use of Kic from Figure A-4200-1 of Appendix A to determine T-RTwor,
and 2) the use of the Mm calculation in the ASME Code paragraph G-2214.1 [6] for a
postulated defect normal to the direction of maximum stress. P-T curves are
developed using geometry of the RPV shells and discontinuities, the initial RTypr of the
RPV materials, and the adjusted reference temperature (ART) for the beltline

materials.

The initial RTwor is the reference temperature for the unirradiated material as defined
in Paragraph NB-2331 of Section i of the ASME Boiler and Pressure Vessel Code. The

Charpy energy data used to determine the initial RTnpr values are tabulated from the
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Certified Material Test Report (CMTRs). The data and methodology used to determine

initial RTnor are documented in Section 4.1.

Adjusted Reference Temperature (ART) is the reference temperature when including
irradiation shift and a margin term. Regulatory Guide 1.99, Rev. 2 [7] provides the
methods for calculating ART. The value of ART is a function of RPV 1/4T fluence and
beltline material chemistry. The ART calculation, methodology, and ART tables for an
intermediate and end of license EFPY are included in Section 4.2. Beltline chemistry
values are discussed in Section4.2.1.1. The peak ID fluence values of
7.13e17 n/cmz {intermediate EFPY) and 9.68e17 n/cm? (end of license EFPY) used in
this report are discussed in Section 4.2.1.2.

Comprehensive documentation of the RPV discontinuities that are considered in this
report is included in Appendix A. This appendix also includes a table that documents

which non-beltline discontinuity curves are used to protect each discontinuity.

Guidelines and requirements for operating and temperature monitoring are included
in Appendix C. Temperature monitoring requirements and methods are available in
GE Services Information Letter (SIL) 430 contained in AppendixD. Appendix E
documents components that have a fluence = 1.0e17 n/cmz, thus extending the
beltline region beyond the core, and demonstrates that all components requiring
fracture toughness evaluation are either included in the development of the P-T
curves or are outside the beltline region. Appendix F provides an example calculation
for a beltline curve where a nozzle is the limiting material. Appendix G contains an
evaluation of the vessel wall thickness discontinuities in the beltline and bottom head
regions. Appendix H provides a core-not-critical calculation for the bottom head (CRD
penetration). Appendix | presents guidance for the use of ISP surveillance data, which
has been provided by EPRI. Finally, Appendix J presents a calculation for the

instrumentation nozzles that can be found in the beltline and non-beltline regions.
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2.0 SCOPE OF THE ANALYSIS

A detailed description of the P-T curve bases is included in Section 4.3. The 1998
Edition of the ASME Boiler and Pressure Vessel Code including 2000 Addenda was
used in this evaluation. The P-T curve methodology includes the following: 1) the use
of Kic from Figure A-4200-1 of Appendix A to determine T-RTnor, and 2) the use of the
Mm calculation in the ASME Code paragraph G-2214.1 for a postulated defect normvol
to the direction of maximum stress. Other features presented are: |
e Generation of separate curves for the upper vessel in addition to those
generated for the beltline, and bottom head.
e Comprehensive description of discontinuities used to develop the non-
beltline curves (see Appendix A.
The pressure-temperature (P-T) curves are established to the requirements of
10CFR50, Appendix G [8] to assure that brittle fracture of the reactor vessel is
prevenfed. Part of the analysis involved in developing the P-T curves is to account for
irradiation embrittlement effects in the core region, or beltline. The method used to

account for irradiation embrittlement is described in Regulatory Guide 1.99, Rev. 2 [7].

The beltline region in the PLANT vessel includes a thickness discontinuity between the
lower and lower-intermediate shells. This discontinuity is noted in Appendix A and
evaluated in Appendix G. In addition to beltline considerations, there are non-beltline
discontinuity limits such as nozzles, penetrations, and flongés that influence the
construction of P-T curves. The non-beltline limits are based on generic analyses that
are adjusted to the maximum reference temperature of nil ductility transition (RTnor)
for the applicable plant-specific vessel components. The non-beltline limits are
discussed in Section 4.3 and are also governed by requirements in [8]. In addition,
there are thickness discontinuities in the bottom head, which are also noted in

Appendix A and evaluated in Appendix G.
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Furthermore, curves are included to allow monitoring of the vessel bottom head and
upper vessel regions separate from the beltline region. This refinement could
minimize heating requirements prior to pressure testing. Operating and temperature
monitoring  requirements are found in Appendix C. Temperature monitoring
requirements and methods are available in GE Services Information Letter (SIL) 430
contained in AppendixD. Appendix E documents components that have a
fluence = 1.0e17 n/cm?, thus extending the beltline region beyond the core, and
demonstrates that all components requiring fracture toughness evaluation are either
included in the development of the P-T curves or are outside the beltline region.
Appendix F provides an example calculation for a beltline curve where a nozzle is the
limiting material. Appendix G contains an evaluation of the vessel wall thickness
discontinuities in the beltline and bottom head regions. Appendix H provides a core-
not-critical calculation for the bottom head (CRD penetration). Appendix | presents
guidance for the use of ISP surveillance data, which has been provided by EPRI.
Finally, Appendix J provides a calculation for the instrumentation nozzles that can be

found in the beltline and non-beltline regions.
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3.0 ANALYSIS ASSUMPTIONS

The following assumptions are made for this analysis:

The hydrostatic pressure test will be conducted at a maximum pressure of
1055 psig [13].

The shutdown margin, provided in the Definitions Section of the plant-specific

Technical Specification [13], is calculated for a water temperature of 68°F.
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4.0 ANALYSIS

41 INITIAL REFERENCE TEMPERATURE

4.1.1 Background

The applicable plant-specific ASME Code of Construction is 1968 Edition with Summer
1969 Addenda. Therefore, the methods defined in Section 4.1.1.1 of
NEDC-33178P-A [22] (hereinafter referred to as the Topical Report) are applied.

4.1.2 Values of Initial RTnor and Lowest Service Temperature (LST)

To establish the initial RTor temperatures for the plant-specific vessel per the current
requirements, calculations were performed in accordance with the GE method for

determining RTnot as described in Section 4.1 of the Topical Report.

All of the available reported Charpy data for the plant-specific closure studs met the
45 ft-Ib requirements at 10°F. However, MLE data was not reported and information
for all stud materials was not available. Therefore, the limiting LST for the bolting
material is 70°F. The highest RTnor in the closure flange region is 12°F, for the upper
shell. Thus, the higher of the LST and the RTnor +60°F is 72°F, the bolt-up limit in the

closure flange region.

The initial RTnor values for the plant-specific reactor vessel (refer to Figure 4-1 for the
plant-specific schematic) materials are listed in Table 4-1. This tabulation includes
beltline, closure flange, feedwater nozzle, and bottom head materials that are
considered in generating the P-T curves. The values presented in these tables and
used to determine the initial RTnor were obtained from the plant-specific vessel
CMTRs [12].
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Notes: (1] Refer to Tables 4-1, 4-2, 4-3 and 4-4 for reactor vessel components and their heat identifications.

(2) See Appendix E for the definition of the beltline region.

Figure 4-1: Schematic of the Plant-Specific RPV Showing Arrangement of
Vessel Plates and Welds
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Table 4-1a: RTnor Values for PLANT Plate and Flange Materials

Test | o rpy E (Teor-50) V\lrJ iy r:“ AT
arpy energy 50 elg NDT
Component Heat T(e;l)p (ft-Ib) F) NDT F)
(f)
'Top Head & Flange
Shell Flange
10 85 ] 80 | 90 -20 10 10
Top Head Flange
10 100] 111 ] 101 -20 10 10
Top Head Dollar
10 70 | 86 | 70 -20 -10 -10
Top Head Lower Torus Plates
10 80 91| 92 -20 -10 -10
10 85 ] 96 | 88 -20 -10 -10
Top Head Upper Torus Plates
10 102] 85 ] 100 -20 -10 -10
|Shell Courses
Upper Shell Plates
40 62 ] 60| 56 10 -10 10
40 61 ] 49| 55 12 -10 12
10 55 | 63 | 53 -20 -10 -10
40 70 75 ] 88 10 -10 10
Upper Intermediate Plates
10 70] 62 | 686 -20 -10 -10
10 57 ] 45| 52 -10 -10 -10
10 44 ] 55 | 58 -8 -10 -8
Lower-Intermediate Plates
10 61 ] 45| 58 -10 -20 -10
10 65| 64 | 54 -20 -20 -20
10 48 | 49 | 63 -16 -30 -16
10 46 | 65 | 60 -12 -30 -12
Lower Shell Plates
10 601 75| 74 -20 -10 -10
10 80 79| 92 -20 -10 -10
10 57 ] 66 | 68 -20 -10 -10
Bottom Head
Bottom Head Dollar
10 41 | 48 | 52 -2 -10 -2
Bottom Head Upper Torus Plates
-40 55161} 55 -70 -10 -10
-40 66 ] 64§ 54 -70 -10 -10
Bottom Head Lower Torus Plates
10 57 {70 | 80 -20 -10 -10
10 71170 72 -20 -10 -10
40 40 | 48 | 42 30 10 30

NOTE: These are minimum Charpy values.
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Table 4-1b: RTnor Values for PLANT Nozzle Materials

Drop
Heat Test .
Component or Temp Charz)ﬂy_lir)lergy (TT;)GO) W;BQTM H(Tq;')ﬂ
Heat / Flux/ Lot (&3] )
Recirculation Qutlet Nozzie
10 70 92 59 -20 -20 -20
10 90.0 89 80 -20 -30 -20
Recirculation Inlet Nozzle
10 51 45 38 4 0 4
10 33 32 40 16 -10 16
10 67 32 37 16 20 20
10 43 36 55 8 -30 8
10 48 40 45 0 -30 0
10 55 28 39 24 -40 24
10 50 32 48 16 20 20
10 47 66 54 -14 10 10
10 75 46 85 -12 10 10
10 47 58 85 -14 40 40
Steam Outlet Nozzle
10 60 36 80 8 10 10
10 70 70 36 8 0 8
10 40 35 32 16 10 16
10 55 32 44 16 10 16
Feedwater Nozzle
10 80 90 57 -20 0 o]
10 60 55 50 -20 0 0
10 60 55 76 -20 -30 -20
10 60 42 66 -4 -10 -4
10 38 55 51 4 0 4
10 41 44 34 12 -10 12
Core Spray Nozzle
10 66 52 85 -20 -10 -10
10 65 80 82 -20 -10 -10
Instrumentation Nozzle
10 54 60 70 -20 10 10
10 54 59 72 -20 10 10
Top Head Vent Nozzle
10 90 90 88 -20 10 10
Jet Pump Nozzle
10 80 101 105 -20 -20 -20
10 82 105 105 -20 -20 -20
CRD HYD Return Nozzle
10 44 40 45 0 10 10
Core AP Nozzle Alloy 500
2)
Replacement Instrument Nozzles
10 38 42 30 20 40 40
10 230 230 247 -20 40 40
High Pressure Leak Detector Nozzle
10 (1)
Drain Nozzle ’
10 40 25 33 30 40 40
CRD Stub Tubes
Alloy 800 (2)

(1) information for this heat is not available; the purchase specification requirements are used for evaluation of this component.
(2) Alloy 600 components do not require fracture toughness evaluation; see Appendix A for additional information.

NOTE: These are minimum Charpy values.
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Table 4-1c: RTnor Values for PLANT Weld Materials

Drop
Component H:: ' -;ﬁtp Charpy Energy (Ts50r-60) Weight RTnor
Heat / Flux / Lot (°F) (ft-ib) (F) NDT )
163
IBemine - Axial
Lower Shell
10 70 75 82 -50 - -50
_ 10 60 47 61 -44 - -44
Lower-Intermediate Shell
10 80 90 87 -50 - -50
10 99 105 107 -50 - -50
Upper-Intermediate Shell
10 80 47 62 -44 - -44
10 109 110 1 -50 - -50
10 153 130 135 -50 - -50
Upper Shell
10 54 60 57 |. -50 - -50
10 65 70 60 -50 - -50
Bottom Head Upper Torus Meridional Welds
10 111 110 113 -50 - -50
Bottom Head Lower Torus Meridional Welds ’
10 120 108 119 -50 - -50
10 111 110 112 -50 - -50
Top Head Upper Torus Meridional Welds
10 130 165 150 -50 - -50
Top Head Lower Torus Meridional Welds
10 167 142 154 -50 - -50
10 109 105 112 -50 - -50
10 130 168 151 -50 - -50
[Ron-Beltine - GIrth
Top Head Assembly
10 111 105 111 -50 - -50
10 57 30 51 -10 - -10
Shell Flange to Upper Shell
10 51 72 70 -50 - -50
Upper Shell to Upper-Intermediate Shell
10 80 85 91 . -50 - -50
Upper-Intermediate Sheli to Lower-Intermediate
Shell
10 77 65 83 -50 - -50
10 40 47 48 -30 - -30
Lower Shell to Bottom Head
10 57 30 51 -10 - -10
10 311 108 105 -50 - -50
Bottom Head Assembly
10 101 105 103 -50 - -50
Support Skirt to Bottom Head :
10 63 57 59 -50 - -50

Note: These are minimum Charpy values.
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Table 4-1d: RTnor Values for PLANT Appurtenance and Bolting Materials

Tost (T ) Drop RT,
Charpy Energy | (Tsor-60) | Weight NDT
Component Heat 'I'(eur'?)p (ft-1b) ) NDT (F)
(F
LES Appuntenances:
Support Skirt Forging
10 75 1 85 | 102 -20 30 30
Shroud Support Alloy 600
{a
Stabilizer Brackets
40 5749} 52 12 10 12
10 551451 50 -10 -30 -10
Guide Rod Brackets
Stainless Steel (1)
Steamn Dryer Support Lugs
Stainless Steel 1)
Steam Dryer Hold Down Brackets
10 J121}125] 108 -20 - -20
10 82 | 65| 60 -20 - -20
Core Spray Brackets
Stainless Steel 1)
Basin Seal Skirt
10(2)
10 (2)
Surveillance Specimen Brackets
Stainless Steel )
Stainless Steel (1)
Feedwater Sparger Brackets )
Stainless Steel (1)
Top Head Lifting Lugs
40 (2)
Test Min Lat
Component Heat Temp Charz{ll!i)?ergy Exp ti.;-
(°F) (mils)
[Closure Studs
10 50 | 50 | 80 - 70
10 52 | 54 | 52 - 70
(3) 10 - - - - 70
Closure Nuts
10 57 { 59 ] 53 - 70
(3) 10 - - - - 70

(1) Information for this heat is not available; the purchase specification requirements are used for evaluation of this component.
(2) Alloy 800 and Stainless Steel components do not require fracture toughness evaluation; see Appendix A for additional information
(3) Information for this component is not available; ASME Code requirements are applied as defined in Section 4.1.2 of this repont.

NOTE: These are minimum Charpy values.

Attachment 1 - 21



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

4.2 ADJUSTED REFERENCE TEMPERATURE FOR BELTLINE

An evaluation of ART for all beltline plates and welds was performed using the
methods described in Section 4.2 of the Topical Report, and is summarized in

Tables 4-2a and 4-2b for an intermediate and end of license EFPY, respectively.

4.2.1 Regulatory Guide 1.99, Revision 2 (RG1.99) Methods

4211 Chemistry

The vessel beltline chemistries were obtained from [13] and are consistent with all
known available sources of data for the beltline materials, including the Certified
Material Test Reports (CMTR) [12], and the currently licensed P-T curve report [1].
Chemistries for the surveillance materials evaluated in Table 4-2 were obtained from

the Integrated Surveillance Program (ISP} [13].

For a weld heat that occurs in the ISP and the plant-specific vessel, both the plant-
specific chemistry and the chemistry from the ISP are presented. This heat is the
surveillance weld material as defined by the ISP; chemistry and adjusted CF
information defined by this program were provided by [13]. For this material, an
adjusted CF used in calculating the adjusted reference temperature for an
intermediate and end of license EFPY was obtained by multiplying the ISP least-
squares fit CF developed in accordance with RG1.99 as defined by BWRVIP-102 [5] by
the ratio of the RG1.99 CF for the vessel weld chemistry to the RG1.99 CF for the ISP
surveillance chemistry. This results in an adjusted CF of:  326.96 e (224 / 206.6) =
354.5.

4212 Fluence

The peak fluence for the RPV inner surface, used for determination of the P-T curves,
is 9.68e17 n/cm2 for the end of license EFPY. For the intermediate EFPY, the peak

fluence for the RPV inner surface is 7.13e17 n/cm2. The basis for all fluence values
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used in this report is contained in [4]. Calculations for 1/4T fluence are performed in

accordance with RG1.99 [7] as specified in Section 4.2.1.3 of the Topical Report.

The peak fluence for the elevation of the girth weld between the lower and lower-
intermediate shell plates is also provided in [4]. This fluence is dpplied to the girth
. weld and all plates and welds in the lower shell. Axial fluence distribution factors of
0.64 and 0.65 are applied for the end of license and intermediate EFPY fluences,
respectively. The slight difference is due to the amount of time that PLANT will

operate at the EPU power level.

4.2.2 Limiting Beltline Material

Tables 4-2a and 4-2b list values of beltline ART for an intermediate and end of

license EFPY, respectively.

Surveillance capsule material data is available from the Integrated Surveillance
Program (ISP) to represent the plant-specific vessel. These materials are included in
the ART calculations provided in Table 4-2, and in the determination of the limiting
material that is represented in the beltline P-T curves. All methods are defined in

Section 4.2 of the Topical Report.
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Table 4-2a: Plant-Specific Beltline ART Values (Infermediote EFPY)

Lower-Intermediate Shell Plates and Axial Welds
Thickness in inches= 6.125 End of License EFPY Peak |.D. fluence = 7.50E+17 n/ecm*2
Intermediate EFPY Peak |.D. fluence = 5.63E+17 nfcm*2
Intermediate EFPY Peak 1/4T tluence = 3.90E+17 niemA2

Lower Shell Plates and Axial Welds & Lower to Lower-Intermediate Girth Weld

Thickness tn Inches= 7.126 End of License EFPY Peak |.D. fluence = 4.88E+17 nfcmr2
Axlal Distributlon Factor at Elevation Intermediate EFPY Peak |.D. fluence = 3.66E+17 n/cm*2
of Gith Weld=  0.65 Intermediate EFPY Peak 1/4T fluence = 2.38E+17 nfcmh2
Intermediate Intermedi termediate
HEAT Adjusted] Initial 14T EFPY EFPY EFPY
COMPONENT ORHEAT/LOT | %Cu %Ni CF ] CF (1) RATndt] Fluence A RTndt oy Gy Margin Shift ART
°F n/cmA2 °F °F °F °F
PLATES:
Lower Shell 0.08 0.62 51 -10 2.38E+17 10 0 5 10 20 10
Lower-Intermediate Shell 0.12 | 0.61 83 -12 | 8.80E+17 21 0 1 21 42 30
WELDS:
t ower Shell Axial 0.26 087 | 224 -44 2.38E+17 43 0 21 43 886 42
Lower-Intermediate Shell Axial 032 | 050 | 1885 -50 | 3.80E+17 48 0 24 48 96 46
Lower to Lower-Intermediate Girth 023 | 1.00 | 238 -50 | 2.38E+17 45 o] 23 45 90 40
INTEGRATED SURVEILLANCE
PROGRAM (2):
) Plate (3) 0.12 0.69 84 -12 3.90E+17 21 0 1 21 43 31
H Weld (4) 0.21 0.86 | 207 354 -44 2.38E+17 68 o] 28 28 96 52

' (1) Adjusted CF calculated per RGt.99 Position 2.1 as shown in Section 4.2.1.1 of this repon.

h (2) Procedures defined in BWRVIP-102 are applied to determine the ART considering the Integrated Surveillance Program.
(3) The ISP plate is not the identical heat and is presented using the ISP chemistry and CF and applied to the limiting plant-specific plate.
(4) The ISP weld is the identical heat and is presented using the ISP chemistry and adjusted CF with the vessel weld Initial RTypr and fluence. o, is pri d as calculated, but is muktiplied by 0.5 for the
Margin calculation as defined in RG1.99, Posttion 2.1.

‘ Attachment 1 -24




GEH Nuclear Energy

Non-Proprietary Version

NEDO-33178-A

Table 4-2b: Plant-Specific Beltline ART Values (End of License EFPY)

Lower-Intermediate Shell Plates and Axial Welds

Thickness in inches= 6.125 End of License EFPY Peak I.D. fluence = 9.68E+17 nemh2

Intermediate EFPY Peak I.D. fluence = 6.70E+17 ncm*2

Intermediate EFPY Peak 1/4T fluence = 6.70E+17 nfcm*2

Lower Shell Plates and Axial Welds & Lower to Lower-Intermediate Girth Weld

Thickness in inches= 7.125 End of License EFPY Peak I.D. fluence = 6.23E+17 nem*2

Axial Distribution Factor at Elevation Intermediate EFPY Peak I.D. fluence = 4.07E+17 em*2

of Gith Weld =  0.64 Intermediate EFPY Peak 1/4T fluence = 4.07E+17 nemr2

HEAT End of License| End of License JEnd of License
OR Adjusted] Initial 14T EFPY EFPY EFPY
COMPONENT HEAT/ | %Cu | %Ni | CF | CF(1) | RTndt| Fluence | A RTndt o | oa | Marmgin Shift ART
LOT F n/cmA2 F °F F F
PLATES:
Lower Shell 0.08 0.62 51 -10 4.07E+17 13 0 7 13 27 17
Lower-intermediate Shell 0.12 | 0.61 83 -12 | 6.70E+17 28 0 14 28 57 45
WELDS:
Lower Shell Axial 026 | 087 | 224 -44 | 4.07E+17 59 0 28 56 115 7
Lower-Intermediate Shell Axial 032 | 0.50 | 1885 -50 | 6.70E+17 64 0 28 56 120 70
Lower to Lower-Intermediate Girth 023 | 100 | 238 50 | 4.07E+17 62 0 28 56 118 68
INTEGRATED SURVEILLANCE
PROGRAM (2):
Plate (3) 012 § 0869 | 84 -12 | 6.70E+17 29 0 14 29 57 45
Weld (4) 0.21 1086 | 207 354 -44 | 4.07E+17 93 0 28 28 121 77
{1) Adjusted CF calculated per RG1.99 Position 2.1 as shown in Section 4.2.1.1 of this report.
{2) Procedures defined in BWRVIP-102 are applied to determine the ART idering the | d Sur Program,

{3) The ISP plate Is not the Identical heat and Is presented using the ISP chemistry and CF and applied to the limiting plant-speclfic plate.

{4) The ISP weld is the identical heat and is presented using the ISP chemistry and adjusted CF with the vessel weld Initial RT,r and fluence. o, is presented as calculated, but is multiplied by 0.5 for

the Margin calculation as defined in RG1.99, Position 2.1.
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4.3 | PRESSURE-TEMPERATURE CURVE METHODOLOGY

4.3.1 Background

Methods used to develop the P-T curves are described in Section 4.3 of the Topical
Report (NEDC-33178P-A) [22].

The core not critical and the core critical curves were also developed to bound
transients defined on the RPV thermal cycle diagram [2] and the nozzle thermal cycle

diagrams [3].

4.3.2 P-T Curve Methodology

4321 Non-Beltline Regions

An evaluation was performed for the bottom head wall thickness transition
discontinuity located between the bottom head lower torus and upper torus.
Appendix G of this report contains a detailed description of this evaluation. It was
concluded that the discontinuity is bounded by the bottom head P-T curve developed

in the following séctions, and no further adjustment was required.
43211 Pressure Test - Non-Beltline, Curve A (Using Bottom Head])

The highest RTnor for the bottom head plates and welds is 30°F, as shown in
Tables 4-1a and 4-1c. |l
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The plant-specific bottom head dimensions are R = 127.38 inches and t =7.38 inches

minimum [19], resulting in:
Plant-Specific: R/(t)¥2 = 127.38/(7.38)2 =47 inchV/2 (4-3)

Since the generic value of R/t)Y2 = 49 inchV2 [22] is larger, the generic P-T curve is

conservative when applied to the plant-specific bottom head.

4.321.2 Core Not Critical Heatup/Cooldown - Non-Beltline Curve B (Using
Bottom Head)

The highest RTnor for the bottom head plates and welds is 30°F, as shown in
Tables 4-1a and 4-1c. ([

1]
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4.321.3 Pressure Test - Non-Beltline Curve A (Using Feedwater Nozzle/Upper

Vessel Region)

The highest RTnpr for the feedwater nozzle materials is 12°F as shown in Table 4-1b.
However, the RTnor was increased to 25°F to consider the stresses in the bottom
head/CRD together with the initial RTnor as described below. The generic pressure test
P-T curve is applied to the plant-specific feedwater nozzle curve by shifting the

P vs. (T - RTnor) values above to reflect the RTnpr value of 25°F.

(l

N
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Second, the P-T curve is dependent on the K value calculated. The plant-specific
vessel shell and nozzle dimensions applicable to the feedwater nozzle location [19] and
Ki are shown below:

Vessel Radius to base metal, Ry 127 inches

Vessel Thickness, ty 6.69 inches
Vessel Pressure, Py 1563 psig

Pressure stress: ¢ = PR/t = 1563 psig - 127 inches / (6.69 inches) = 29,671 psi. The
dead weight and thermal RFE stress of 2.967 ksi is conservatively added yielding
o =32.64 ksi. The factor F (a/ry) from Figure A5-1 of WRC-175 is determined where:

a= Ya(th2+ t, 212 =2.31 inches
tn = thickness of nozzle = 6.38 inches
ty = thickness of vessel = 6.69 inches
r» = apparent radius of nozzle =1+ 0.29rc=7.29 inches
r = actual inner radius of nozzle =6.13 inches
rc = nozzle radius (nozzle cornerradius) = 4.0 inches

Thus, a/rn = 231 / 7.29 = 0.32. The value Fla/ra), taken from Figure A5-1 of WRC
Bulletin 175 for an a/rn of 0.32, is 1.5. Including the safety factor of 1.5, the stress

intensity factor, K, is 1.5 o (ma) Y2 - F (a/rn):

Nominal K= 1.5-32.64 - (x- 2.31)¥2- 1.5=197.9 ksi-inl2
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4.3.2.1.4 Core Not Critical Heatup/Cooldown - Non-Beltline Curve B (Using

Feedwater Nozzle/Upper Vessel Region)

The highest plant-specific non-beltline RTnor for the feedwater nozzle is 12°F as shown
in Table 4-1b. However, the RTnpr was increased to 25°F to consider the stresses in the
bottom head/CRD as previously discussed. The generic curve is applied to the PLANT
upper vessel by shifting the P vs. (T - RTnpt) values above to reflect the RTyor value of
25°F as discussed in Section 4.3.2.1.3.

4.3.2.2 CORE BELTLINE REGION

An evaluation was performed for the vessel wall thickness transition discontinuity
located between the lower and lower-intermediate shells in the beltline region.
Appendix G of this report contains a detailed description of this evaluation. It was
concluded that the discontinuity is bounded by the beltline P-T curve developed in the

following sections, and no further adjustment was required.

4.32.21 Beltline Region - Pressure Test

The methodol'logy for determining the beltline region pressure test P-T curve is defined
in Section 4.3.2.2.1 of the Topical Report [22].

4.322.2 Calculations for the Beltline Region - Pressure Test

This sample calculation, following the methods defined in the Topical Report, is for a
pressure test pressure of 1055 psig at the end of license EFPY. The following inputs

were used in the beltline limit calculation:
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Adjusted RTnot = Initial RTnor + Shift

A= -44+121=77°F
(Based on ART values in Table 4-2b)

Vessel Height

H =2861.6 inches

Bottom of Active Fuel Height

B =216.3 inches

Vessel Radius (to base metal)

R =127 inches

Minimum Vessel Thickness (without clad) t=6.125 inches

Pressure is calculated to include hydrostatic pressure for a full vessel:

P = 1055 psi + (H - B) 0.0361 psi/inch = P psig (4-10)
= 1055 +(861.6 - 216.3) 0.0361 = 1078 psig

Pressure stress:

o = PR/t
1.078-127/6.125 = 22.35 ksi

The wvalue of M, for an

(4-11)

inside axial postulated surface flaw from

Paragraph G-2214.1[6) was based on a thickness of 6.125 inches (the minimum

thickness without cladding); hence, t¥2 = 2.47. The resulting value obtained was:

Mm = 1.85 for +/t <2

Mm =0.926

Vt for 2<~/t <3.464 = 2.29

Mm = 3.21 for 4/t >3.464

Equation 4-9 can be rearranged, and 1.5 Kim substituted for Ky, to solve for (T - RTnor).
Using the Kic equation of Paragraph A-4200 in ASME Appendix A [17), Kim = 51.2, and
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Ki= 2.39 for a 20°F/hr coolant heatup/cooldown rate with a vessel thickness, t, that

includes cladding:

{T - RTnoT) = In[{1.5 - Kim + Kit - 33.2) / 20.734] / 0.02 (4-12)
= In[(1.5-51.2+ 2.39 - 33.2)/ 20.734] / 0.02
= 39.8°F

T can be calculated by adding the adjusted RTnor:

T=398+77=116.8°F for P = 1055 psig at the end of license EFPY

43223 Beltline Region - Core Not Critical Heatup/Cooldown

The methodology for determining the beltline region core not critical heatup/cooldown
P-T curve is defined in Section 4.3.2.2.3 of the Topical Report.

4.3.2.2.4 Calculations for the Beltline Region Core Not Critical
Heatup/Cooldown

This plant-specific sample calculation is for a pressure of 1055 psig for the end of
license EFPY and follows the methodology described in Section 4.3.2.2.4 of the Topical
Report.

Coolant heatup/cooldown rate, normally 100°F/hr G =100 °F/hr

Minimum vessel thickness, including clad thickness C=0.5365ft
(6.125" + 0.3125" = 6.4375")
Thermal diffusivity at 550°F {most conservative value) | B = 0.354 ft2/ hr [21]

Equation 4-15 can be solved for the through-wall temperature {x = C), resulting in the

absolute value of AT for heatup or cooldown of:
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AT = GC2/ 2B (4-16)
=100-(0.5365)2/ (2 - 0.354) = 41°F

The corresponding value of M; (=0.2942) can be interpolated from ASME Appendix G,
Figure G-2214-2 [6]. Thus the thermal stress intensity factor, Kit = Mt - AT = 11.96, can

be calculated.

The pressure and thermal stress terms are substituted into Equation 4-9 to solve for
(T - RTnot)k

(T - RTnor) = In[((2 - Kim + Ki) - 33.2) / 20.734] / 0.02 (4-17)
= In[(2-51.2+ 11.96 - 33.2)/ 20.734] / 0.02
= 08.2°F

‘T can be calculated by adding the adjusted RTor:

T=68.2+77=1452°F forP= 1055 psig at the end of license EFPY

4.3.2.3 CLOSURE FLANGE REGION

As shown in Tables 4-1a, 4-1b, and 4-1c, the limiting initial RTnor for the closure flange
region is represented by Shell #4 at 12°F, and the LST of the closure studs is 70°F;

therefore, the bolt-up temperature value used is the more conservative value of 72°F.

The shutdown margin, provided in the plant-specific Technical Specification, is
calculated for a water temperature of 68°F. The 72°F limit for the upper vessel and
beltline region and the 68°F limit for the bottom head curve apply when the head is on

and tensioned and when the head is off while fuel is in the vessel.
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4.3.2.4 CORE CRITICAL OPERATION REQUIREMENTS OF 10CFR50,
APPENDIX G

Using the methods described in Section 4.3.2.4 of the Topical Report [22], this
requirement makes the minimum criticality temperature 72°F, based on an RTnor of
12°F. In addition, above 312 psig the Curve C temperature must be at least the greater
of RTnor of the closure region + 160°F or the temperature required for the hydrostatic
pressure test (Curve A at 1055 psig). The requirement of closure region RTnot + 160°F

causes a temperature shift in Curve C at 312 psig.
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5;0 CONCLUSIONS AND RECOMMENDATIONS

The following P-T curves were generated:

Composite P-T curves were generated for each of the Pressure Test and Core Not
Critical conditions at an intermediate and end of license effective full power
years (EFPY). The composite curves were generated by enveloping the most
restrictive P-T limits from the separate beltline, upper vessel and closure assembly
P-T limits. A separate Bottom Head Limits (CRD Nozzle) curve is also individually
included with the composite curve for the Pressure Test and Core Not Critical
condition.

Separate P-T curves were developed for the upper vessel, beltline (at and
intermediate and end of license EFPY), and bottom head for the Pressure Test and
Core Not Critical conditions.

A composite P-T curve was also generated for the Core Critical condition at an
intermediate and end of license EFPY. The composite curves were generated by
enveloping the most restrictive P-T limits from the separate beltline, upper vessel,

bottom head, and closure assembly P-T limits.

Using the fluence from Section 4.2.1.2, the P-T curves are beltline limited above

900 psig for Curve A and above 820 psig for Curve B for the intermediate EFPY. The

end of license EFPY P-T curves are beltline limited above 840 psig for Curve A and

upper vessel limited between 820 and 890 psig and beltline limited above 890 psig for

Curve B.

Table 5-1 shows the figure numbers for each P-T curve. A tabulation of the curves is

presented in Appendix B.
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Table 5-1: Composite and Individual Curves Used To Construct Composite

P-T Curves
Figure Table Numbers
Curve Curve Description Numbers for | for Presentation
Presentation of the P-T
of the P-T Curves
Curves
A Bottom Head Limits (CRD Nozzle) Figure 5-1 Tables B-1 &B-3
A Upper Vessel Limits (FW Nozzle) Figure 5-2 Tables B-1 &B-3
A Beltline Limits - Intermediate EFPY Figure 5-3 Table B-1
A Beltline Limits - End of License EFPY Figure 5-4 Table B-3
Bottom Head and Composite Curve A - .
A Intermediate EFPY* Figure 5-5 Table B-2
Bottom Head and Composite Curve A - ,
A End of License EFPY* Figure 5-6 Table B-4
B Bottom Head Limits (CRD Nozzle) Figure 5-7 Tables B-1 &B-3
B Upper Vessel Limits (FW Nozzle) Figure 5-8 Tables B-1 & B-3
B Beltline Limits - intermediate EFPY Figure 5-9 Table B-1
B Beltline Limits - End of License EFPY Figure 5-10 Table B-3
Bottom Head and Composite Curve B - .
B Intermediate EFPY* Figure 5-11 Table B-2
Bottom Head and Composite Curve B - ,
B End of License EFPY* Figure 5-12 Table B-4
C Composite Curve C - Intermediate EFPY** Figure 5-13 Table B-2
C Composite Curve C - End of License EFPY** Figure 5-14 Table B-4

* The Composite Curve A & B curve is the more limiting of three limits: 10CFR50 Bolt-up
Limits, Upper Vessel Limits (FW Nozzle), and Beltline Limits. A separate Bottom Head Limits
(CRD Nozzle) curve is individually included on this figure.

** The Composite Curve C curve is the more limiting of four limits: 10CFR50 Bolt-up Limits,
Bottom Head Limits (CRD Nozzle), Upper Vessel Limits (FW Nozzle), and Beltline Limits.

*** The Limiting curves are the more limiting of four limits: 10CFR50 Bolt-up Limits, Bottom
Head Limits (CRD Nozzle), Upper Vessel Limits (FW Nozzle), and Beltline Limits.
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Figure 5-1: Bottom Head P-T Curve for Pressure Test [Curve A]

[20°F/hr or less coolant heatup/cooldown]
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Figure 5-2: Upper Vessel P-T Curve for Pressure Test [Curve Al

[20°F/hr or less coolant heatup/cooldown]
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Figure 5-3: Beltline P-T Curve for Pressure Test [Curve A] up to Intermediate EFPY

[20°F/hr or less coolant heatup/cooldown]
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Figure 5-4: Beltline P-T Curve for Pressure Test [Curve A] up to End of License EFPY

[20°F/hr or less coolant heatup/cooldown]
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Figure 5-5: Composite Pressure Test P-T Curves [Curve A] up to Intermediate EFPY

[20°F/hr or less coolant heatup/cooldown)

Attachment 1 -41



GEH Nuclear Energy - NEDO-33178-A

Non-Proprietary 'Version

1400

1300 H /
/ INITIAL RTndt VALUES ARE
1200 ; -44°F FOR BELTLINE,
: 25°F FOR UPPER VESSEL,
1100 i AND
5 F 30°F FOR BOTTOM HEAD
g :'l }
g 1000 BELTLINE CURVES
o ;! ADJUSTED AS SHOWN:
> EFPY SHIFT (°F)
g 900 End of License 121
| :"
] ;
& 800 :
wl .
> :
g 700 :
5 HEATUP/COOLDOWN
= i RATE OF COOLANT
T 500 : < 20°F/HR
£ :
E i
= H
S 500 BOTTOM :
E HEAD ;
=) 68°F E
B 400 :
w i
o :
e i
300 ;
; FLANGE —— UPPER VESSEL
200 : ~ REGION AND BELTLINE
: 72°% LIMITS
: T 71 | | |- BOTTOM HEAD
100 : CURVE
0 H

0 25 50 75 100 125 150 175 200

MINIMUM REACTOR VESSEL METAL TEMPERATURE
(F)

Figure 5-6: Composite Pressure Test P-T Curves [Curve A] up to End of License EFPY

[20°F/hr or less coolant heatup/cooldown]
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Figure 5-7: Bottom Head P-T Curve for Core Not Critical [Curve B]

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-8: Upper Vessel P-T Curve for Core Not Critical [Curve B]

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-9: Beltline P-T Curve for Core Not Critical [Curve B] up to Intermediate EFPY

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-10: Beltline P-T Curve for Core Not Critical [Curve B] up to End of License EFPY

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-11: Composite Core Not Critical P-T Curves [Curve B] up to Intermediate EFPY

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-12: Composite Core Not Critical P-T Curves [Curve B] up to End of License EFPY

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-13: Composite Core Critical P-T Curves [Curve C] up to Intermediate EFPY

[100°F/hr or less coolant heatup/cooldown]
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Figure 5-14: Composite Core Critical P-T Curves [Curve C] up to End of License EFPY

[100°F/hr or less coolant heatup/cooldown)
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Table A-2 - Geometric Discontinuities Not Requiring Fracture Toughness Evaluations

Per ASME Code Appendix G, Section G2223 (c), fracture toughness analysis to demonstrate
protection against non-ductile failure is not required for portions of nozzles and
appurtenances having a thickness of 2.5” or less provided the lowest service temperature is
not lower than RTnor plus 60°F. Inconel (or Alloy 600) and stainless steel discontinuities
require no fracture toughness evaluations.

Nozzle or Appurtenance’ Material Reference Remarks
High Pressure Seal Leak Detector Nozzles less than 2.5" require no
Nozzle (attached to Shell Flange) | sa 106 Gr B fracture toughness evaluation.
Core AP and Liquid Control Nozzle Nozzles made from Inconel
(See Table A-1 for Penetration in require no fracture toughness
the Bottom Head Dollar Plate) Inconel evaluation.
Nozzles less than 2.5" in thickness
Non-beltline Instrumentation require no fracture toughness
Nozzles SA508CL1 evaluation.
Drain Nozzle (see Table A-1 for Nozzles less than 2.5” in thickness
Penetration in the Bottom Head require no fracture toughness
Dollar Plate) SA508CL1 evaluation.
Components made from Inconel
SB-166 require no fracture toughness
Shroud Support Inconel evaluation.
Not a pressure boundary
component; therefore requires no
Basin Seal Skirt SA515GR70 fracture toughness evaluation.
Not a pressure boundary
A 36 Carbon component; therefore requires no
Thermocouple Pad Steel fracture toughness evaluation.
Components made from Alloy 600
CRD Stub Tubes (in Bottom Head SB-167 and less than 2.5" require no
Dollar Plate and Lower Torus) Alloy 600 fracture toughness evaluation.
Appurtenances made from
SA351 Gr Stainless Steel require no fracture
Surveillance Brackets CF8M toughness evaluation. .
Appurtenances made from
SA351 Gr Stainless Steel require no fracture
Core Spray Brackets CF8M toughness evaluation.
Appurtenances made from
SA351 Gr Stainless Steel require no fracture
Feedwater Sparger Brackets CF8M toughness evaluation.
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Table A-2 - Geometric Discontinuities Not Requiring Fracture Toughness Evaluations, Continued

Nozzle or Appurtenance Material Reference Remarks
Appurtenances made from
SA351 Gr Stainless Steel require no fracture
Steam Dryer Support Lug CF8M toughness evaluation.
Appurtenances made from
SA351 Gr Stainless Steel require no fracture
Guide Rod Bracket CF8M toughness evaluation
Loading only occurs during
outages. Not a pressure
boundary component; therefore
SA533GrB requires no fracture toughness
Top Head Lifting Lugs CL1 evaluation.
Not a pressure boundary
SA533GrB component; therefore requires no
Steam Dryer Hold Down Bracket CL1 fracture toughness evaluation.
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APPENDIX A REFERENCES:

1. Plant-Specific Vessel Drawings.
2. Plant-Specific Design Input.

3. Plant-Specific Fluence Calculation (GE Proprietary) or other approved Fluence

Calculation.

4. Plant-Specific Component Drawings.
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PRESSURE TEMPERATURE CURVE DATA TABULATION
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TABLE B-1. PLANT P-T Curve Values for intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3,5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER

HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE

PRESSURE  CURVEA  CURVEA  CURVEA CURVEB  CURVEB  CURVEB
(PSIG) (°F) {°F) (°F) (°F) (°F) (°F)

0 680 72.0 72.0 68.0 72.0 72.0
10 68.0 72.0 72.0 68.0 72.0 72.0
20 68.0 72.0 72.0 68.0 72.0 720
30 68.0 72.0 72.0 68.0 720 72.0
40 68.0 72.0 72.0 68.0 72.0 720
50 68.0 72.0 72.0 68.0 72.0 72.0
60 68.0 72.0 72.0 68.0 72.0 72.0
70 68.0 72.0 72.0 68.0 72.0 720
80 68.0 720 72.0 68.0 72.0 720
90 68.0 72.0 72.0 680 720 72.0
100 68.0 720 72.0 68.0 72.0 72.0
110 68.0 720 72.0 68.0 72.0 72.0
120 68.0 72.0 72.0 68.0 72.0 72.0
130 68.0 72.0 72.0 68.0 72.0 72.0
140 68.0 72.0 72.0 68.0 72.0 72.0
150 68.0 72.0 72.0 68.0 720 720
160 68.0 72.0 72.0 68.0 72.0 72.0
170 68.0 72.0 72.0 68.0 72.0 720
180 68.0 72.0 72.0 68.0 729 720
190 68.0 720 72.0 68.0 75.2 720
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TABLE B-1. PLANT P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3, 5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB
(PSIG) (°F) {°F) (°F) {°F) (°F) (°F)
200 68.0 72.0 720 68.0 773 72.0
210 68.0 720 72.0 68.0 79.3 72.0
220 68.0 720 72.0 68.0 813 720
230 68.0 72.0 72.0 68.0 83.1 72.0
240 68.0 720 720 68.0 84.9 72.0
250 68.0 72.0 72.0 68.0 86.6 72.0
260 68.0 72.0 720 68.0 88.2 72.0
270 68.0 720 72.0 68.0 89.8 72.0
280 68.0 72.0 72.0 68.0 913 72.0
290 68.0 72.0 720 68.0 92.8 72.0
300 68.0 72.0 72.0 68.0 94.2 72.0
310 68.0 72.0 72.0 68.0 95.5 72.0
3125 68.0 720 72.0 68.0 959 72.0
3125 68.0 102.0 102.0 68.0 132.0 132.0
320 68.0 102.0 102.0 68.0 132.0 132.0
330 68.0 102.0 102.0 68.0 132.0 132.0
340 680 1020 102.0 68.0 132.0 132.0
350 68.0 102.0 102.0 68.0 132.0 132.0
360 68.0 102.0 102.0 68.0 132.0 132.0
370 68.0 102.0 102.0 68.0 1320 132.0
380 68.0 1020 102.0 68.0 132.0 132.0
390 68.0 102.0 102.0 68.0 132.0 1320
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TABLE B-1. PLANT P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3,5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVEA CURVE A CURVE A CURVEB CURVE B CURVEB
(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)
400 68.0 102.0 102.0 68.0 1320 132.0
410 68.0 102.0 102.0 68.0 132.0 132.0
420 68.0 102.0 102.0 68.0 1320 132.0
430 68.0 102.0 102.0 68.0 1320 1320
440 68.0 102.0 102.0 68.0 132.0 132.0
450 68.0 102.0 102.0 68.0 132.0 132.0
460 68.0 102.0 102.0 68.0 132.0 132.0
470 68.0 102.0 102.0 68.0 132.0 132.0
480 1 68.0 102.0 1020 68.0 132.0 132.0
490 68.0 1020 102.0 68.0 1320 132.0
500 68.0 1020 102.0 68.0 132.0 132.0
510 68.0 102.0 102.0 68.0 132.0 132.0
520 68.0 1020 1020 68.0 132.0 132.0
530 68.0 102.0 102.0 68.0 132.0 132.0
540 68.0 102.0 102.0 68.0 132.0 132.0
550 68.0 102.0 102.0 . 69.5 132.0 132.0
560 68.0 102.0 102.0 713 132.0 132.0
570 68.0 102.0 - 1020 73.0 132.0 132.0
580 68.0 102.0 102.0 74.6 132.0 132.0
590 68.0 102.0 102.0 76.2 132.0 1320
600 68.0 102.0 102.0 77.8 132.0 132.0
610 68.0 102.0 102.0 79.3 132.0 132.0
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TABLE B-1. PLANT P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3, 5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVE B CURVEB
(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)
620 68.0 102.0 102.0 80.7 132.0 132.0
630 68.0 102.0 102.0 82.1 132.0 132.0
640 68.0 102.0 102.0 83.5 132.0 132.0
650 . 68.0 102.0 102.0 84.8 132.0 1320
660 68.0 102.0 102.0 86.1 1320 1320
670 68.0 102.0 102.0 87.4 132.0 132.0
680 68.0 102.0 102.0 88.7 132.0 132.0
690 68.0 102.0 102.0 89.9 132.0 132.0
700 68.0 102.0 102.0 910 1320 1320
710 68.0 102.0 1020 92.2 132.0 132.0
720 68.0 1020 102.0 933 132.0 132.0
730 68.0 102.0 102.0 944 132.0 132.0
740 68.0 102.0 102.0 955 132.0 132.0
750 68.0 1020 102.0 96.6 132.0 132.0
760 68.0 1020 102.0 97.6 132.0 132.0
770 68.0 102.0 102.0 - 98.6 132.0 132.0
780 68.0 1020 102.0 99.6 132.0 132.0
790 68.0 ’ 102.0 102.0 100.6 132.0 132.0
800 68.0 1020 102.0 101.5 132.0 132.0
810 68.0 1020 102.0 102.5 132.0 132.0
820 68.0 102.0 102.0 103.4 132.0 132.0
830 68.0 1020 102.0 104.3 132.2 132.0
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TABLE B-1. PLANT P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3,5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB
(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)
840 68.0 102.0 102.0 105.2 132.6 132.0
850 68.6 102.0 102.0 106.0 1329 1320
860 .69.6 102.0 102.0 106.9 1333 132.0
870 70.6 102.0 102.0 107.7 133.6 1320
880 715 102.0 102.0 108.6 134.0 132.0
890 72.5 102.0 102.0 109.4 1343 132.0
900 73.4 102.0 102.0 110.2 134.7 132.0
910 74.4 102.0 102.2 111.0 135.0 132.0
920 753 102.0 103.2 1117 135.4 132.0
930 76.1 1020 104.1 1125 1357 132.0
940 77.0 1025 105.1 1133 136.0 132.0
950 779 103.1 106.0 114.0 136.4 132.0
260 78.7 103.7 106.9 1147 136.7 132.0
970 79.6 104.3 107.8 1155 137.0 132.0
980 80.4 104.9 108.7 116.2 137.4 1320
990 81.2 105.5 109.6 116.9 137.7 1320
1000 82.0 106.1 110.4 117.6 138.0 132.0
1010 82.7 106.7 111.3 118.2 1383 132.0
1020 83.5 107.2 112.1 1189 1386 132.0
1030 843 107.8 1129 119.6 139.0 132.0
1040 85.0 1084 113.7 120.2 1393 132.0
1050 85.7 1089 1145 1209 139.6 132.0
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TABLE B-1. PLANT P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate -
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3,5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)

1055 86.1 109.2 1149 121.2 139.7 132.0
1060 86.4 109.5 1153 1215 139.9 132.0
1070 87.2 110.0 116.0 122.1 140.2 132.0
1080 879 1105 116.8 122.8 140.5 132.0
1090 88.6 1111 1175 123.4 1408 1323
1100 89.2 1116 1183 124.0 1411 132.8
1105 89.6 1118 118.6 1243 141.3 133.1
1110 89.9 1121 119.0 1246 - 1414 133.4
1120 90.6 112.6 119.7 125.2 1417 133.9
1130 91.2 113.1 120.4 1258 1420 1345
1140 919 113.6 1211 126.3 1423 135.0
1150 92.5 1141 1218 1269 142.6 135.5
1160 93.1 114.6 122.4 1275 1429 136.1
1170 93.8 1151 123.1 128.0 143.2 136.6
1180 94.4 115.6 123.7 128.6 1435 137.1
1190 95.0 116.1 1244 129.1 143.7 137.6
1200 95.6 116.5 125.0 129.7 144.0 138.1
1210 96.2 117.0 125.7 130.2 1443 138.6
1220 96.8 1175 126.3 1308 1446 139.1
1230 973 1179 126.9 131.3 144.9 139.6
1240 97.9 118.4 127.5 1318 1452 140.1
1250 98.5 1188 1281 132.3 145.4 140.6
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TABLE B-1. PLANT P-T Curve Values for intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-3,5-7, 5-8 & 5-9

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB
PsiG) P CF) F) ) CF) (°F)
1260 99.0 119.3 1287 1328 145.7 141.0
1270 99.6 119.7 129.3 1333 146.0 1415
1280 100.1 120.2 1298 1338 . 146.2 1420
1290 100.7 120.6 130.4 134.3 146.5 142.4
1300 101.2 121.0 1310 1348 146.8 1429
1310 101.7 1215 1315 1353 . 147.1 1433
1320 102.3 1219 132.1 135.8 1473 143.8
1330 102.8 1223 1326 136.2 147.6 1442
1340 103.3 122.7 133.2 136.7 147.8 144.7
1350 1038 123.1 1337 137.2 1481 1451
1360 104.3 123.6 1342 137.6 148.4 1455
1370 104.8 124.0 134.8 138.1 148.6 146.0
1380 105.3 124.4 1353 1385 1489 1l46.4
1390 1058 1248 135.8 139.0 149.1 146.8
1400 106.3 1252 136.3 139.4 149.4 147.2
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TABLE B-2. PLANT Composite P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & Cand 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE  CURVE A CURVE A CURVEB CURVE B CURVEC
(PSIG) (°F) (°F) (°F) (°F) (°F)
0 68.0 720 68.0 72.0 72.0
10 68.0 720 68.0 720 72.0
20 68.0 72.0 68.0 72.0 72.0
30 68.0 72.0 68.0 72.0 72.0
40 68.0 72.0 68.0 720 72.0
50 68.0 72.0 680 72.0 72.0
60 68.0 72.0 68.0 72.0 72.0
70 68.0 72.0 68.0 72.0 72.2
80 68.0 72.0 68.0 72.0 78.2
90 68.0 72.0 68.0 72.0 83.3
100 68.0 72.0 68.0 72.0 87.8
110 68.0 72.0 68.0 72.0 91.9
120 68.0 720 68.0 72.0 95.7
130 68.0 72.0 68.0 720 99.2
140 68.0 720 68.0 72.0 102.4
150 68.0 72.0 68.0 72.0 105.2
160 68.0 72.0 68.0 720 107.9
170 68.0 72.0 68.0 720 1105
180 68.0 72.0 68.0 72.9 1129
190 68.0 72.0 68.0 75.2 115.2
200 68.0 72.0 68.0 773 1173
210 68.0 72.0 68.0 793 1193
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TABLE B-2. PLANT Composite P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM  UPPERRPV&  BOTTOM  UPPERRPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE ~ CURVE A CURVE A CURVE B CURVE B CURVEC
(PSIG) (°F) (°F) (°F) (°F) (°F)
220 68.0 72.0 68.0 813 1213
230 68.0 72.0 68.0 83.1 123.1
240 68.0 72.0 68.0 84.9 1249
250 68.0 72.0 68.0 86.6 126.6
260 68.0 72.0 68.0 88.2 128.2
270 68.0 72.0 68.0 89.8 129.8
280 68.0 72.0 68.0 913 1313
290 68.0 72.0 68.0 92.8 132.8
300 68.0 72.0 68.0 94.2 134.2
310 68.0 72.0 68.0 955 1355
3125 68.0 72.0 68.0 959 1359
312.5 68.0 102.0 68.0 1320 172.0
320 68.0 102.0 68.0 132.0 1720
330 68.0 102.0 68.0 132.0 172.0
340 68.0 102.0 68.0 1320 1720
350 68.0 102.0 68.0 132.0 172.0
360 68.0 102.0 68.0 132.0 172.0
370 68.0 102.0 68.0 132.0 1720
380 68.0 102.0 68.0 1320 172.0
390 68.0 102.0 68.0 1320 172.0
400 68.0 102.0 68.0 1320 172.0
410 68.0 102.0 68.0 1320 1720
420 68.0 102.0 68.0 132.0 172.0
430 68.0 102.0 68.0 132.0 172.0
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TABLE B-2. PLANT Composite P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE  CURVE A CURVE A CURVE B CURVE B CURVEC -
{PSIG) (°F) (°F) (°F) (°F) (°F)
440 68.0 102.0 68.0 132.0 1720
450 68.0 102.0 68.0 1320 172.0
460 68.0 102.0 68.0 132.0 1720
470 68.0 102.0 68.0 132.0 172.0
480 68.0 102.0 68.0 1320 1720
490 68.0 102.0 68.0 1320 172.0
500 68.0 102.0 68.0 1320 172.0
510 68.0 102.0 68.0 132.0 172.0
520 68.0 102.0 68.0 1320 - 1720
530 68.0 102.0 68.0 132.0 1720
540 68.0 102.0 68.0 132.0 1720
550 68.0 102.0 69.5 132.0 172.0
560 68.0 102.0 713 132.0 1720
570 68.0 102.0 73.0 1320 172.0
580 68.0 102.0 74.6 132.0 1720
590 68.0 102.0 76.2 1320 172.0
600 68.0 102.0 77.8 132.0 172.0
610 68.0 102.0 79.3 132.0 172.0
620 68.0 102.0 80.7 132.0 172.0
630 68.0 1020 82.1 132.0 172.0
640 68.0 102.0 83.5 132.0 172.0
650 68.0 102.0 84.8 132.0 172.0
660 68.0 102.0 86.1 1320 1720
670 68.0 102.0 87.4 1320 172.0
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TABLE B-2. PLANT Composite P-T Curve Values for Intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM  UPPERRPV&  BOTTOM  UPPERRPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE  CURVE A CURVE A CURVE B CURVE B CURVE C
(PSIG) (°F) (°F) (°F) (°F) (°F)

680 68.0 102.0 88.7 1320 172.0
690 68.0 102.0 : 89.9 132.0 172.0
700 68.0 102.0 910 1320 172.0

710 68.0 102.0 92.2 132.0 172.0 |
720 68.0 102.0 933 132.0 172.0
730 68.0 102.0 944 132.0 1720
740 68.0 ; 102.0 955 132.0 172.0
750 68.0 102.0 96.6 1320 172.0
760 68.0 1(52.0 97.6 132.0 172.0
770 68.0 102.0 98.6 132.0 172.0
780 68.0 102.0 99.6 132.0 172.0
790 68.0 102.0 100.6 132.0 1720
800 - 68.0 102.0 101.5 132.0 172.0
810 68.0 1020 102.5 132.0 172.0
820 68.0 102.0 103.4 132.0 172.0
830 68.0 102.0 1043 132.2 172.2
840 68.0 102.0 105.2 132.6 172.6
850 68.6 102.0 106.0 132.9 1729
860 69.6 102.0 106.9 133.3 1733
870 70.6 102.0 107.7 1336 ~ 173.6
880 715 102.0 108.6 1340 1740
890 72.5 102.0 109.4- 1343 1743
900 73.4 102.0 110.2 1347 1747
910 74.4 102.2 1110 135.0 175.0
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TABLE B-2. PLANT Composite P-T Curve Values for intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE ~ CURVEA CURVE A CURVE B CURVEB CURVEC
(PSIG) (°F) (°F) (°F) (°F) (°F)
920 753 103.2 1117 1354 175.4
930 76.1 104.1 112.5 135.7 1757
940 77.0 105.1 1133 136.0 176.0
950 779 106.0 114.0 136.4 176.4
960 787 106.9 114.7 136.7 176.7
970 79.6 107.8 1155 137.0 177.0
980 80.4 108.7 116.2 137.4 177.4
990 81.2 109.6 116.9 137.7 1777
1000 82.0 110.4 117.6 138.0 178.0
1010 82.7 1113 118.2 1383 178.3
1020 83.5 1121 1189 138.6 178.6
1030 84.3 1129 119.6 1390 179.0
1040 85.0 113.7 120.2 1393 179.3
1050 85.7 114.5 1209 139.6 179.6
1055 86.1 114.9 121.2 139.7 179.7
1060 86.4 1153 121.5 139.9 179.9
1070 87.2 116.0 1221 140.2 180.2
1080 87.9 1168 122.8 140.5 180.5
1090 88.6 1175 123.4 140.8 180.8
1100 89.2 1183 124.0 1411 181.1
1105 89.6 1186 124.3 1413 1813
1110 89.9 119.0 1246 1414 181.4
1120 90.6 119.7 125.2 1417 1817
1130 91.2 1204 1258 142.0 182.0
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n

TABLE B-2. PLANT Composite P-T Curve Values for intermediate EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE  CURVE A CURVE A CURVE B CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F)

1140 91.9 1211 126.3 1423 1823
1150 92.5 121.8 126.9 142.6 182.6
1160 93.1 122.4 127.5 1429 182.9
1170 93.8 123.1 128.0 143.2 183.2
1180 94.4 1237 128.6 1435 183.5
1190 95.0 124.4 129.1 1437 183.7
1200 95.6 125.0 129.7 1440 184.0
1210 96.2 1257 130.2 1443 184.3
1220 96.8 126.3 130.8 1446 184.6
1230 97.3 126.9 1313 144.9 184.9
1240 97.9 127.5 1318 145.2 185.2
1250 98.5 1281 132.3 . 1454 1854
1260 99.0 128.7 1328 145.7 1857
1270 99.6 1293 1333 146.0 186.0
1280 100.1 1298 133.8 146.2 186.2
1290 100.7 130.4 134.3 146.5 186.5
1300 101.2 1310 134.8 146.8 186.8
1310 1017 1315 1353 147.1 187.1
1320 102.3 132.1 13538 1473 187.3
1330 102.8 1326 136.2 147.6 187.6
1340 1033 133.2 136.7 147.8 187.8
1350 103.8 133.7 137.2 148.1 188.1
1360 104.3 134.2 1376 1484 '188.4
1370 1048 1348 138.1 1486 188.6
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TABLE B-2. PLANT Composite P-T Curve Values for Intermediate EFPY

. Required Metal Temperature with Required Coolant Tempercture Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-5, 5-11 & 5-13
BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVE B CURVE C
(PSIG) () CF) CF) CF) R
1380 105.3 135.3 138.5 148.9 188.9
1390 105.8 135.8 139.0 149.1 189.1
1400 106.3 136.3 139.4 149.4 189.4
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TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-4, 5-7, 5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)
0 68.0 720 720 68.0 72.0 72.0
10 68.0 72.0 72.0 68.0 720 72.0
20 68.0 72.0 72.0 68.0 720 720
30 68.0 72.0 720 ' 68.0 72.0 72.0
40 68.0 72.0 72.0 68.0 72.0 72.0
50 68.0 72.0 72.0 68.0 72.0 72.0
60 68.0 72.0 720 68.0 72.0 72.0
70 68.0 720 72.0 68.0 72.0 72.0
80 68.0 720 72.0 68.0 72.0 72.0
20 68.0 720 72.0 68.0 720 720
100 68.0 72.0 72.0 68.0 72.0 72.0
110 68.0 720 72.0 68.0 720 720
120 68.0 720 72.0 68.0 72.0 72.0
130 68.0 720 720 68.0 72.0 720
140 68.0 720 720 68.0 720 72.0
150 68.0 72.0 720 68.0 720 720
160 68.0 720 720 68.0 72.0 | 72.0
170 68.0 72.0 720 68.0 72.0 72.0
180 68.0 720 72.0 68.0 72.9 72.0
190 68.0 720 72.0 68.0 75.2 72.0
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TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & Cand 20 °F/nr for Curve A
for Figures 5-1, 5-2, 5-4, 5-7, 5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB
(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)
200 68.0 72.0 72.0 68.0 77.3 72.0
210 68.0 72.0 72.0 68.0 79.3 72.0
220 68.0 72.0 720 68.0 813 72.0
230 68.0 72.0 720 68.0 83.1 72.0
240 68.0 72.0 72.0 68.0 84.9 72.0
250 68.0 72.0 720 68.0 86.6 | 720
260 68.0 72.0 72.0 68.0 88.2 720
270 68.0 720 720 68.0 89.8 72.0
280 68.0 72.0 72.0 68.0 913 72.0
290 68.0 72.0 72.0 68.0 9258 72.0
300 68.0 720 72.0 68.0 94.2 72.0
310 68.0 720 720 68.0 95.5 72.0
3125 © 680 720 72.0 68.0 95.9 72.0
3125 68.0 102.0 102.0 680 132.0 132.0
320 68.0 102.0 . 1020 68.0 1320 1320
330 68.0 102.0 102.0 68.0 1320 132.0
340 68.0 1102.0 102.0 68.0 132.0 132.0
350 68.0 102.0 102.0 68.0 132.0 132.0
360 68.0 102.0 1020 68.0 132.0 132.0
370 68.0 102.0 102.0 68.0 132.0 132.0
380 68.0 102.0 102.0 68.0 132.0 132.0
390 68.0 102.0 102.0 68.0 132.0 1320
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TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-4,5-7, 5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVEB CURVE B CURVEB
(PSIG) CF) °F) (°F) C°F) (°F) °F)
400 68.0 102.0 102.0 68.0 132.0 132.0
410 " 68.0 102.0 102.0 68.0 132.0 132.0
420 68.0 102.0‘ 102.0 68.0 132.0 132.0
430 68.0 102.0 102.0 68.0 132.0 132.0
440 68.0 102.0 102.0 68.0 132.0 132.0
450 68.0 102.0 102.0 68.0 132.0 132.0
460 68.0 102.0 102.0 68.0 132.0 132.0
470 68.0 102.0 102.0 68.0 132.0 132.0
480 68.0 102.0 102.0 68.0 132.0 132.0
490 68.0 102.0 102.0 68.0 132.0 132.0
500 68.0 102.0 102.0 68.0 132.0 132.0
510 68.0 102.0 102.0 68.0 1320 132.0
520 68.0 102.0 102.0 68.0 132.0 132.0
530 68.0 102.0 102.0 68.0 132.0 132.0
540 68.0 102.0 102.0 68.0 132.0 132.0
550 68.0 102.0 102.0 69.5 132.0 132.0
560 68.0 102.0 102.0 71.3 132.0 132.0
570 68.0 102.0 102.0 73.0 132.0 132.0
580 68.0 102.0 102.0 74.6 132.0 132.0
590 68.0 102.0 102.0 76.2 ' 132.0 132.0
600 68.0 102.0 102.0 77.8 132.0 1320
610 68.0 102.0 102.0 79.3 132.0 132.0
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TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-4, 5-7, 5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB
(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)

620 68.0 102.0 102.0 80.7 132.0 132.0
630 68.0 102.0 102.0 82.1 132.0 132.0
640 68.0 102.0 102.0 83.5 132.0 132.0
650 68.0 102.0 102.0 84.8 132.0 1320
660 68.0 102.0 102.0 86.1 132.0 132.0
670 68.0 102.0 102.0 87.4 1320 132.0
680 68.0 102.0 102.0 88.7 132.0 132.0
630 68.0 102.0 102.0 89.9 132.0 132.0
700 68.0 102.0 102.0 910 132.0 132.0
710 68.0 102.0 102.0 92.2 1320 132.0
720 68.0 102.0 102.0 933 1320 1320
730 68.0 102.0 102.0 944 132.0 132.0
740 68.0 102.0 102.0 955 132.0 132.0
750 68.0 102.0 1020 96.6 132.0 1320
760 68.0 102.0 102.0 97.6 132.0 132.0

- 770 68.0 102.0 102.0 98.6 132.0 132.0
780 68.0 102.0 102.0 99.6 132.0 132.0
790 68.0 102.0 102.0 100.6 132.0 132.0
800 68.0 102.0 102.0 1015 132.0 132.0
810 68.0 102.0 102.0 102.5 132.0 1320
820 68.0 102.0 102.0 103.4 132.0 1320
830 68.0 102.0 102.0 1043 132.2 132.0

Attachment 1 - 77



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-4,5-7, 5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVE B
(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)
840 68.0 102.0 102.0 105.2 132.6 132.0
850 68.6 102.0 102.8 106.0 1329 132.0
860 69.6 102.0 103.9 106.9 133.3 1323
870 70.6 102.0 105.0 107.7 133.6 1331
880 715 102.0 106.1 108.6 134.0 133.8
890 725 102.0 107.2 109.4 1343 1346
900 73.4 102.0 108.2 110.2 134.7 1353
910 744 ~102.0 109.2 1110 135.0 136.0
920 753 102.0 110.2 1117 135.4 136.7
930 76.1 102.0 1111 112.5 135.7 137.4
940 77.0 1025 112.1 113.3 136.0 138.1
950 779 103.1 113.0 114.0 136.4 138.7
960 78.7 103.7 113.9 114.7 136.7 139.4
970 79.6 104.3 1148 1155 137.0 140.0
980 80.4 104.9 115.7 116.2 137.4 140.7
990 81.2 105.5 116.6 116.9 137.7 1413
1000 82.0 106.1 117.4 117.6 138.0 142.0
1010 82.7 10e.7 1183 118.2 1383 142.6
1020 83.5 107.2 119.1 118.9 138.6 143.2
1030 84.3 107.8 1199 119.6 139.0 143.8
1040 85.0 108.4 120.7 120.2 139.3 1444
1050 85.7 108.9 1215 120.9 139.6 145.0
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TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-4,5-7,5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVEB CURVEB CURVEB

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F)

1055 86.1 109.2 121.9 121.2 139.7 1453
1060 86.4 109.5 1223 1215 139.9 1456
1070 87.2 110.0 123.0 122.1 140.2 146.2
1080 87.9 110.5 123.8 122.8 140.5 146.7
1090 88.6 1111 1245 123.4 140.8 147.3
1100 89.2 111.6 1253 124.0 141.1 147.8
1105 89.6 1118 1256 1243 1413 148.1
1110 89.9 112.1 126.0 1246 1414 148.4
1120 90.6 112.6 126.7 125.2 1417 148.9
1130 91.2 1131 127.4 1258 142.0 1495
1140 919 113.6 1281 126.3 1423 ~  150.0
1150 925 114.1 128.8 1269 142.6 150.5
1160 93.1 1146 129.4 127.5 1429 151.1
1170 93.8 1151 130.1 128.0 143.2 1516
1180 - 94.4 115.6 130.7 128.6 143.5 152.1
1190 95.0 116.1 1314 129.1 143.7 152.6
1200 95.6 116.5 132.0 129.7 144.0 153.1
1210 96.2 117.0 132.7 130.2 1443 153.6
1220 96.8 117.5 1333 130.8 144.6 154.1
1230 973 1179 1339 1313 144.9 154.6
1240 97.9 118.4 1345 1318 1452 155.1
1250 98.5 118.8 1351 1323 1454 155.6
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TABLE B-3. PLANT P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate
at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
for Figures 5-1, 5-2, 5-4, 5-7,5-8 & 5-10

BOTTOM UPPER BOTTOM UPPER
HEAD VESSEL BELTLINE HEAD VESSEL BELTLINE
PRESSURE CURVE A CURVE A CURVE A CURVE B CURVEB CURVEB
(PSIG) (°F) (°F) {°F) (°F) (°F) (°F)
1260 99.0 119.3 135.7 1328 145.7 156.0
1270 99.6 119.7 1363 133.3 146.0 156.5
1280 100.1 120.2 1368 133.8 146.2 157.0
1290 100.7 120.6 137.4 1343 146.5 157.4
1300 101.2 121.0 138.0 134.8 146.8 157.9
1310 101.7 1215 1385 1353 147.1 1583
1320 102.3 1219 139.1 1358 1473 158.8
1330 102.8 1223 1396 136.2 147.6 159.2
1340 103.3 122.7 140.2 136.7 147.8 159.7
1350 103.8 1231 140.7 137.2 1481 160.1
1360 104.3 123.6 141.2 137.6 148.4 160.5
1370 1048 1240 . 1418 138.1 148.6 161.0
1380 105.3 1244 1423 138.5 148.9 161.4
1390 105.8 1248 1428 139.0 149.1 1618
1400 106.3 125.2 1433 139.4 149.4 162.2
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TABLE B-4. PLANT Composite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate at 100 °F/hr for Curves 8 &
C and 20 °F/hr for Curve A

for Figures 5-6, 5-12 & 5-14

BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVE B CURVE C
(PSIG) (°F) (°F) (°F) (°F) (°F)

0 68.0 72.0 68.0 72.0 72.0
10 68.0 72.0 68.0 72.0 720
20 68.0 72.0 68.0 72.0 720
30 68.0 720 68.0 - 720 72.0
40 68.0 72.0 68.0 72.0 72.0
50 68.0 72.0 68.0 72.0 72.0
60 68.0 72.0 68.0 720 720
70 68.0 72.0 68.0 720 722
80 68.0 720 68.0 72.0 78.2
90 68.0 72.0 68.0 720 83.3
100 68.0 72.0 68.0 720 87.8
110 68.0 72.0 68.0 72.0 919
120 68.0 72.0 68.0 72.0 95.7
130 68.0 72.0 68.0 72.0 99.2
140 68.0 720 68.0 72.0 102.4
150 68.0 720 68.0 72.0 105.2
160 68.0 720 68.0 72.0 1079
170 68.0 : 72.0 68.0 72.0 1105
180 68.0 72.0 68.0 729 1129
190 68.0 72.0 68.0 75.2 115.2
200 68.0 72.0 68.0 773 117.3
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\

TABLE B-4. PLANT Composite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate at 100 °F/hr for Curves B &
C and 20 °F/hr for Curve A

for Figures 5-6, 5-12 & 5-14

BOTTOM UPPER RPV & BOTTOM UPPERRPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVE B CURVEC
(PSiG) () G () CF) (°F)
210 68.0 72.0 68.0 793 1193
220 68.0 720 68.0 813 121.3
230 68.0 72.0 68.0 83.1 123.1
240 68.0 72.0 68.0 84.9 1249
250 68.0 72.0 68.0 86.6 126.6
260 68.0 72.0 68.0 88.2 128.2
270 68.0 72.0 68.0 89.8 129.8
280 68.0 72.0 68.0 913 131.3
290 68.0 72.0 68.0 928 1328
300 68.0 720 68.0 94.2 134.2
310 68.0 72.0 68.0 955 1355
3125 68.0 720 68.0 959 135.9
3125 68.0 1020 68.0 1320 172.0
320 68.0 102.0 68.0 132.0 172.0
330 68.0 102.0 68.0 132.0 172.0
340 68.0 102.0 68.0 132.0 172.0
350 68.0 1020 68.0 132.0 1720
360 68.0 102.0 68.0 132.0 172.0
370 68.0 102.0 68.0 132.0 1720
380 68.0 102.0 68.0 132.0 172.0
390 68.0 102.0 68.0 132.0 1720
400 68.0 102.0 68.0 132.0 1720
410 68.0 102.0 68.0 132.0 1720
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TABLE B-4. PLANT Composite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coclant Temperature Rate at 100 °F/hr for Curves B &
C and 20 °F/hr for Curve A

! for Figures 5-6, 5-12 & 5-14

BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING -
PRESSURE  CURVE A CURVE A CURVE B CURVE B CURVE C
(PSIG) (°F) (°F) (°F) (°F) (°F)
420 68.0 102.0 68.0 1320 1720
430 68.0 102.0 68.0 132.0 172.0
440 680 102.0 68.0 132.0 172.0
450 68.0 102.0 68.0 132.0 172.0
460 68.0 102.0 68.0 132.0 172.0
470 68.0 102.0 68.0 132.0 172.0
480 68.0 102.0 68.0 132.0 172.0
490 68.0 102.0 68.0 132.0 172.0
500 68.0 102.0 68.0 132.0 172.0
510 68.0 102.0 68.0 132.0 172.0
520 68.0 102.0 68.0 132.0 172.0
530 68.0 102.0 68.0 132.0 172.0
540 68.0 102.0 68.0 132.0 172.0
550 68.0 102.0 69.5 132.0 172.0
560 68.0 102.0 713 132.0 172.0
570 68.0 102.0 73.0 1320 172.0
580 68.0 102.0 74.6 132.0 172.0
590 68.0 102.0 76.2 132.0 172.0
600 68.0 102.0 77.8 132.0 172.0
610 68.0 - 102.0 79.3 132.0 172.0
620 68.0 102.0 80.7 132.0 172.0
630 68.0 102.0 82.1 132.0 172.0

640 68.0 102.0 83.5 1320 - 1720
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TABLE B-4. PLANT Composite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate at 100 °F/hr for Curves B &
C and 20 °F/hr for Curve A

for Figures 5-6,5-12 & 5-14

BOTTOM UPPERRPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVEB CURVE C
(PSIG) (°F) (°F) (°F) (°F) {°F)
650 68.0 102.0 84.8 132.0 1720
660 68.0 102.0 86.1 1320 172.0
670 68.0 102.0 87.4 132.0 172.0
680 68.0 102.0 88.7 1320 172.0
690 68.0 102.0 89.9 1320 1720
700 68.0 102.0 910 1320 172.0
710 68.0 102.0 922 132.0 1720
720 68.0 102.0 93.3 132.0 172.0
730 68.0 102.0 94.4 1320 1720
740 68.0 102.0 955 132.0 172.0
750 68.0 102.0 96.6 132.0 172.0
760 68.0 102.0 97.6 132.0 172.0
770 68.0 102.0 98.6 132.0 172.0
780 68.0 102.0 99.6 132.0 172.0
790 68.0 102.0 100.6 132.0 1720
800 68.0 1062.0 101.5 132.0 172.0
810 68.0 102.0 102.5 132.0 172.0
820 68.0 102.0 103.4 1320 1720
830 68.0 102.0 104.3 132.2 172.2
840 68.0 102.0 105.2 132.6 172.6
850 68.6 102.8 106.0 132.9 1729
860 69.6 103.9 106.9 133.3 173.3
870 70.6 105.0 107.7 133.6 173.6
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TABLE B-4. PLANTComposite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate at 100 °F/hr for Curves B &
C and 20 °F/hr for Curve A

for Figures 5-6,5-12 & 5-14

BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVE B CURVE C
(PSIG) CF) °F) CF) CF) °F)
880 715 106.1 108.6 134.0 1740
890 72.5 107.2 109.4 134.6 174.6
900 73.4 108.2 110.2 1353 1753
910 74.4 109.2 111.0 136.0 176.0
920 75.3 110.2 111.7 136.7 176.7
930 76.1 1111 112.5 137.4 177.4
940 77.0 112.1 1133 138.1 178.1
950 77.9 113.0 114.0 138.7 178.7
960 78.7 113.9 114.7 139.4 179.4
970 79.6 : 1148 1155 140.0 180.0
980 80.4 115.7 116.2 140.7 180.7
990 81.2 116.6 116.9 141.3 181.3
1000 82.0 117.4 117.6 142.0 182.0
1010 82.7 1183 118.2 142.6 182.6
1020 835 119.1 118.9 143.2 183.2
1030 843 1199 119.6 143.8 1838
1040 85.0 120.7 120.2 144 .4 184.4
1050 85.7 1215 120.9 1450 185.0
1055 86.1 1219 121.2 1453 185.3
1060 86.4 122.3 1215 145.6 185.6
1070 87.2 123.0 122.1 146.2 186.2
1080 879 123.8 122.8 146.7 186.7
1090 88.6 124.5 123.4 147.3 187.3
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TABLE B-4. PLANT Composite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate at 100 °F/hr for Curves 8 &
C and 20 °F/hr for Curve A

for Figures 5-6,5-12 & 5-14

BOTTOM UPPER RPV & BOTTOM UPPERRPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F)

1100 89.2 1253 124.0 1478 187.8
1105 89.6 125.6 1243 148.1 188.1
1110 89.9 126.0 124.6 148.4 188.4
1120 90.6 126.7 125.2 148.9 188.9
1130 91.2 127.4 1258 1495 189.5
1140 919 128.1 126.3 150.0 190.0
1150 92.5 128.8 126.9 150.5 190.5
1160 93.1 129.4 127.5 1511 1911
1170 93.8 130.1 128.0 1516 1916
1180 944 130.7 128.6 152.1 192.1
1190 95.0 131.4 129.1 152.6 192.6
1200 95.6 132.0 129.7 153.1 193.1
1210 96.2 132.7 130.2 153.6 193.6
1220 96.8 133.3 130.8 154.1 194.1
1230 973 133.9 1313 154.6 194.6
1240 97.9 134.5 1318 155.1 195.1
1250 985 135.1 1323 155.6 195.6
1260 99.0 135.7 132.8 156.0 196.0
1270 99.6 136.3 1333 156.5 196.5
1280 100.1 136.8 133.8 1570 197.0
1290 100.7 137.4 134.3 157.4 197.4
1300 101.2 138.0 134.8 1579 197.9
1310 1017 138.5 1353 1583 198.3
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TABLE B-4. PLANT Composite P-T Curve Values for End of License EFPY

Required Metal Temperature with Required Coolant Temperature Rate at 100 °F/hr for Curves B &
C and 20 °F/hr for Curve A

for Figures 5-6, 5-12 & 5-14

BOTTOM UPPER RPV & BOTTOM UPPER RPV &

HEAD BELTLINE HEAD BELTLINE LIMITING
PRESSURE CURVE A CURVE A CURVE B CURVE B CURVE C
(PSIG) (°F) (°F) (°F) (°F) (°F)
1320 102.3 139.1 1358 1588 1988
1330 102.8 139.6 136.2 159.2 199.2
1340 103.3 140.2 136.7 159.7 199.7
1350 103.8 140.7 137.2 160.1 200.1
1360 104.3 141.2 137.6 - 160.5 200.5
1370 104.8 1418 138.1 161.0 201.0
1380 105.3 1423 138.5 161.4 201.4
1390 105.8 1428 139.0 161.8 201.8
1400 106.3 143.3 139.4 162.2 202.2
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APPENDIX C

OPERATING AND TEMPERATURE MONITORING REQUIREMENTS
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All relevant information is contained in Appendix C of the Topical Report
(NEDC-33178P-A) [22].
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APPENDIX D

GE SIL 430
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All relevant information is contained in Appendix D of the Topical Report
(NEDC-33178P-A) [22].
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APPENDIX E

DETERMINATION OF BELTLINE REGION AND

IMPACT ON FRACTURE TOUGHNESS
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This evaluation uses the methods defined in Appendix E of the Topical Report -
(NEDC-33178P-A) [4]. The following dimensions are obtained from the referenced

drawings:
Elevation
Component (inches from Reference
RPV “0”)
Shell # 2 - Top of Active Fuel (TAF)* 366.3" 3
Shell # 1 - Bottom of Active Fuel (BAF) 216.3" 3
Shell # 2 - Top of Extended Beltline Region 374.7" 3
Shell # 1 - Bottom of Extended Beltline Region 210.5” 3
Centerline of Recirculation Outlet Nozzle in Shell # 1 161.5” 3
Top of Recirculation Qutlet Nozzle N1 in Shell # 1 193.7" 3
Centerline of Recirculation Inlet Nozzle N2 in Shell # 1 181.0" 3
Top of Recirculation Inlet Nozzle N2 in Shell # 1 197.5" 3
Centerline of 2" Instrumentation Nozzle in Shell # 2 366.0" 3

From the fluence report [2], it is obvious that the recirculation inlet and outlet nozzles
are closest to the beltline region (the top of the recirculation inlet nozzle is ~19” below
BAF and the top of the recirculation outlet nozzle is ~23" below BAF). Therefore, if it
can be shown that the peak fluence at these locations is less than 1.0e17 n/cm?, it
can be safely concluded that all nozzles and welds, other than those included in

Table 4-2, are outside the beltline region of the reactor vessel.

Based on the axial fluence profile, the RPV fluence at the end of license EFPY drops to
less than 1.0e17 n/cm? at ~6” below the BAF and at ~9” above TAF. The beltline
region considered in the development of the P-T curves is adjusted to include the

region from 210.5" to 374.7" above reactor vessel “0” for the end of license EFPY.
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Based on the above, it is concluded that none of the PLANT reactor vessel plates,

nozzles, or welds, other than those included in Table 4-2, are in the beltline region.
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APPENDIX E REFERENCES:
1 Plant-Specific Design Input.
2. Plant-Specific Fluence Calculation (GE Proprietary) or other approved

Fluence Calculation.

3. Plant-Specific Drawings.

4, GEH Nuclear Energy, NEDC-33178P-A, Revision 1, “GE Hitachi Nuclear
Energy Methodology for Development of Reactor Pressure Vessel
Pressure-Temperature Curves”, Report for BWR Owners’ Group, Sunol,
California, June 2009 (GEH Proprietary).
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APPENDIX F

EXAMPLE CALCULATION FOR LIMITING NOZZLE

IN THE BELTLINE REGION
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All relevant information is contained in Appendix F of the Topical Report

- (NEDC-33178P-A) [22].
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APPENDIX G

THICKNESS TRANSITION DISCONTINUITY EVALUATION

Attachment 1 - 98



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

G.1 OBJECTIVE

The purpose of the following evaluation is to determine the hydrotest, heatup/cooldown, and
transient temperatures (T) for the shell thickness transition discontinuities in the beltline and
the bottom head upper to lower torus, and to demonstrate that these temperatures are

bounded by the appropriate P-T curves.

G.2 METHODS AND ASSUMPTIONS

ANSYS finite element analyses were performed for the thickness discontinuities in the beltline
and bottom head regions of the plant-specific vessel. The purpose of this evaluation was to
determine the RPV discontinuity stresses {(hoop and axial} that result from the thickness
transition discontinuity in the beltline and bottom head regions. The transition in the beltline
is modeled as a transition from 7.125 inches minimum thickness (lower shell) to 6.125 inches
minimum thickness (lower-intermediate shell) [1]. The bottom head lower torus to upper
torus is modeled as a transition from 7.375 inches minimum thickness to 3.4375 inches

minimum thickness, respectively [2].

Four (4) load cases defined on the plant-specific vessel thermal cycle diagram (3] were
evaluated for the beltline and bottom head shell discontinuity:

1) hydrostatic test pressure at 1055 psig,

2) cooldown transient of 100°F/hr, starting at 546°F and decreasing to 70°F on the
inside surface wall and with an initial operating pressure of 1000 psig, and 3) a
heatup transient of 100°F/hr, starting at 70°F and increasing to 546°F on the inside
surface wall and with a final operating pressure of 1000 psig. For both transient
cases it was assumed that the outside RPV wall surface is insulated with a heat
transfer coefficient of 0.2 BTU/hr-ft2 °F [4] and that the ambient temperature is 100°F.

These are the bounding beltline transients of those described in Region B of the plant-

specific vessel thermal cycle diagram at temperatures for which brittle fracture could occur.
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Additionally, the bottom head was analyzed for
3) I 1], and
4) I N3l
As discussed in Section 4.3.2.1.2 of the Topical Report (NEDC-33178P-A) [9], these transients
represent [
1. The Normal/Upset transient “Loss of AC Power Natural
Circulation Restart” was also analyzed. It was determined that the [[
1] transients bound this operating condition for the bottom head region; results for the

bounding conditions are presented in this appendix.

Material properties were used from the Code of construction for the RPV Materials: shell and
bottom head plate materials are ASME SA533, Grade B, Class 1 low alloy steel {LAS) and
support skirt materials are ASME SA508 Class 2 [5].

Methods consistent with those described in Section 4.3 of the Topical Report were used to
calculate the T - RTNDT. for the shell discontinuity for hydrotest pressure of 1055 psig and
the two transient cases. The adjusted reference temperature values shown in Table 4-2b
were added to the T - RTnor to determine the temperature, T. The value of T was compared
to that of the beltline region for the same condition as described in Sections 4.3.2.2.1 for the

hydrotest pressure case and 4.3.2.2.4 for the transient cases.

It is demonstrated in this analysis that Curve A for the bottom head (CRD) and beltline
regions (Figures 5-1 and 5-4) bound the temperatures found for the hydrostatic test pressure
temperatures from the FEA analysis. It is also shown that Curve B for the bottom head (CRD)
beltline regions (Figures 5-7 and 5-10) bound the temperatures found for transient pressures
from the stresses obtained in the FEA analysis. Therefore, the transition discontinuity

stresses in the beltline and bottom head upper to lower torus are bounded by the P-T curves.

The locations of maximum stress were evaluated in the beltline shell and bottom head torus

locations as shown in Figure G-1.
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The methods of ASME Code Section XI, Appendix G [6] are used to calculate the pressure test
and thermal limits. The membrane and bending stresses were determined from the finite
element analysis and are shown below. The hoop stresses were more limiting than the axial

stresses, and are provided in Tables G-1 through G-5 of this appendix.

The stress intensity factors, Kim and K, are calculated using 1998 ASME Code with Addenda
through 2000 Section Xl Appendix A [7] and Appendix G [6], as shown in Section 4.3.2.2.2 of
this report. Therefore, Kin= Mm - 6m and Kp = Mp - ob.  The values of My and My were
determined from the ASME Code Appendix G [6]. The stress intensity is based on a 1/4T
radial flaw with a six-to-one aspect ratio (length of 1.5T). The flaw is oriented normal to the
maximum stress direction, in this case a vertically oriented flaw since the hoop stress was

limiting.

The calculated value of Kim + Kis is multiplied by a safety factor (SF) (1.5 for pressure test and
2.0 for the transient cases), per ASME Appendix G [6] for comparison with Kir, the material

fracture toughness expressed as Kic.

The relationship between Kic and temperature relative to reference temperature (T - RTnpr) is
provided in ASME Code Section XI Appendix A [7] Paragraph A-4200, represented by the
relationship (K units ksi-in®3):
Kic = 33.2 + 20.734 exp [ 0.02 (T - RTnor) J; therefore,
T- RTnor=In [(Kc-33.2)/20.734]/0.02,
where Kic =SF * (Km + Kp)  for the pressure test,

and Kie = (SF* Kip) + Kis  for transient cases.

This relationship is derived in the Welding Research Council (WRC) Bulletin 175 [8] as the
lower bound of all dynamic fracture toughness data. This relationship provides values of

pressure versus temperature {from Kir and (T - RTnor), respectively).
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The RTnor is added to the (T - RTnor) to determine the hydrotest, heatup, cooldown, and

additional transient temperatures.

Analysis Information:

Beltline

Thin Section Thickness: tmin = 6.125 inches
VIt = 2.47 inches

Thick Section Thickness: tmax = 7.125 inches
It} = 2.67 inchos

Bottom Head Upper Torus to Lower Torus

Thin Section Thickness: tmin = 3.438 inches
VIt) = 1.85 inchos

Thick Section Thickness: tmax = 7.375 inches
V(t) = 2.72 inchos
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Lower to Lower-Intermediate Shell: 6.125” thick I}

Section 4

Lower Shell: 7.125" thick : >

Section 3

Bottom Head Upper Torus: 3.438" thick

Section 2

Bottom Head Lower Torus: 7.38" thick

Section 5

Figure G-1: Location and Wall Thickness of Evaluation Discontinuities in the

Beltline and Bottom Head Regions
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Table G-1: Analysis Results for Hydrostatic Pressure Test for the Beltline Shell Discontinuity

Primary Primary o
Pressure Membrane | Bending - Mb = T-RTnor
_ Surface Mm Mm*Pm Kib Ki
(psig) Pm Po . 2/3 Mn, °F)
_ _ (psi inv2)
(psi) (psi)
1000 Inside 19860 -24 229 | 45514 1.53 | -36 | 68.22 26.20
1000 Outside 19860 24 2.29 45514 1.53 36 |68.32 26.36
1055 Inside 20952 -25 229 | 48017 153 | -38 | 71.97 31.29
1055 | Outside 20952 25 229 | 48017 1.53 38 | 72.08 31.44
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Table G-2: Analysis Results for Hydrostatic Pressure Test for the Bottom Head Discontinuities

Primary

Primary

Km = My =
‘ Membrane | Bending m T-RTnor
Pressure | Section | Surface Mm | Ma*Po 2/3 Ko Ki
Pm Pb . (°F)
' _ (psiint2) | Mm
(psi) (psi)
1000 2 Inside 18000 -2363 1.85] 33300 123 |-2914 | 4558 | -25.79
1000 2 Outside 18000 2363 1.85] 33300 1.23 | 2914 | 54.32 0.93
1055 2 Inside 18990 -2493 185 35132 1.23 |-3075| 48.09 | -16.57
1055 2 Outside 18990 2493 1.85] 35132 123 | 3075 | 57.31 7.54
1000 5 Inside 5247 424 185} 9707 1.23 523 15.34 =
1000 5 Outside 5247 -424 185 9707 123 | -523 | 13.78 =
1055 5 Inside 5536 447 1.85] 10241 1.23 551 16.19 -
1055 5 Outside 5536 -447 1.85] 10241 1.23 | -551 | 1453 -
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G.3 Results and Conclusions for Hydrostatic Pressure Test

The results of this analysis demonstrate that Curve A remains bounding for the bottorn head

torus (Figure 5-1) and beltline shell (Figure 5-4) discontinuities.
Beltline

~ The maximum plant-specific T-RTypr calculated with the linearized stresses from the Finite
Element Analysis' (FEA) for the beltline thickness discontinuity is 31.44°F as shown in
Table G-1. The limiting beltline weld material RTnor (ART) at the region of the discontinuity is
77°F (see Table 4-2b) at end of license EFPY, resulting in T = 108.44°F. The limiting beltline
plate RTnor (ART) at the region of the discontinuity is 45°F (see Table 4-2b) at end of license
EFPY, resulting in T = 76.44°F.

At 1055 psig, representing the end of license EFPY plant-specific hydrostatic pressure test,
the T - RTnor for the beltline region Curve A is 39.8°F (see Section 4.3.2.2.2), and
T=116.8°F (see Section 4.3.2.2.2).

Because the end of license EFPY beltline region hydrostatic pressure test temperature "T" of
116.8°F is greater than the T = 108.44°F obtained with the FEA analysis results, the thickness

discontinuity remains bounded by the beltline curve.

Similarly, the limiting beltline material RTnor (ART) at the region of discontinuity at the
intermediate EFPY is the beltline weld at 62°F (see Table 4-2a), resulting in T = 93.44°F. At
1055 psig, the T for the intermediate EFPY beltline region Curve A is 102°F. Because the
intermediate EFPY beltline region hydrostatic pressure test curve is greater than the T

obtained by FEA, the thickness discontinuity remains bounded by the beltline curve.

Attachment 1 - 106



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

Bottom Head Lower Torus to Upper Torus

The maximum T - RTnpr calculated with the Finite Element Analysis results for the bottom
head lower torus to upper torus region is 7.54°F, as shown for Sections 2 and 5 (see
Figure G-1 for location of these sections) in Table G-2. The maximum RTnpr for the bottom
head lower torus to upper torus is 30°F for the plates (see Table 4-1a) and -50°F for the
welds {see Table 4-1c). Thus a limiting value of T=37.54°F is obtained from the linearized
stresses obtained in the FEA analysis. From Tables B-1 and B-3, the bottom head
T (appropriate for this location) used in the analysis is 86.1°F at 1055 psig. This value bounds
the maximum value of T = 37.54°F, obtained using the linearized stresses from the FEA

analysis.
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Table G-3: Beltline Analysis and Results for Heatup and Cooldown at 1030 psig

Primary Primary | Secondary | Secondary v
Membrane | Bending | Membrane Bending Kip Kis Ki Total T-RTnor
Case e Pm Pb Sm Sb Mo 27 (psiin/2) | (psiin¥2) | (psiin/2) (°F)
(psi) (psi) (psi) (psi) 2
Heatup Inside 20462 -25 -163 -6469 229 153 46819 -10248 83391 44.20
Heatup Outside 20462 25 -163 6469 229 | 153 46895 9504 103294 60.90
Cooldown | Inside 20462 -25 1 9785 229 153 46819 14940 | 108579 64.54
Cooldown | Outside 20462 25 1 -9633 229 | 153 46895 -14705 79086 39.72
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Table G-4: Bottom Head Analysis and Results for Heatup and Cooldown at 1030 psig

Primary Primary Secondary | Secondary M -
. it | Suds Membrane Bending Membrane Bending v o Kp Kis K, Total B
Pm Py S So i (psiin2) | (psiini’d) | (psiini/2) o)
(psi) {psi) (psi) (psi)
Heatup 2 Inside 18545 -2493 -5529 -4959 1.85 1.23 31234 -16345 46124 | -23.63
Heatup 2 Outside 18990 2493 -5529 4959 1.85 1.23 38206 -4113 72300 31.72
Cooldown 2 Inside 18990 -2493 688 3255 1.85 1.23 32057 5287 69401 27.87
Cooldown 2 Outside 18990 2493 688 ~3255 1.85 1.23 38206 -2742 73671 33.44
Heatup 5 Inside 5406 447 27020 -14010 1.85 1.23 10553 32708 53813 -0.29
Heatup 5 Outside 5406 -447 27020 14010 185 | 123 9450 67266 86165 | 46.89
Cooldown 5 Inside 5406 447 -49 -24810 1.85 1.23 10553 -30690 -9585 -
Cooldown 5 Outside 5406 -447 -49 24520 1.85 1.23 9450 30150 49049 | -13.43
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Table G-5: Bottom Head Analysis and Results for [[ 11 at 1030 psig*
Primary Primary | Secondary | Secondary o
e et | srrines Membrane | Bending | Membrane Bending - o Kip Kis K Total T-RTnor
Pm Po Sm Sb Mo {psiin¥3) | (psiin¥3} | (psiin7?) (°F)
(psi) (psi) (psil (psi)
1 2 Inside 18545 -2493 -410 -39260 1.85 | 123 31234 -49180 13289 =
1 2 Outside 18990 2493 -410 38890 1.85] 1.23 38206 47205 123617 73.63
1 2 Inside 18990 -2493 -3241 12120 1851 123 32057 8952 73066 32.69
« 0 2 Outside 18990 2493 -3241 -12120 185 1.23 38206 -20944 55468 357
[ 1 5 Inside 5406 447 -23 -10350 185 1.23 10553 -12807 8298 -
1 5 Outside 5406 -447 -23 10210 1851 123 9450 12551 31450 -
r 5 Inside 5406 447 -55 -40660 185 1.23 10553 -50249 -29144 26.41
1 5 Outside 5406 -447 -55 40190 185 1.23 9450 49466 68365

* See Section 4.3.2.1.2 and Appendix H of NEDC-33178P-A [9] for more information regarding these transients.

([
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G.4 Results and Conclusions for Transient Cases:

The results of the discontinuity analysis demonstrate that the linearized stresses in
the bottom head torus and beltline regions are bounded by the bottom head (CRD)
Curve B, and the beltline Curve B (Figures 5-7 and 5-9, respectively).

Beltline

The maximum plant-specific T - RTnor calculated with the linearized stresses from the
Finite Element Analysis (FEA) for the beltline thickness discontinuity is 64.54°F as
shown in Table G-3. The limiting beltline weld material RTnor (ART) at the region of the
discontinuity is 77°F (see Table 4-2b) at end of license EFPY, resulting in T = 141.54°F.
The limiting beltline plate RTnor (ART) at the region of the discontinuity is 45°F (see
Table 4-2b) at end of license EFPY, resulting in T = 109.54°F. "

At 1030 psig, the end of license EFPY beltline Curve B temperature T = 143.8°F (see
Table B-3). Because the beltline region temperature, T, of 143.8°F is greater than the
T = 109.54°F obtained with the FEA analysis result, the thickness discontinuity remains

bounded by the beltline curve.

Similarly, the limiting beltline material RTnor (ART) at the region of discontinuity at the
intermediate EFPY is the beltline weld at 62°F (see Table 4-2a), resulting in
T =126.54°F. At 1030 psig, the “T” for the intermediate EFPY beltline region Curve B is
132°F. Because the intermediate EFPY beltline region Curve B is greater than the T

obtained by FEA, the thickness discontinuity remains bounded by the beltline curve.

Bottom Head Lower Torus to Upper Torus

The maximum plant-specific T - RTnpr for the thickness discontinuity in the bottom
head lower to upper torus region at 1030 psig is 73.63°F as shown for Sections 2 and

5 (see Figure G-1 for location of these sections) in Tables G-4 and G-5. The maximum
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RTwor for this region is 30°F for the plates (see Table 4-1a) and -50°F for the welds (see
Table 4-1c). This yields a maximum value of T= 103.63°F.

From Tables B-1 and B-3, the bottom head T (appropriate for this location) used in the
analysis is 119.6°F at 1030 psig. This value bounds the maximum value of

T =103.63°F, obtained using the linearized stresses from the FEA analysis.

It has been demonstrated in this analysis that Curve A for the bottom head (CRD) and
beltline regions (Figures 5-1 and 5-4, respectively) bound the temperatures found for
the hydrostatic test pressure temperatures from the FEA analysis. It has also been
shown that Curve B for the bottom head (CRD) beltline regions (Figures 5-7 and 5-10,
respectively) bound the temperatures found for the applicable transient pressures
from the stresses obtained in the FEA analysis. Therefore, the transition discontinuity
stresses in the beltline and bottom head upper to lower torus are bounded by the

P-T curves provided in Section 5 of this report.
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Appendix G References:

1. Plant-Specific Vessel Drawings.
2. Plant-Specific Vessel Drawings.

3. Plant-Specific Reactor Vessel Thermal Cycles Drawing (GE Proprietary

Information).
4. Plant-Specific Vessel Drawings.
5. Plant-Specific QA Records and RPV CMTRs.

6. “Fracture Toughness Criteria for Protection Against Failure”, Apbendix G to
Section Xl of the ASME Boiler and Pressure Vessel Code, 1998 Edition with
Addenda through 2000.

7. “Analysis of Flaws”, Appendix A to Section XI of the ASME Boiler and Pressure
Vessel Code, 1998 Edition with Addenda through 2000.

8. "PVRC Recommendations on Toughness Requirements for Ferritic Materials”,
Welding Research Council Bulletin 175, August 1972.

9. GEH Nuclear Energy, NEDC-33178P-A, Revision 1, “GE Hitachi Nuclear Energy
Methodology for Development of Reactor Pressure Vessel Pressure-
Temperature Curves”, Report for BWR Owners’ Group, Sunol, California, June
2009 (GEH Proprietary).

Attachment 1 - 113



GEH Nuclear Energy NEDO-33178-A

Non-Proprietary Version

APPENDIX H
CORE NOT CRITICAL CALCULATION

FORTHE BOTTOM HEAD CRD PENETRATION
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Al relevant information is contained in Appendix H of the Topical Report
(NEDC-33178P-A) [22].
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APPENDIX |

GUIDANCE FOR THE USE OF BWRVIP ISP SURVEILLANCE DATA

THIS APPENDIX WAS PROVIDED BY THE EPRI BWRVIP PROGRAM
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All relevant information is contained in Appendix | of the Topical Report
(NEDC-33178P-A) [22].
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APPENDIX J

WATER LEVEL INSTRUMENTATION NOZZLE EVALUATION
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All relevant information is contained in Appendix J of the Topical Report
(NEDC-33178P-A}[22].
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[PLANT NAME] PTLR
Rev. [0]
[EFFECTIVE DATE]

1.0 Purpose

The purpose of the [PLANT NAME] Pressure and Temperature Limits Report (PTLR) is to
present operating limits relating to:

1. Reactor Coolant System (RCS) Pressure versus Temperature limits during
Heatup, Cooldown and Hydrostatic/Class 1 Leak Testing;

2. RCS Heatup and Cooldown rates;

3. Reactor Pressure Vessel (RPV) to RCS coolant AT requirements during
Recirculation Pump startups;

4. RPV bottom head coolant temperature to RPV coolant temperature AT
requirements during Recirculation Pump startups;

5. RPV head flange bolt-up temperature limits.

This report has been prepared in accordance with the requirements of Technical
Specification (TS) 5.6.6, “Reactor Coolant System (RCS) PRESSURE AND TEMPERATURE
LIMITS REPORT (PTLR)".

2.0 Applicability

This report is applicable to the [PLANT NAME] RPV for up to [32] Effective Full-Power
Years (EFPY).

The following TS is affected by the information contained in this report:

TS 3.4.10 RCS Pressure and Temperature (P/T) Limits;

3.0 Methodology

The limits in this report were derived from the NRC-approved methods listed in TS
5.6.6, using the specific revisions listed below:

1. The neutron fluence was calculated per [Topical Report Name, Report
Number, Rev. #, Date], approved in Reference 6.1.
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[PLANT NAME] PTLR
Rev. [0]
[EFFECTIVE DATE]

2. The pressure and temperature limits were calculated per [Topical Report
Name, Report Number, Rev. #, Date]. The methodology used was previously
approved in Reference 6.2.

3. This revision of the pressure and temperature limits is to incorporate the
following changes:

[List changes in methods, input assumptions, etc. made since the previous revision of
the PTLR.]

Changes to the curves, limits, or parameters within this PTLR, based upon new
irradiation fluence data of the RPV, or other plant design assumptions in the Updated
Final Safety Analysis Report (UFSAR), can be made pursuant to 10 CFR 50.59, provided
the above methodologies are utilized. The revised PTLR shall be submitted to the NRC
upon issuance.

Changes to the curves, limits, or parameters within this PTLR, based upon new
surveillance capsule data of the RPV, cannot be made without prior NRC approval.
Such analysis and revisions shall be submitted to the NRC for review prior to
incorporation into the PTLR.

Operating Limits

The pressure-temperature (P-T) curves included in this report represent steam dome
pressure versus minimum vessel metal temperature and incorporate the appropriate
non-beltline limits and irradiation embrittlement effects in the beltline region.

Complete P-T curves were developed for [25 and 32] EFPY. The P-T curves are
provided in Figure 1 and a tabulation of the curves is included in Table 1 ([25] EFPY)
and Table 2 ([32] EFPY).

The operating limits for pressure and temperature are required for three categories
of operation: (a) hydrostatic pressure tests and leak tests, referred to as Curve A; (b)
non-nuclear heatup/cooldown (core not critical), referred to as Curve B; and (c) core
critical operation, referred to as Curve C.
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Normal Operating Heatup and Cooldown rate limit (Figure 1: Curve B - Non-Nuclear
Heating and Curve C - Nuclear Heating): < 100 °F/hour.

Heatup and Cooldown rate limit during Hydrostatic and Class 1 Leak
Testing (Figure 1: Curve A): <20 °F/hour.

RPV bottom head coolant temperature to RPV coolant temperature AT limit during
Recirculation Pump startup: < [145] °F.

Recirculation loop coolant temperature to RPV coolant temperature AT limit during
Recirculation Pump startup: <[50] °F.

RPV flange and adjacent shell temperature limit: [ > 74 °F].

Discussion

No new computer codes have been used in the development of the P-T curves. OR
The following computer codes, which are not described in the topical report, have
been used in developing the P-T curves for [PLANT NAME].

The method for determining the initial RTnor for all vessel materials is that defined in
Section 4.1.2 of Reference 6.2. [Any deviations from this methodology are discussed
below.] Initial RTnor values for all vessel materials considered are presented in tables
in this PTLR.

For [PLANT NAME], the limiting material [HEAT #] considered Procedure [1] defined in
Appendix | of Reference 6.2. This procedure was used because [the vessel material
and the surveillance material are identical heats]. [If surveillance data was utilized,
provide the surveillance data and the analysis of the surveillance data that was used
to determine the adjusted reference temperature (ART). If surveillance data was not
utilized, state why it was not utilized ]

For [PLANT NAME], there is a thickness discontinuity in the vessel [between the
bottom head torus and dollar plate]. The P-T curves defined in Section 4.3 of
Reference 6.2 are based upon an RTypr of [XXX]°F.

The adjusted reference temperature (ART) of the limiting beltline material is used to
adjust the beltline P-T curves to account for irradiation effects. Regulatory
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Guide 1.99, Revision 2 (RG 1.99) provides the methods for determining the ART. The
RG 1.99 methods for determining the limiting material and adjusting the P-T curves
using ART are discussed in this section.

The vessel beltline copper and nickel values [(except for the N2 and N16 nozzles)]
were obtained from the evaluation presented in the [Integrated Surveillance
Program (Reference 6.3). For the N2 and N16 nozzles, a bounding value of 0.18% was
assumed for copper, and the nickel values for N16 and N2 of 0.85% and 0.84%,
respectively, were obtained from a Certified Material Test Report.) The copper (Cu)
and nickel (Ni) values were used with Tables 1 and 2 of RG 1.99, to determine a
chemistry factor (CF) per Paragraph 1.1 of RG 1.99 for welds and plates, respectively.

The P-T curves for the non-beltline region were conservatively developed for a
Boiling-Water Reactor Product Line 6 (BWR/6) with nominal inside diameter of
251 inches. The analysis is considered appropriate for [PLANT NAME], since the plant
specific geometric values are bounded by the generic analysis for a large BWR/6.
The generic value was adapted to the conditions at [PLANT NAME] using plant-
specific RTnor values for the reactor pressure vessel.

The peak RPV ID fluence used in the P-T curve evaluation for [32] EFPY is [#] n/cm?,
which was calculated using methods that comply with the guidelines of RG 1.190,
(Reference 6.1).

This fluence applies to the [lower-intermediate] plates and associated longitudinal
welds. The fluence is adjusted for the lower plates and associated longitudinal welds
and the girth weld based upon an attenuation factor of [#]; hence, the peak ID
surface fluence for these components is [#] n/cm2. [Similarly, the fluence is adjusted
for the N2 nozzle based upon an attenuation factor of [#]; hence the peak ID surface
fluence used for this component is [#] n/cm2] [The same method is applied to the
N16 nozzle, which has an attenuation factor of [#], resulting in a peak ID surface
fluence of [#] n/cm2)]

The P-T curves for the heatup and cooldown operating conditions at a given EFPY
apply for both the 1/4T and 3/4T locations. When combining pressure and thermal
stresses, it is usually necessary to evaluate stresses at the 1/4T location (inside
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surface flaw) and the 3/4T location (outside surface flaw). This is because the thermal
gradient tensile stress of interest is in the inner wall during cooldown and the outer
wall during heatup. However, as a conservative simplification, the thermal gradient
stress at the 1/4T location is assumed to be tensile for both heatup and cooldown.
This results in the approach of applying the maximum tensile stress at the 1/4T
location. This approach is conservative because irradiation effects cause the
allowable toughness, Ki, at 1/4T to be less than that at 3/4T for a given metal
temperature. This approach causes no operational difficulties, since the BWR is at
steam saturation conditions during normal operation, well above the
heatup/cooldown curve limits.

For the core not critical curve (Curve B) and the core critical curve (Curve C), the P-T
curves specify a coolant heatup and cooldown temperature rate of < 100°F/hr for
which the curves are applicable. However, the core not critical and the core critical
curves were also developed to bound transients defined on the RPV thermal cycle
diagram and the nozzle thermal cycle diagrams. For the hydrostatic pressure and
leak test curve (Curve A), a coolant heatup and cooldown temperature rate of
< 20°F/hr must be maintained. The P/T limits and corresponding heatup/cooldown
rates of either Curve A or B may be applied while achieving or recovering from test
conditions. Curve A applies during pressure testing and when the limits of Curve B
cannot be maintained.

For [PLANT NAME], the [N2 Recirculation Inlet nozzle] is the limiting material for the
beltline region for [32] EFPY. The beltline pressure test P-T curves provided in this
report are calculated in the same manner as the [Feedwater Nozzle pressure test P-T
curves, using the N2-specific geometry.] The initial RTnor for the [N2 Recirculation Inlet
nozzle] materials is [#]°F. The generic pressure test P-T curve is applied to the [PLANT
NAME] [N2 Nozzle] curve by shifting the P vs. (T - RTnor) values to reflect the ART value
of [#]°F. Similarly, the generic pressure test P-T curve is applied to the [PLANT NAME]
[N2 Nozzle] curve by shifting the P vs. (T-RTnor) values to reflect the [25] EFPY ART
value of [#]°F. Using the fluence discussed above, the P-T curves are beltline ([N2
Recirculation Inlet nozzle]) limited above [#] and [#] psig for Curve A for [25] and [32]
EFPY, respectively, and above [#] psig for Curve B for both [25] and [32] EFPY.
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In order to ensure that the limiting vessel discontinuity has been considered in the
development of the P-T curves, the methods in Sections 4.3.2.1 and 4.3.2.2 of [6.2] for
the non-beltline and beltline regions, respectively, are applied.

6.0 References
6.1  [List NRC approval letter for Fluence Topical Report used in the PTLR]
6.2  [List NRC approval letter for P/T Curve Topical Report used in the PTLR]

6.3  [Integrated Surveillance Program Report]
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Figure 1 - Composite P-T Curves Effective for up to [25] EFPY
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Figure 2 - Composite P-T Curves Effective for up to [32] EFPY
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Table 1 - Tabulation Of Curves - [25] EFPY
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Table 2 - Tabulation Of Curves - [32] EFPY
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Appendix A

Reactor Vessel Material Surveillance Program

In accordance with 10 CFR 50, Appendix H, Reactor Vessel Material Surveillance Program
Requirements, the [second] surveillance capsule was removed from the [PLANT NAME]
reactor vessel on [Date], during refueling outage (RFO) [#]. The surveillance capsule
contained flux wires for neutron fluence measurement, Charpy V-Notch impact test
specimens and uniaxial tensile test specimens fabricated using materials from the vessel
materials within the core beltline region. The flux wires and test specimens removed from
the capsule were tested according to ASTM E185-82. The methods and results of testing are
presented in Reference 6.5, as required by 10 CFR 50, Appendices G and H.

As described in [PLANT NAME] Updated Final Safety Analysis Report (UFSAR) Section [5.3.16,
Material Surveillance], the remaining surveillance capsulels) is(are) slated to be removed as
defined by the Integrated Surveillance Program.
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Appendix B

[PLANT NAME] Reactor Pressure Vessel P-T Curve
Supporting Plant-Specific Information

|

|

|

GEH Nuclear Energy NEDO-33178-A
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Figure of [PLANT NAME] Reactor Pressure Vessel
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[PLANT NAME] Initial RTnor Values for RPV Materials

Plate and Flange Materials

Test | charpy E (Tsor-60) v? ot | AT
arpy Energy 50 eig NDT
Component Heat Tza;n)p (ft-Ib) () NDT ()
(°F)
[Top Head & Flange
Shell Flange
10 85| 80 | 90 -20 10 10
Top Head Flange
10 100§ 111} 101 -20 10 10
Top Head Dollar
10 70 ] 86 | 70 -20 -10 -10
Top Head Lower Torus Plates
10 80| 91| 92 -20 -10 -10
10 85 ] 96 | 88 -20 -10 -10
Top Head Upper Torus Plates
10 102] 85 | 100 -20 -10 -10
[Shell Courses
Upper Shell Plates
40 62 ]| 60 | 56 10 -10 10
40 61 ] 49 | 55 12 -10 12
10 551 63 | 53 -20 -10 -10
40 70§ 75 | 88 10 -10 10
Upper Intermediate Plates
10 70 ] 62 | 66 -20 -10 -10
10 57 ]| 45 | 52 -10 -10 -10
10 44 | 55 | 58 -8 -10 -8
Lower-Intermediate Plates
10 61 ] 45 | 58 -10 -20 -10
10 65 ) 64 | 54 -20 -20 -20
10 48 | 49 | 63 -16 -30 -16
10 46 | 65 | 60 -12 -30 -12
Lower Shell Plates
10 60| 75| 74 -20 -10 -10
10 80| 79 | 92 -20 -10 -10
10 57 | 66 | 68 -20 -10 -10
[Bottom Head
Bottom Head Dollar
10 41 | 48 | 52 -2 -10 -2
Bottom Head Upper Torus Plates
-40 55| 61 | 55 -70 -10 -10
-40 66 | 64 | 54 -70 -10 -10
Bottom Head Lower Torus Plates
10 571 70 | 80 -20 -10 -10
10 71170 | 72 -20 -10 -10
40 40 | 48 | 42 30 10 30
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(PLANT NAME] PTLR

[PLANT NAME] Initial RTnor Values for RPV Materials, Continued
Nozzle Materials
Drop
Heat Test
Component or Temp Chnr:)ﬁy- Ii;lergy ﬁw) w:g’;' v R(T;;T
Heat / Flux / Lot {(°F) B
Recirculation Outlet Nozzle
10 70 92 59 -20 -20 -20
10 90.0 89 80 -20 -30 -20
Recirculation Inlet Nozzle
10 51 45 38 4 0 4
10 33 32 40 16 -10 16
10 67 32 37 16 20 20
10 43 36 55 8 -30 8
10 48 40 45 0 -30 0
10 55 28 39 24 -40 24
10 50 32 48 16 20 20
10 47 66 54 -14 10 10
10 75 46 55 -12 10 10
10 47 58 85 -14 40 40
Steam Outlet Nozzle
10 60 36 80 8 10 10
10 70 70 36 8 0 8
10 40 35 32 16 10 16
10 55 32 44 16 10 16
Feedwater Nozzle
10 80 90 57 -20 0 0
10 60 55 50 -20 0 0
10 60 55 76 -20 -30 -20
10 60 42 66 -4 -10 -4
10 38 55 51 4 0 4
10 41 44 34 12 -10 12
Core Spray Nozzle
10 66 52 85 -20 -10 -10
10 65 80 82 -20 -10 -10
Instrumentation Nozzle
10 54 60 70 -20 10 10
10 54 59 72 -20 10 10
Top Head Vent Nozzle
10 90 90 88 -20 10 10
Jet Pump Nozzle
10 80 101 105 -20 -20 -20
10 82 105 105 -20 -20 -20
CRD HYD Return Nozzle
10 44 40 46 0 10 10
Core AP Nozzle Alloy 600
2
Replacement Instrument Nozzles
10 38 42 30 20 40 40
10 230 230 247 -20 40 40
High Pressure Leak Detector Nozzle
10 (1)
Drain Nozzle
10 40 25 33 30 40 40
CRD Stub Tubes
Alloy 600 (2)

(1) Information for this heat is not available; the purchase specification requirements are used for evaluation of this component.
(2) Alloy 600 components do not require fracture toughness evaluation; see Appendix A for additional information.
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Weld Materials

[PLANT NAME] PTLR

Rev. [0]

(EFFECTIVE DATE]

Drop
Component H:: : .;.::; Char:)"y 'il;ergy (T5or-60) W:[I)g-:lt RTyor
Heat / Flux / Lot (F) i () e (F)
|Beltline - Axial
Lower Shell
10 70 75 82 -50 - -50
10 60 47 61 -44 - -44
Lower-Intermediate Shell
10 80 90 87 -50 - -50
Beltline - Girth
Lower-Intermediate Shell to Lower Shell
10 99 105 | 107 -50 - -50
on-Beltline - Axial
Upper-Intermediate Shell
10 60 47 62 -44 - -44
10 109 110 111 -50 = -50
10 153 130 135 -50 - -50
Upper Shell
10 54 60 57 -50 n -50
10 65 70 60 -50 - -50
Bottom Head Upper Torus Meridional Welds
10 111 110 113 -50 - -50
Bottom Head Lower Torus Meridional Welds
10 120 108 119 -50 g -50
10 111 110 112 -50 - -50
Top Head Upper Torus Meridional Welds
10 130 165 150 -50 - -50
Top Head Lower Torus Meridional Welds
10 167 142 154 -50 * -50
10 109 105 112 -50 * -50
10 130 168 151 -50 - -50
[Non-Beltline - Girth
'Top Head Assembly
10 111 105 111 -50 * -50
10 57 30 51 -10 - -10
Shell Flange to Upper Shell
10 51 72 70 -50 - -50
Upper Shell to Upper-Intermediate Shell
- 10 80 85 91 -50 - -50
Upper-Intermediate Shell to Lower-Intermediate
Shell
10 77 65 63 -50 - -50
- 10 40 47 48 -30 = -30
Lower Shell to Bottom Head
10 57 30 51 -10 - -10
10 111 109 105 -50 - -50
Bottom Head Assembly
10 101 105 103 -50 - -50
Support Skirt to Bottom Head
10 63 57 59 -50 = -50
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o Charpy Energy | (Tsor60) WD;I;':“ RTyor
Component Heat Temp (ft-Ib) (F) NDT (%)
[Misc Appurtenances:
Support Skirt Forging
10 75 | 85 | 102 -20 30 30
Shroud Support Alloy 600
(1)
Stabilizer Brackets
40 57 | 49 | 52 12 10 12
10 55| 45 | 50 -10 -30 -10
Guide Rod Brackets
Stainless Steel (1)
Steam Dryer Support Lugs
Stainless Steel (1)
Steam Dryer Hold Down Brackets
10 | 121]125] 108 -20 - -20
10 82 | 65| 60 -20 - -20
Core Spray Brackets
Stainless Steel (1)
Basin Seal Skirt
10 (2)
10 (2)
Surveillance Specimen Brackets
Stainless Steel (1)
Stainless Steel (1)
Feedwater Sparger Brackets
Stainless Steel (1)
Top Head Lifting Lugs
40 (2)
Test Min Lat
Component Heat Temp Char](afr_ Iir;ergy Exp I(.BS‘;)I’
(°F) (mils)
Closure Studs
10 50 | 50 { 50 = 70
10 52 | 54 | 52 - 70
(3) 10 - - ~ - 70
Closure Nuts
10 571 59| 53 - 70
(3) 10 = - - - 70

(1) Information for this heat is not available; the purchase specification requirements are used for evaluation of this component.
(2) Alloy 600 and Stainless Steel components do not require fracture toughness evaluation; see Appendix A for additional information
(3) Information for this component is not available; ASME Code requirements are applied as defined in Section 4.1.2 of this report.
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[PLANT NAME] Adjusted Reference Temperatures

[25] EFPY

Lower-Intermediate Shell Plates and Axial Welds

[PLANT NAME] PTLR

(EFFECTIVE DATE]

Thickness in inches= 6.125 End of License EFPY Peak I.D. fluence = 7.50E+17 n/cm”2
Intermediate EFPY Peak 1.D. fluence = 5.63E+17 n/cm”2
Intermediate EFPY Peak 1/4T fluence = 3.90E+17 n/cmA2
Lower Shell Plates and Axial Welds & Lower to Lower-Intermediate Girth Weld
Thickness in inches= 7.125 End of License EFPY Peak |.D. fluence = 4.88E+17 n/em*2
Axial Distribution Factor at Elevation Intermediate EFPY Peak L.D. fluence = 3.66E+17 n/cm”2
of Girth Weld = Intermediate EFPY Peak 1/4T fluence = 2.38E+17 n/cm*2
HEAT Adjusted| Initial 14T EFPY EFPY EFPY
COMPONENT OR HEATALOT | %Cu | %Ni | CF | CF(1) | RTndt] Fluence | A4 RTndt | o LA Margin Shift ART
* nfcm’2 T ¥ ¥ SE
PLATES:
Lower Shell 0.08 | 062 | 51 -10 | 2.38E+17 10 0 5 10 20 10
Lower-Intermediate Shell 0.12 | 0.61 83 -12 | 3.90E+17 21 0 1 21 42 30
WELDS:
Lower Shell Axial 026 | 087 | 224 -44 | 2.38E+17 43 0 21 43 86 42
Lower-Intermediate Shell Axial 0.32 | 050 | 1885 -50 | 3.90E+17 48 0 24 48 96 46
Lower to Lower-Intermediate Girth 023 | 1.00 | 236 -50 | 238E+17 45 0 23 45 90 40
INTEGRATED SURVEILLANCE
PROGRAM (2):
Plate (3) 012 | 069 | 84 -12 | 3.90E+17 21 0 1 21 43 31
Weld (4) 021 | 086 | 207 354 -44 | 238E+17 68 0 28 28 96 52
(1) Adjusted CF calculated per RG1.99 Position 2.1 as shown in Section 4.2.1.1 of this report.
(2) Procedures defined in BWRVIP-102 are applied to ine the ART ing the Surveillance Program.
(3) The ISP plate is not the identical heat and is presented using the ISP chemistry and CF and applied to the limiting plant-specific plate.
(4) The ISP weld is the identical heat and is presented using the ISP chemistry and adjusted CF with the vessel weld Initial RT and fluence. o, is d as but is multiplied by 0.5 for the

Margin calculation as defined in RG1.99, Position 2.1.
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[PLANT NAME] Adjusted Reference Temperatures

(32] EFPY

Lower-Intermediate Shell Plates and Axial Welds

[PLANT NAME] PTLR
Rev. (0]
[EFFECTIVE DATE]

Thickness in inches= 6.125 End of License EFPY Peak |.D. fluence = 9.68E+17 n/cmA2
Intermediate EFPY Peak |.D. fluence = 6.70E+17 n/cm*2
Intermediate EFPY Peak 1/4T fluence = 6.70E+17 n/cm*2
Lower Shell Plates and Axial Welds & Lower to Lower-Intermediate Girth Weid
Thickness in inches= 7.125 End of License EFPY Peak L.D. fluence = 6.23E+17 n/cm2
Axial Distribution Factor at Elevation Intermediate EFPY Peak 1.D. fluence = 4.07E+17 n/cm*2
of Girth Weld = 0.64 Intermediate EFPY Peak 1/4T fluence = 4.07E+17 n/cm”2
HEAT [End of License] JEnd of License |End of License
OR Adjusted] Initial 14T EFPY. EFPY EFPY
COMPONENT HEAT/ | %Cu | %Ni CF | CF(1) | RTndt] Fluence A RTndt o Oa Margin Shift ART
LOT * n/cm’2 * £ % G
PLATES:
Lower Shell 0.08 | 062 | 51 -10 | 4.07E+17 13 0 7 13 27 17
Lower-Intermediate Shell 0.12 | 061 83 <12 | 6.70E+17 28 0 14 28 57 45
WELDS:
Lower Shell Axial 026 | 087 | 224 -44 | 4.07E+17 59 0 28 56 115 71
Lower-Intermediate Shell Axial 0.32 | 0.50 | 1885 -50 | 6.70E+17 64 0 28 56 120 70
Lower to Lower-Intermediate Girth 0.23 | 1.00 | 236 -50 | 4.07E+17 62 0 28 56 118 68
INTEGRATED SURVEILLANCE
PROGRAM (2):
Plate (3) 012 | 069 | 84 -12 | 6.70E+17 29 0 14 29 57 45
Weld (4) 0.21 0.86 | 207 354 -44 4.07E+17 93 0 28 28 121 77
(1) Adjusted CF calculated per RG1.99 Position 2.1 as shown in Section 4.2.1.1 of this report.
(2) Procedures defined in BWRVIP-102 are applied to ine the ART idering the ill Program.
(3) The ISP plate is not the identical heat and is presented using the ISP chemistry and CF and applied to the limiting plant-specific plate.
(4) The ISP weld is the identical heat and is presented using the ISP chemistry and adjusted CF with the vessel weld Initial RTy,; and fluence. o, is as butis iplied by 0.5 for

the Margin calculation as defined in RG1.99, Position 2.1.
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[PLANT NAME] RPV Beltline P-T Curve Input Values

[PLANT NAME] PTLR
Rev. (0]
[EFFECTIVE DATE]

Adjusted RTnor = Initial RTnor + Shift

A= [-44 + 121 = 77°F]
(Based on ART values)

Vessel Height

H = [861.6] inches

Bottom of Active Fuel Height

B =[216.3] inches

Vessel Radius (to base metal)

R =[127] inches

Minimum Vessel Thickness (without clad)

t =[6.125] inches
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[PLANT NAME] Definition of RPV Beltline Region!

[PLANT NAME] PTLR
Rev. [0]
[EFFECTIVE DATE]

Elevation
Component (inches from

RPV “0")
(Shell # 2 - Top of Active Fuel (TAF)* 366.3"
Shell # 1 - Bottom of Active Fuel (BAF) 216.3"
Shell # 2 - Top of Extended Beltline Region 374.7"
Shell # 1 - Bottom of Extended Beltline Region 21085
Centerline of Recirculation Outlet Nozzle in Shell # 1 161.5°
Top of Recirculation Outlet Nozzle N1 in Shell # 1 1937
Centerline of Recirculation Inlet Nozzle N2 in Shell # 1 181.0"
Top of Recirculation Inlet Nozzle N2 in Shell # 1 1975
Centerline of 2” Instrumentation Nozzle in Shell # 2 366.0")

[1] The beltline region is defined as any location where the peak neutron fluence is

expected to exceed or equal 1.0e17 n/cm2.

Based on the above, it is concluded that none of the [PLANT] reactor vessel plates, nozzles,
or welds, other than those included in the Adjusted Reference Temperature Table, are in the

beltline region.
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Appendix C

[PLANT NAME] Reactor Pressure Vessel P-T Curve
Checklist
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Initial RTnor

[PLANT NAME] PTLR
Rev. [0]
[EFFECTIVE DATE)

determined per RG 1.99, Rev. 2

Initial RTnor has been determined for ] [1. Non-beltline weld material
[PLANT] for all vessel materials including information is not available;
plates, flanges, forgings, studs, nuts, therefore, GE Procedure
bolts, welds. Y1006A006 used.
2. Purchase Specification was used for
Include explanation (including main closure flange.
methods/sources) of any exceptions, 3. Value for heat X1234 was
resolution of discrepant data (e.g., previously reported to be 12°F; new
deviation from originally reported values). information has become available
and the value has been revised to
14°F.
Appendix B contains tables of all Initial L] NA
RTnor values for [PLANT]
Has any non-[PLANT] initial RTnor L] Heat X2345 information obtained from
information (e.g., ISP, comparison to other ISP database. Heat X3456 information
plant) been used? obtained from identical heat contained
in Plant Y.
If deviation from the LTR process L] No deviations other than those noted
occurred, sufficient supporting above.
information has been included (e.g.,
Charpy V-Notch data used to determine
an Initial RTno).
All previously published Initial RTnor L]
values from sources such as the
GL88-01, RVID, FSAR, etc., have been
reviewed.
Adjusted Reference Temperature (ART)
Sigma | (standard deviation for Initial L]
RTwnor) is O°F unless the RTnor was
obtained from a source other than
CMTRs. If o1is not equal to O,
reference/basis has been provided.
Sigma A (standard deviation for ARTpr) is L]
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Chemistry has been determined for all
vessel beltline materials including plates,
forgings (if applicable), and welds for

[PLANT]

Include explanation (including
methods/sources) of any exceptions,
resolution of discrepant data (e.g.,

deviation from originally reported values).

[PLANT NAME] PTLR
Rev. [0]
[EFFECTIVE DATE]

Non-[PLANT] chemistry information (e.g.,
ISP, comparison to other plant) used has
been adequately defined and described.

Heat X2345 information obtained from

ISP database. Heat X3456 information

obtained from identical heat contained
in Plant Y.

For any deviation from the LTR process,
sufficient information has been included.

No deviations other than those noted
above.

All previously published chemistry values
from sources such as the GL88-01, RVID,
FSAR, etc., have been reviewed.

[

The fluence used for determination of

ART and any extended beltline region

was obtained using an NRC-approved
methodology.

The fluence calculation provides an axial
distribution to allow determination of the
vessel elevations that experience fluence
of 1.0e17 n/cm? both above and below
active fuel.

The fluence calculation provides an axial
distribution to allow determination of the
fluence for intermediate locations such
as the beltline girth weld (if applicable) or
for any nozzles within the beltline region.

All materials within the elevation range
where the vessel experiences a fluence
21.0e17 n/cm?2 have been included in the
ART calculation. All initial RTnor and
chemistry information is available or
explained.
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Discontinuities
The discontinuity comparison has been []
performed as described in Section 4.3.2.1
of the LTR. Any deviations have been
explained.

Discontinuities requiring additional L]
components (such as nozzles) to be
considered part of the beltline have been
adequately described. It is clear which
curve is used to bound each
discontinuity.

Appendix G of the LTR describes the L]
process for considering a thickness
discontinuity, both beltline and non-
beltline. If there is a discontinuity in the
[PLANT] vessel that requires such an
evaluation, the evaluation was
performed. The affected curve was
adjusted to bound the discontinuity, if
required.

Appendix H of the LTR defines the basis L]
for the CRD Penetration curve
discontinuity and the appropriate
transient application. The [PLANT]
evaluation bounds the requirements of
Appendix H.

Appendix J of the LTR defines the basis L]
for the Water Level Instrumentation
Nozzle curve discontinuity and the
appropriate transient application. The
[PLANT] evaluation bounds the
requirements of Appendix J.
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NRC REQUESTS FOR ADDITIONAL INFORMATION
AND
RESPONSES PROVIDED



June 15, 2007

Mr. Randy C. Bunt, Chair

BWR Owners’ Group

Southern Nuclear Operating Company
40 Inverness Center Parkway/Bin B057
Birmingham, AL 35242

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION RE: THE BOILING WATER
REACTOR OWNERS’ GROUP (BWROG) TOPICAL REPORT (TR)
NEDC-33178P, REVISION 0, "GENERAL ELECTRIC METHODOLOGY FOR
DEVELOPMENT OF REACTOR PRESSURE-TEMPERATURE CURVES"
(TAC NO. MD2693)

Dear Mr. Bunt;

By letter dated July 28, 2006, the BWROG submitted for U.S. Nuclear Regulatory Commission
(NRC) staff review TR NEDC-33178P, Revision 0, "General Electric Methodology for
Development of Reactor Pressure-Temperature Curves." ‘Upon review of the information
provided, the NRC staff has determined that additional information is needed to complete the
review. Mr. Fred Emerson, BWROG Project Manager, and | agreed that the NRC staff will
receive your response to the enclosed Request for Additional Information (RAI) questions by
the end of June 2007.

If you have any questions regarding the enclosed RAI questions, please contact me at
301-415-1774. : : :

Sincerely,

IRA/

Michelle C. Honcharik, Project Manager

Special Projects Branch

Division of Policy and Rulemaking

Office of Nuclear Reactor Regulation
Project No. 691

Enclosure: RAI questions

cc w/encl: See next page
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REQUEST FOR ADDITIONAL INFORMATION

BY THE OFFICE OF NUCLEAR REACTOR REGULATION

. TOPICAL REPORT (TR) NEDC-33178P. REVISION 0

"GENERAL ELECTRIC METHODOLOGY FOR DEVELOPMENT OF REACTOR

PRESSURE-TEMPERATURE CURVES"

BOILING WATER REACTOR OWNERS' GROUP (BWROG)

PROJECT NO. 691

All section, appendix, and attachment numbers refer to TR NEDC-33178P, Revision 0, unless
specified otherwise. '

1.a.

1.b.

1.c.

Section 4.3 and Appendices F, G, and H describe the methodology for determining
pressure-temperature limit curves for the closure flange, core beltline, upper vessel, and
lower vessel regions. Letter dated July 28, 2006, indicates that licensees have utilized
this methodology in the past. Identify a prior plant-specific submittal and an U.S.
Nuclear Regulatory Commission (NRC) safety evaluation that documented and
approved the General Electric (GE) Nucltear Energy (GENE) methodology documented
in Section 4.3 and Appendices F, G, and H.

If the methodologies identified in the above sections and appendices are different than
those previously reviewed by the NRC staff, identify the difference between the
methodology approved by the NRC staff and the methodology documented in the TR.

If the computer codes used are different than those used in the prior plant-specific
submittals, identify the computer codes that were used in TR NEDC-33178P,
Revision 0. How were these codes benchmarked?

Appendix F provides an example of a calculation to determine the allowable
temperatures for recirculation inlet nozzles in the beltline. This appendix indicates that
the methodology utilized is that discussed in Section 4.3.2.1.4. Section 4.3.2.1.4
indicates that in a case where the total stress exceeds yield, a plasticity correction factor
is applied based on the recommendations of Welding Research Council Bulletin 175,
Section 5.C.3. Explain how this plasticity factor was utilized in the calculations
documented in Appendix F.

The Requirements for Methodology and Pressure Temperature Limit Report (PTLR)
table in Generic Letter 96-03, "Relocation of the Pressure Temperature Limit Curves
and Low Temperature Overpressure Protection System Limits," identifies the minimum
requirements to be included in the PTLR methodology and the minimum requirements to
be included in the PTLR. Discuss how the proposed PTLR methodotogy and PTLR
satisfy the minimum requirements identified in the table. If the PTLR methodology or

ENCLOSURE
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PTLR do not contain all the required information, revise the PTLR methodology and/or
the PTLR to include the required information.

Section 4.2 describes the method for calculating the adjusted reference
temperature (ART) for beltline materials. Appendix | provides guidance for evaluating

surveillance data. Section 4.2 does not indicate surveiliance that data is to be evaluated -

in accordance with Appendix |. Section 4.2 should be revised to indicate surveillance
data is to be evaluated in accordance with Appendix I.

Appendix |, Procedure 1, Step 3, “Determining Credibility of Surveillance Data,”
identifies information that the licensee should review to determine whether the data is
“credible” or “not credible”. In accordance with Regulatory Guide (RG) 1.99, Revision 2,
“Radiation Embrittlement of Reactor Vessel Materials” (Agencywide Documents Access
and Management System Accession No. ML003740284), the following criteria should
also be evaluated. These criteria should be added to this section of Appendix I.

a) Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of
the 30-foot-pound temperature and the upper-shelf energy unambiguously.

b) When there are two or more sets of surveiliance data from one reactor, the

scatter of ARTpr values about a best-fit line drawn as described in Regulatory
Position 2.1 normally should be less than 28 °F for welds and 17 °F for base
metal. Even if the fluence range is large (two or more orders of magnitude), the
scatter should not exceed twice those values.

Appendix |, Procedure 1, Step 3.(b) states: “If the vessel wall temperature is an outlier,
appropriate temperature adjustments to the surveillance data may be required.”

In order for this procedure to be utilized in the PTLR methodology, the NRC staff must
review the procedure for determining the adjustments to the surveillance data.
Therefore, the PTLR methodology must be revised to document a proposed procedure
for adjusting the surveillance data if the vessel wall temperature is an outlier. If the
adjustments to the surveillance data are not performed in accordance with the approved
procedure, then the PTLR methodology should indicate that the surveillance data
adjustments will not be used in the PTLR process.

Appendix |, “Definitions and Background” in Procedure 1 and Procedure 2 states: “For
generic values [of initial RTp;] of weld metal, the following generic mean values must
be used unless justification for different values is provided.”

In order for other generic values of initial RT,; to be utilized in the PTLR methodology,
the NRC staff must review the procedure for determining the best estimate initial RT -
Therefore, the PTLR methodology must be revised, either explicitly or by referencing a
previously approved methodology, to document the procedure for determining the initial
RTor - If the initial RT 57 are not determined in accordance with the approved
procedure, then the PTLR methodology should indicate that the methodology for
determining the initial RT5; will not be used in the PTLR process.



10.

-3-

Appendix |, Procedure 1 and Procedure 2, Step 5 states: "Revised best estimate
chemistries for selected BWR welds and plates have been calculated by the BWRVIP
[Boiling Water Reactor Vessel and Internals Project]. Calculation of the best estimate
chemistries for all other vessel materials is the responsibility of the plant.”

In order for this procedure to be utilized in the PTLR methodology, the NRC staff must
review the procedure for determining the best estimate chemistries for all beltline
materials and the results from the data. Therefore, the PTLR methodology must be
revised to document the BWRVIP procedure for determining the best estimate
chemistries. If the best estimate chemistries are not performed in accordance with the
approved procedure, then the PTLR methodology should indicate that the procedure for
determining best estimate chemistries will not be used in the PTLR process.

To ensure that the pressure-témperature limits have been developed using the
approved methodology, the following information should be included in the PTLR:

9.a. The method of determining the initial RTyr (i.e., American Society of Mechanical
Engineers Boiler and Pressure Vessel Code, generic letter, Branch Technical
Position-MTEB 5-2 in Standard Review Plan 5.3.2 in NUREG-0800, or other
NRC approved methodologies),

9.b.  The computer codes used in the finite element analysis to determine bending
and membrane stresses.

9.c. Identify whether Procedure 1 or Procedure 2 was utilized to evaluate the
surveillance data. If surveillance data was utilized, provide the surveillance data
and the analysis of the surveillance data that was used to determine the ART. If
surveillance data was not utilized, state why it was not utilized.

9.d. Identify whether any of the pressure-temperature limit curves were adjusted to
bound the analyses documented in the Section 4.3 or in accordance with
Attachment 1, Appendix G. Identify the required adjustment in each
pressure-temperature curve.

Section 4.1.1.3 indicates that a GE-developed methodology for determining the initial
RT\o7 Was submitted for generic approval in 1994 and approved by the NRC staff for
generic use. Section 4.12, "Values of Initial RT,5; and Lowest Service Temperature

(LST)," states: ‘

Where the lowest energy Charpy value is less than 50 ft-Ib, it is adjusted by
adding 2 °F per ft-Ib energy difference from 50 ft-Ib. If the test specimens are
transverse and the lowest value is less than 50 ft-Ib, it is adjusted by adding

3 °F per ft-Ib energy difference from 50 ft-Ibs.

The second sentence in the above statement is inconsistent with the example that
follows in this section. Please clarify whether the above statement is consistent with the
GE methodology that was approved by the NRC staff.
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Section 4.2.1 states: "The margin term o, as described above, is defined in RG 1.99;
this methodology is used except when Integrated Surveillance data from BWRVIP-135
is available, and BWRVIP-102 methods are applied."

Explain the above statement. The margin term used in determining the ART should be
calculated using the guidance in RG 1.99, Revision 2. The above statement implies that
the RG 1.99, Revision 2, methodology will be used to determine the margin except when
integrated surveillance data from BWRVIP-135 is available, and BWRVIP-102 methods
are applied. The NRC staff must approve the methodology for determining the margin
term, if it is different than those specified in RG 1.99, Revision 2. State whether the
methodology contained in this TR requires the margin term to be calculated using the
methodology in RG 1.99, Revision 2, and whether the methodology in BWRVIP-102 is
consistent with RG 1.99, Revision 2. If it is the intention of the BWROG to permit an
alternative method of calculating the margin term, the TR should indicate that licensees
must get NRC staff approval to use an alternative methodology for calculating the
margin term, prior to implementing PTLR pressure-temperature curves.
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Proprietary Notice

This letter forwards proprietary information

in accordance with 10CFR2.390. Upon removal
of Enclosure 1, the balance of this letter may be
considered non-proprietary.

Project Number 691
BWROG-07040
July 31, 2007

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

SUBJECT: Responses to Requests for Additional Information (RAIs) Dated June 15, 2007, Regarding the
BWROG Submittal of General Electric Nuclear Energy (GENE) Licensing Topical Report NEDC-
33178P, Revision 0, “General Electric Methodology for Development of Reactor Pressure-
Temperature Curves,” dated July 2006 (TAC No. MD2693)

ENCLOSURE:  Responses to RAls
Dear Sir:

Enclosed please find the BWROG responses (Enclosure) to the NRC Request for Additional Information on the
subject Topical Report NEDC-33178P. |Generic Letter 96-03 indicates that the curve/limits may be relocated
outside the technical specifications provided the parameters for constructing the curves/limits are derived using a
methodology approved by the NRC. Therefore, licensees need not re-perform the GE analysis provided that they
can certify the curves/limits contained in the PTLR were calculated in accordance with the methodology contained
in this topical report (once it is approved by NRC) and is in conformance with the guidelines of GL 96-03.] NRC
provided the RAISs for this report by letter dated June 15, 2007. We look forward to your timely review of these
responses, and would be happy to meet with you to discuss any remaining issues.

Please note that Enclosure 1 contains proprietary information of the type that GE-Hitachi Nuclear Energy
Americas LLC (GEH) maintains in confidence and withholds from public disclosure. The information has been
handled and classified as proprietary to GEH as indicated in the enclosed affidavit, which also is included in the
report. The affidavit contained in Enclosure 3 identifies that the information contained in Enclosure 1 has been
handled and classified as proprictary to GEH. GEH hereby requests that the information in Enclosure 1 be withheld
from public disclosure in accordance with the provisions of 10 CFR 2.390 and 9.17. Enclosure 2 is a non-
proprietary version of Enclosure 1.



BWROG-07040
July 31, 2007
Page 2

Should yoix have additional questions please contact Fred Emerson (BWROG Project Manager) at 910-675-5615 or
David Potter (BWROG PTC-GE Committee Chairman) at 763-295-1057.

Sincerely,

v

R. C. Bunt
BWR Owners” Group Chair

cc: D. Coleman, BWROG Vice Chair
Michelle Honcharik, NRC
BWROG Primary Representatives
BWROG PTC-GE Committee
F. Emerson, GEH



ENCLOSURE 2
BWROG-07040

Responses to NRC Requests for Additional Information (RAIs)

GE Licensing Topical Report NEDQ-33178, Revision 0, “General Electric Methodology
for Development of Reactor Pressure Vessel Pressure-Temperature Curves"

Non-Proprietary Version
IMPORTANT NOTICE

This is a non-proprietary version of Enclosure 1 to BWROG-07040, which has the proprietary
information removed. Portions of the document that have been removed are indicated by white
space with an open and closed bracket as shown here [[ 11



BWROG Response to NRC Request For Additional Information
BWR Owners’ Group Submittal Of General Electric Nuclear Energy (GENE) Licensing Topical
Report NEDC-33178P, Revision 0, “General Electric Methodology for Development of Reactor
Pressure-Temperature Curves,” Dated July 2006 (TAC No. MD2693)

fa. Section 4.3 and Appendices I, Gi, and H in the topical report describe the methodology for
determining pressure-temperature limit curves for the closure flange, core beltline, upper vessel
and lower vessel regions. The July 28, 2006 letter that submitted topical report NEDC-33178P,
Revision 0, indicates that licensees have utilized this methodology in the past. Identify a prior
plant-specific submittal and an Nuclear Regulatory Commission (NRC) safety evaluation that
documented and approved the General Electric Nuclear Energy (GENE) methodology
documented in Section 4.3 and Appendices F, G, and H of the-topical report.

1L.b. If the methodologies identified in the above sections and appendices are different than those
previously reviewed by the NRC, identify the difference between the methodology approved by the
staff and the methodology documented in topical report NEDC-33178P.

le If the computer codes used are different than those used in the prior plant-specific submittals,
identify the computer codes that were used in topical report NEDC-33178P, Revision 0. How
were these codes benchmarked?

Response to 1.a:
Appendix F discusses methodology used when a nozzle occurs within the defined beltline region. This

has been reported in P-T curve reports for Columbia (Reference 1), Duane Amold (Reference 2), LaSalle
Units 1 and 2 (References 3 and 4, respectively), and Limerick Units 1 and 2 (References 5 and 6,
respectively). At the time these reports were prepared, the beltline nozzle methodology was not presented
in a separate appendix; the methodology discussion was included in the report text itself.

Appendix G discusses methodology used when there is a thickness discontinuity in the vessel; evaluation
is performed to confirm that the P-T curves bound this discontinuity. This has been reported in Appendix
G of the P-T curve reports for Columbia (Reference 1), Fermi 2 (Reference 7), and LaSalle 1 (Reference
3).

Appendix H discusses methodology used for the Core-not-Critical curve for the Bottom Head region.
This has been reported in Appendix F of Dresden Units 2 and 3 (References 8 and 9, respectively) and
Quad Cities Units 1 and 2 (References 10 and 11, respectively) and Appendix G of LaSalle Units 1 and 2
(References 3 and 4, respectively).

Response to 1 .b:
The methodologies reported in References 1 through 11 noted in the Comment 1.a response represent the

same methodology presented in the topical report.

Response to 1.c:
The computer codes used in topical report NEDC-33178P are the same as those used in the prior plant-

specific submittals.



2. Appendix F provides an example of a calculation to determine the allowable temperatures for
recirculation inlet nozzles in the beltline. This appendix indicates that the methodology utilized is
that discussed in Section 4.3.2.1.4 of the topical report. Section 4.3.2.1.4 indicates that in a case
where the total stress exceeds yield, a plasticity correction factor is applied based on the
recommendations of Welding Research Council Bulletin 175 Section 5.C.3. Explain how this
plasticity factor was utilized in the calculations documented in Appendix F.

Response to 2:
Appendix F shall be replaced with the following revised text and example for clarity and to enhance the

example to demonstrate application of the correction factor, R, based on the recommendations of Welding
Research Council Bulletin 175 Section 5.C.3:

“For some plants, the definition of the extended beltline region as discussed in Appendix E causes other
components such as nozzles to be considered as part of the beltline region. In these cases, the materials
are included in the ART calculations presented in Table 4-2 of Attachment 1 and Appendix B of the .
PTLR. The P-T curves are evaluated using the basis for the [| 1] evaluation presented
in Sections {[ ]] for the Pressure Test case and the Core Not Critical case,
respectively. Plant-specific nozzle dimensions are used in these calculations. Additional discussion and
an example are provided in the sections below.

Pressure Test — Beltline Region Curve A (Using [[ D

The [[ 1] pressure test P-T curve is applied to the plant-specific [[
1] curve by shifting the P vs. (T-RTxpr) values in Section 4.3.2.1.3 to reflect the limiting nozzle ART
value from Table 4-2.

Core Not Critical Heatup/Cooldown — Beltline Region Curve B (Using [[
1]

Example Using a Nozzle at 1050 psig at a Given EIFPY

As an example using a Recirculation Inlet Nozzle, the primary membrane stresses are
scaled using the plant-specific nozzle geometry. The secondary thermal stresses for the [[ 1
are conservatively used for this nozzle. In this example, these stresses exceed yield, and are
adjusted using Equation 4-7 described in Section 4.3.2.1.4. From these stresses, Kj can be
determined. The stresses are scaled for various pressures and temperatures, similar to the scaling
used for the [[ ]] core not critical curve in Section 4.3.2.1.4. The primary
stresses are scaled by the nominal pressures, while the secondary stresses are scaled by the
temperature difference of the [[

I
Recirculation Inlet Nozzlet, = 5.25 inches, however, t, = 4.875 is conservatively used
F (a/r) =15
The [| ]] stresses are used for the Recirculation Inlet Nozzle; only the primary

membrane stress is scaled for the plant-specific vessel thickness, t,. At a pressure of 1050 psig and a
temperature of [[



]], exceeds the yield stress, Oy = 45 ksi; therefore, the correction
factor, R, is calculated to consider the nonlinear effects in the plastic region according to the following
equation based on the assumptions and recommendation of WRC Bulletin 175. Using Equation 4-7 from
Section 4.3.2.1.4, and the stresses given, the ratio, R = 0.40. Therefore, all of the stresses are adjusted by
the factor 0.40, except for opm. [[

1l

T can be calculated by adding the nozzle adjusted RTypr.”



3. The Requirements for Methodology and Pressure Temperature Limit Report (PTLR) table in
Generic Letter 96-03, “Relocation of the Pressure Temperature Limit Curves and Low
Temperature Overpressure Protection System Limits, ” identifies the minimum requirements to be
included in the PTLR methodology and the minimum requirements to be included in the PTLR.
Discuss how the proposed PTLR methodology and PTLR satisfy the minimum requirements
identified in the table. If the PI'LR methodology or PILR does not contain all the required
information, revise the PTLR methodology and/or the PTLR to include the required information.

Response to 3:

The following table includes the requirements as defined in GL 96-03, with the final column defining the
manner in which these requirements are satisfied by the topical report and/or the PTLR.

Provisions for
Methodology from
Administrative
Controls Section in
STS

Minimum
Requirements to be
Included in
Methodology

Minimum
Requirements to be
Included in PTLR

Compliance by NEDC-
33178P

1. The methodology
shall describe how the
neutron fluence is
calculated (reference
ncw rcgulatory guide
when it is issued).

Describe transport
calculation methods
including computer
codes and formulas used
to calculatc ncutron
fluence. Provide
references.

Provide the values of
neutron fluence that are
used in the adjusted
reference temperature
(ART) calculation.

Methodology: This is
not included in the
topical report as
demonstrated in Section
4212,

PTLR: The fluence
calculation is referenced
in Section 3 of
Attachment 2 of the
topical report.

2. The Reactor Vessel
Material Surveillance
Program shall comply
with Appendix H to
10 CFR Part 50. The
reactor vessel material
irradiation surveillance
specimen removal
schedule shall be

- provided, along with
how the specimen
examinations shall be
used to update the
PTLR curvcs.

Briefly describe the
surveillance program.
Licensee transmittal
letter should identify by
title and number report
containing the Reactor
Vessel Surveillance
Program and
surveillance capsule
reports. Topical/generic
report contains
placeholder only.
Reference Appendix H
to 10 CFR Part 50.

Provide the surveillance
capsule withdrawal
schedule, or reference
by title and number the
documents in which the
schedule is located.

Reference the
surveillance capsule
reports by title and
number if ARTs are
calculated using
surveillance data.

Methodology: This is
discussed in

Section 4.2.2 of the
topical report.

PTLR: This is provided
in Appendix C of the
PTLR provided in
Attachment 2 of the
topical report.




Provisions for Minimum Minimum Compliance by NEDC-
Methodology from Requirements to be Requirements to be 33178P
Administrative Included in Included in PTLR
Controls Section in Methodology
STS
3. Low temperature Describe how the LTOP | Provide setpoint curves | LTOP is not applicable
overpressure protection | system limits are or setpoint values. to BWRs. -
(LTOP) system limits calculated applying
developed using NRC- | system/thermal
approved methodologies | hydraulics and fracture
may be included in the | mechanics. Reference
PTLR. SRP Section 5.2.2;
ASME Code Case N-
514; ASME Code,
Appendix G, Section X1

as applied in accordance
with 10 CFR 50.55.

4. The adjusted
reference temperature
(ART) for each reactor
beltline material shall be
calculated, accounting
for irradiation
embrittlement, in
accordance with
Regulatory Guide 1.99,
Revision 2.

Describe the method for
calculating the ART
using Regulatory Guide
1.99, Revision 2.

Identify both the
limiting ART values
and limiting materials at
the 1/4T and 3/4T
locations (t = vessel
beltline thickness).

Methodologv: The
methods are described

in Section 4.2 of the
topical report.

PTLR: Tables that
define the limiting ART
values at 1/4T are
provided in Appendix B
of the PTLR in
Attachment 2 of the
topical report.

Section 4.3.1 of the
topical report explains
why 1/4T values bound
the 3/4T values.
Therefore, only 1/4T
values are presented.




Provisions for

Methodelogy from
Administrative

| Controls Section in

STS

Minimum
Requirements to be
Included in
Methodology

Minimum
Requirements to be
Included in PTLR

Compliance by NEDC-
33178P

5. The limiting ART
shall be incorporated
into the calculation of
the pressure and
temperature limit curves
in accordance with
NUREG-0800, SRP
Section 5.3.2, Pressure-
Temperature Limits.

Describe the application
of fracture mechanics in
constructing P/T curves
based on ASME Code,
Appendix G,

Section XI, and SRP
Section 5.3.2,

Provide the P/T curves
for heatup, cooldown,
criticality, and leak
tests.

Methodology: See
Section 4.3 of the

topical report.

PTLR: Figures 1 and 2
in the PTLR in
Attachment 2 of the
topical report arc
placeholders for the
plant-specific
heatup/cooldown for
hydrotest, core not
critical, and core critical
P/T curves. Examples
are provided in Section
5 of Attachment 1 of the
topical rcport.

6. The minimum
temperature
requirements of
Appendix G to 10 CFR
Part 50 shall be
incorporated into the
pressure and
temperature limit
curves.

Describe how the
minimum temperature
requirements in
Appendix G to 10 CFR
Part 50 are applied to
P/T curves.

Identify minimum
temperatures on the P/T
curves such as
minimum boltup
temperature and
hydrotest temperature.

Methodology: See
Section 4.3 of the

topical report.

PTLR: Figures 1 and 2
in the PTLR in
Attachment 2 of the
topical report are
placeholders for the
plant-specific P/T
curves. Examples of
P/T curves are seen in
Attachment 1, Section 5
of the topical report.




Provisions for
Methodology from
Administrative
Controls Section in
STS

Minimum
Requirements to be
Included in
Methodology

Minimum
Requirements to be
Included in PTLR

Compliance by NEDC-
33178P

7. Licensees who have
removed two or more
capsules should
compare for each
surveillance maternial the
measured increase in
reference temperature
(RTupr) to the predicted
increase in RTypr;
where the predicted
increase in RTypr is
based on the mean shift
in RTynrplus the two
standard deviation value
(2®,) specified in
Regulatory Guide 1.99,
Rcvision 2. If the
measured value exceeds
the predicted value
(increase in RTypr + 2
@), the licensee should
provide a supplement to
the PTLR to
demonstrate how the
results affect the
approved methodology.

Describe how the data
from multiple
surveillance capsules
are used m the ART
calculation.

Describe procedure if
measured value exceeds
predicted value.

WHEN OTHER
PLANT DATA ARE
USED

3. Identify the
source(s) of
data when other
plant data arc
used.

4. a. Identify by
title and number
the safety
evaluation
report that
approved the
use of data for
the plant.
Justify
applicability.

OR
3. b. Compare

licensee data
with other plant
data for both the
radiation
environments
(e.g., neutron
spectrum,
irradiation
temperature)
and the
surveillance test
results.

Provide supplemental
data and calculations of
the chemistry factor in
the PTLR if the
surveillance data are
used in the ART

“calculation.

Evaluate the
surveillance data to
determine if they meet
the credibility criteria in
Regulatory Guide 1.99,
Revision 2. Provide
results.

Methodology:
Section 4.2 and

Appendix I of the
topical report define the
methods used for
consideration of
surveillance data.

PTLR: See the ART
tables and Appendix A
of the PTLR in
Attachment 2 of the
topical report.




5. Section 4.2 describes the method for calculating the adjusted reference temperature for beltline
materials. Appendix I provides guidance for evaluating surveillance data. Section 4.2 does not
indicate surveillance data is to be evaluated in accordance with Appendix I. Section 4.2 should
be revised to indicate surveillance data is to be evaluated in accordance with Appendix I.

Response to 4:

The direction for use of surveillance data is found in Section 4.2.2 of NEDC-33178P. Additional
statements will be incorporated into Section 4.2 to direct the reader to Section 4.2.2 and Appendix I, as

follows:

“Surveillance material information, where available, shall be evaluated in accordance with Section 4.2.2

and Appendix [.”

5. Step 3, “Determining Credibility of Surveillance Data,” in Procedure 1 in Appendix I identifies
information that the licensee should review fo determine whether the data is “credible” or “not
credible”.

In accordance with Regulatory Guide (RG) 1.99, Revision 2, the following criteria should also be
evaluated:
a) Scatter in the plots of Charpy energy versus temperature for the irradiated and

b)

unirradiated conditions should be small enough to permit the determination of the
30-foot-pound lemperalure and the upper-shelf energy unambiguously.

When there are two or more sets of surveillance data from one reactor, the scatter of
URTypr values about a best- -fit line drawn as described in Regulatory Position 2.1
normally should be less than 28°F for welds and 17°F for base metal. Even if the fluence

range is large (two or more orders of magnitude), the scatter should not exceed twice

~ those values

These criteria should be added to this section of Appendix 1.

Response to 5:

The following two steps will be added to Step 3 in Procedure 1 of Appendix I:

“d)

Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of the
30 foot-pound temperature and the upper shelf energy unambiguously.

When there are two or more sets of surveillance data from one reactor, the scatter of
ARTypr values about a best-fit line drawn as described in Regulatory Guide, Revision 2,
Regulatory Position 2.1, normally should be less than 28°F for welds and 17°F for base
metal. Even if the fluence range is large (two or more orders of magnitude), the scatter
should not exceed twice those values. Even if the data fail this criterion for use in shift
calculations, they may be credible for determining decrease in upper shelf energy if the
upper shelf can be clearly determined, following the definition given in ASTM E185-82.



6. Step 3.(b) in Procedure 1 in Appendix I, indicates: “If the vessel wall temperature is an outlier,
appropriate temperature adjustments to the surveillance data may be required. *

In order for this procedure to be utilized in the PTLR methodology, the staff must review the
procedure for determining the adjustments to the surveillance data. Therefore, the PTLR
methodology must be revised to document a proposed procedure for adjusting the surveillance
data if the vessel wall temperature is an outlier. If the adjustments to the surveillance data are
not performed in accordance with the approved procedure, then the PTLR methodology should
indicate that the surveillance data adjustments will not be used in the PTLR process.

Response to 6:
Appendix I, Procedure 1, Step 3(b) will be revised as follows:

“b. If the vessel wall temperature is an outlier, appropriate temperature adjustments to the
surveillance data may be required. An appropriate temperature adjustment is a 1°F increase in
ORTypr per 1°F decrease in irradiation temperature [7]. Any temperature adjustments shall be
identified and described in the PTLR.”

7. Appendix I, “Definitions and Background” in Procedure 1 and Procedure 2 indicates: “For
genevic values [of initial RTypr] of weld metal, the following generic mean values must be used
unless justification for different values is provided.:”

In order for other generic values of initial RTypr 10 be utilized in the PTLR methodology, the siaff
must review the procedure for determining the best estimate initial RTypy. Therefore, the PTLR
methodology must be revised, either explicitly or by referencing a previously approved
methodology, to document the procedure for determining the initial RTypr . If the initial RTypr
are not determined in accordance with the approved procedure, then the PTLR methodology
should indicate that the methodology for determining the initial RTypr will not be used in the
PTLR process. '

Response to 7:
Thesc paragraphs will be rcviscd as follows:

“Initial  RTyxpr is the reference temperature for the unirradiated materials as defined in
Paragraph NB-2331 of Section III of the ASME Boiler and Pressure Vessel Code. Some plants have
measured values of initial RTypr; other plants use generic values. For generic values of weld metal, the
following generic mean values must be used: O0°F for welds made with Linde 80 flux, and -56°F for
welds made with Linde 0091, 1092, and 124 and ARCOS B-5 weld fluxes [6]. Other generic mean
values may be used, provided they arc justified and have NRC rcview and approval. The generic mean
values used shall be identified in the PTLR.”



Step 5 in Procedure | and Procedure 2 in Appendix I indicates:

“Revised best estimate chemistries for selected BWR welds and plates have been calculated by
the BWRVIP [Boiling Water Reactor Vessel and Internals Project]. Calculation of the best
estimate chemistries for all other vessel materials is the responsibility of the plant.”

In order for this procedure to be utilized in the PTLR methodology, the staff must review the
procedure for determining the best estimate chemistries for all beltline materials and the results
from the data. Therefore, the PTLR methodology must be revised to document the BWRVIP
procedure for determining the best estimate chemistries. If the best estimate chemistries are not
performed in accordance with the approved procedure, then the PTLR methodology should
indicate that the procedure for determining best estimate chemistries will not be used in the PTLR
process.

Response to 8:
The note in Step 5 of Procedure 1 and Step 3 of Procedure 2 will be revised as follows:

“Note: Revised best estimate chemistries for selected BWR vessel and surveillance capsule materials
have been calculated by the BWRVIP, as documented in BWRVIP-86-A [1]. Calculation of the best
estimate chemistries for all other vessel materials should be determined in accordance with the NRC
practice documented in [7]. The suggested practice is documented in guidelines contained in BWRVIP-
135. This evaluation is the responsibility of the plant, must be described in the PTLR, and must utilize
NRC-approved methods.”

Reference 7 will be added to Appendix I, Section 1.4 of the topical report as follows:

“Generic Letter 92-01 and RPV Integrity Assessment — Status, Schedule, and Issues”,
Presentation by K. Wichman, M. Mitchell, and A. Hiser at NRC/Industry Workshop on RPV
Integrity Issues, February 12, 1998,

10



9. To ensure that the pressure-temperature limits have been developed using the approved
methodology, the following information should be included in the PTLR:

a) The method of determining the initial RT\pr (i.e., ASME Code, Generic, Branch
Technical Position-MTEB 35-2 in Standard Review Plan 5.3.2 in NUREG-0800, or other
NRC approved methodologies).

b) The computer codes used in the finite element analysis to determine bending and
membrane stresses.

¢ Identify whether Procedure 1 or Procedure 2 was utilized to evaluate the surveillance
data. If surveillance data was utilized, provide the surveillance data and the analysis of
the surveillance data that was used to determine the adjusted reference temperature
(ART). Ifsurveillance data was not utilized, state why it was not utilized.

d) Identify whether any of the pressure-temperature limit curves were adjusted fo bound the
I ]] analyses documented in the Section 4.3 of the topical report or in
accordance with Attachment 1, Appendix G. ldentify the required adjustment in each
pressure-temperature curve.

Response to 9:
The use of computer codes in the GE methodology cited has been previously reviewed and accepted by

the NRC in RAIs presented during their review of the Dresden 2 & 3 P-T curve submittals (References 8
and 9) in 2003. Therefore, the modification to the PTLR requested in Item (b) above will reflect any new
computer codes used.

The following text will be added to Section 5.0 (Discussion) to address Items a through d above:

“The method for determining the initial RTwnr for all vessel materials is that defined in Section 4.1.2 of
Reference 6.2. [Any deviations from this methodology are discussed below.] Initial RTwpr values for all
vessel materials considered are presented in tables in this PTLR.”

“No ncw computcr codes have been used in the development of the P-T curves.” OR “The following
computer codes, which are not described in the topical report, have been used in developing the P-T
curves for [PLANT NAME].”

“For [PLANT NAME], the limiting material [HEAT #] considered Procedure [1] defined in Appendix 1
of Reference 6.2. This procedure was used because [the vessel material and the surveillance material are
identical heats]. [If surveillance data was utilized, provide the surveillance data and the analysis of the
surveillance data that was used to determine the adjusted reference temperature (ART). If surveillance
data was not utilized, state why it was not utilized.]”

“For [PLANT NAME)], there is a thickness discontinuity in the vessel [between the bottom head torus and

dollar plate]. The P-T curves defined in Section 4.3 of Reference 6.2 are based upon an RTypr of
[XXX]°F.”

11



10. Section 4.1.1.3 indicates that a GE developed methodology for determining the initial RT\pr was
submitted for generic approval in 1994 and approved by by the NRC for generic use. Section
4.12, “Values of Initial RTypr and Lowest Service Temperature (LST),” indicates:

Where the lowest energy Charpy value is less than 50 fi-1b, it is adjusted by
adding 2°F per fi-lb energy difference from 50 fi-lb. If the test specimens
are transverse and the lowest value is less than 50 fi-1b, it is adjusted by
adding 3°F per fi-lb energy difference from 50 fi-lbs.

The second sentence in the above statement is inconsistent with the example that follows in this
section. Please clarify whether the above statement is consistent with the GE methodology that
was approved by the NRC.

Response to 10:
The example presented represents only the longitudinal specimen method. To further clarify, a second

example for the plate material will be added to this section to demonstrate the methodology for a
transverse specimen. The methodology used for the transverse specimens is consistent with that
methodology defined in NEDC-32399P; this additional process was added to account for older plants
where all of the ASME Code requirements were not met.

“A second example, for a plate material based upon transverse specimens, is seen below.

The lowest Charpy energy and test temperature from the CMTRs are 47 fi-Ib and 10°F. The estimated
transverse 50 ft-1b test temperature is:

Tsor = 10°F + [ (50 — 47) fi-1b * 3°F/ft-1b ] = 19°F
The initial RTypry is the greater of NDT or (Tsor — 60°F).
Tsor — 60°F = 19°F - 60°F = -41°F

Dropweight testing to establish NDT for plate material is listed in the CMTR; the NDT for this material is
—20°F. Thercfore, the initial RTypr for this platc heat is —20°F. .

12
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Section 4.2.1 indicates:

The margin term o, as described above, is defined in RG 1.99: this methodology
is used except when Integrated Surveillance data from BWRVIP-135 is available,
and BWRVIP-102 methods are applied.

The margin term used in determining the adjusted reference temperature (ART) should be
calculated using the guidance in RG 1.99, Revision 2. The above statement implies that the RG
1.99. Revision 2 methodology will be used to determine the margin except when Integrated
Surveillance data from BWRVIP-135 is available, and BWRVIP-102 methods are applied.

The staff must approve the methodology for determining the margin term, if it is different than
those specified in RG 1.99, Revision 2.

a) Explain the above statement. State whether the methodology contained in this topical
report requires the margin term to be calculated using the methodology in RG 1.99, Revision 2
and whether the methodology in BWRVIP-102 is consistent with RG 1.99, Revision 2. Ifit is the
intension of the BWROG to permit an alternative method of calculating the margin term, the
topical report must indicate that licensees must get staff approval fo use an alternative
methodology for calculating the margin term, prior to implementing PTLR pressure-femperature
curves.

Response to 11.a;

This statement was intended to indicate that RG1.99 is to be used to determine the margin term, and that
the procedures of BWRVIP-102 should be followed to incorporate surveillance data from the ISP. For
clarity, the sentence will be reworded as follows:

“The margin term o,, as described above, is defined in RG 1.99. When Integrated Surveillance
Program data from BWRVIP-135 [5] are available, BWRVIP-102 [5] provides guidance with
respect to applying the requirements of RG1.99 to this data. Appendix I of this report also
contains guidance regarding the application of surveillance data.”

13
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Dear Sir:
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proprietary version of Enclosure 1.
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BWROG Response to NRC Request For Additional Information
BWR Owners’ Group Submittal Of General Electric Nuclear Energy (GENE) Licensing Topical
Report NEDC-33178P, Revision 0, “General Electric Methodology for Development of Reactor
Pressure-Temperature Curves,” Dated July 2006 (TAC No. MD2693)

la. Section 4.3 and Appendices I', G, and H in the topical report describe the methodology for
determining pressure-lemperature limit curves for the closure flange, core beltline, upper vessel
and lower vessel regions. The July 28, 2006 letter that submitted topical report NEDC-33178P,
Revision 0, indicates that licensees have utilized this methodology in the past. Identify a prior
plant-specific submittal and an Nuclear Regulatory Commission (NRC) safety evaluation that
documented and approved the General Electric Nuclear Energy (GENE) methodology
documented in Section 4.3 and Appendices F, G, and H of the topical report.

1.b. If the methodologies identified in the above sections and appendices are different than those
previously reviewed by the NRC, identify the difference between the methodology approved by the
staff and the methodology documented in topical report NEDC-33178P.

l.c If the computer codes used are different than those used in the prior plant-specific submittals,
identify the computer codes that were used in topical report NEDC-33178P, Revision 0. How
were these codes benchmarked?

Response to 1.a:
Section 4.3 and Appendix F discuss methodology used when a nozzle occurs within the defined beltline

region. This has been reported in P-T curve reports for Columbia (Reference 1), Duane Amold
(Reference 2), LaSalle Units 1 and 2 (References 3 and 4, respectively), and Limerick Units 1 and 2
(References 5 and 6, respectively). At the time these reports were prepared, the beltline nozzle
methodology was not presented in a separate appendix; the methodology discussion was included in the
report text itself.

Appendix G discusses methodology used when there 1s a thickness discontinuity in the vessel; evaluation
is performed to confirm that the P-T curves bound this discontinuity. This has been reported in
Appendix G of the P-T curve reports for Columbia (Reference 1), Fermi 2 (Reference 7), and LaSalle 1
(Reference 3). -

Section 4.3 and Appendix H discuss methodology used for the Core-not-Critical curve for the Bottom
Head region. This has been reported in Appendix F of Dresden Units 2 and 3 (References 8 and 9,
respectively) and Quad Cities Units 1 and 2 (References 10 and 11, respectively) and Appendix G of
LaSalle Units 1 and 2 (References 3 and 4, respectively).

Response to 1.b:
The methodologies reported in References 1 through 11 noted in the Comment 1.a response represent the

same methodology presented in the topical report.

Response to 1.c:
The computer codes used in topical report NEDC-33178P are the same as those used in the prior plant-

specific submittals.



2. Appendix F provides an example of a calculation to determine the allowable temperatures for
recirculation inlet nozzles in the beltline. This appendix indicates that the methodology utilized is
that discussed in Section 4.3.2.1.4 of the topical report. Section 4.3.2.1.4 indicates that in a case
where the total stress exceeds yield, a plasticity correction factor is applied based on the
recommendations of Welding Research Council Bulletin 175 Section 5.C.3. Explain how this
plasticity factor was utilized in the calculations documented in Appendix F.

Response to 2:

Appendix F shall be replaced with the following revised text and example for clarity and to enhance the
example to demonstrate application of the correction factor, R, based on the recommendations of Welding
Research Council Bulletin 175 Section 5.C.3:

“For some plants, the definition of the extended beltline region as discussed in Appendix E causes other
components such as nozzles to be considered as part of the beltline region. In these cases, the materials
are included in the ART calculations presented in Table 4-2 of Attachment 1 and Appendix B of the
PTLR. The P-T curves are evaluated using the basis for the [[ 1] evaluation presented
in Sections [[ 1] for the Pressure Test case and the Core Not Critical case,
respectively. Plant-specific nozzle dimensions are used in these calculations. Additional discussion and
an example are provided in the sections below.

Pressure Test — Beltline Region Curve A (Using [[ 1D

The [[ 1] pressure test P-T curve is applied to the plant-specific []
1] curve by shifting the P vs. (T-RTxpr) values in Section 4.3.2.1.3 to reflect the limiting nozzle ART
value from Table 4-2 of Attachment 1 and Appendix B of the PTLR.
Core Not Critical Heatup/Cooldown — Beltline Region Curve B (Using [[
1]

Example Using a Nozzle at 1050 psig at a Given EFPY

As an example using a Recirculation Inlet Nozzle, the primary membrane stresses are

scaled using the plant-specific nozzle geometry. The secondary thermal stresses for the [[ 11
are conservatively used for this nozzle. In this example, these stresses exceed yield, and are
adjusted using Equation 4-7 described in Section 4.3.2.1.4. From these stresses, Kj can be
determined. The stresses are scaled for various pressures and temperatures, similar to the scaling
used for the [[ 1] core not critical curve in Section 4.3.2.1.4. The primary
stresses are scaled by the nominal pressures, while the secondary stresses are scaled by the
temperature difference of the [|

11
Recirculation Inlet Nozzle t, = 5.25 inches, however, t, = 4.875 is conservatively used
F (a/r,) =15
The [] |] stresses are used for the Recirculation Inlet Nozzle; only the primary

membrane stress is scaled for the plant-specific vessel thickness, t,. At a pressure of 1050 psig and a
temperature of [[



1], exceeds the yield stress, Gy = 45 ksi; therefore, the correction
factor, R, is calculated to consider the nonlinear effects in the plastic region according to the following
equation based on the assumptions and recommendation of WRC Bulletin 175. Using Equation 4-7 from
Section 4.3.2.1.4, and the stresses given, the ratio, R = 0.40. Therefore, all of the stresses are adjusted by

the factor 0.40, except for opm. [[

1l v
T can be calculated by adding the nozzle adjusted RTypr.”



3 The Requirements for Methodology and Pressure Temperature Limit Report (PTLR) table in
Generic Letter 96-03, “Relocation of the Pressure Temperature Limit Curves and Low
Temperature Overpressure Protection System Limits,” identifies the minimum requirements to be
included in the PTLR methodology and the minimum requirements to be included in the PTLR.
Discuss how the proposed PTLR methodology and PTLR satisfy the minimum requirements
identified in the table. Ifthe PTLR methodology or P1LR does not contain all the required
information, revise the PTLR methodology and/or the PTLR to include the required information.

Response to 3:

The following table includes the requirements as defined in GL 96-03, with the final column defining the
manner in which these requirements are satisfied by the topical report and/or the PTLR.

Provisions for
Methodology from
Administrative
Controls Section in
STS

Minimum
Requirements to be
Included in
Methodology

Minimum
Requirements to be
Included in PTLR

Compliance by NEDC-
33178P

1. The methodology
shall describe how the
neutron fluence is
calculated (reference
ncw regulatory guide
when it is issued).

Describe transport
calculation methods
including computer
codes and formulas used
to calculatc ncutron
fluence. Provide
references.

Provide the values of
neutron fluence that are
used in the adjusted
reference temperature
(ART) calculation.

Methodology: This is
not included in the
topical report as
demonstrated in Section
4212,

PTLR: The fluence
calculation is referenced
in Section 3 of
Attachment 2 of the
topical report.

2. The Reactor Vessel
Matenal Surveillance
Program shall comply
with Appendix H to
10 CFR Part 50. The
reactor vessel material
irradiation surveillance
specimen removal
schedule shall be
provided, along with
how the specimen
examinations shall be
used to update the
PTLR curvcs.

Briefly describe the
surveillance program.
Licensee transmittal
letter should identify by
title and number report
containing the Reactor
Vessel Surveillance
Program and
surveillance capsule
reports. Topical/generic
report contains
placeholder only.
Reference Appendix H
to 10 CFR Part 50.

Provide the surveillance
capsule withdrawal
schedule, or reference
by title and number the
documents in which the
schedule is located.

Reference the
surveillance capsule
reports by title and
number if ARTs are
calculated using
surveillance data.

Methodology: This is
discussed in

Section 4.2 .2 of the
topical report.

PTLR: This is provided
in Appendix C of the
PTLR provided in
Attachment 2 of the
topical report.




Provisions for Minimum Minimum Compliance by NEDC-
Methodology from Requirements to be Requirements to be 33178P
Administrative Included in Included in PTLR
Controls Section in Methodology
STS
3. Low temperature Describe how the LTOP | Provide setpoint curves | LTOP is not applicable
overpressure protection | system limits are or setpoint values. to BWRs.
(L.TOP) system limits calculated applying
developed using NRC- | system/thermal
approved methodologies | hydraulics and fracture
may be included in the | mechanics. Reference
PTLR. SRP Section 52.2;
ASME Code Case N-

514; ASME Code,
Appendix G, Section XI

as applied in accordance
with 10 CFR 50.55.

4. The adjusted
reference temperature
(ART) for each reactor
beltline material shall be
calculated, accounting
for irradiation
embrittlement, in
accordance with
Regulatory Guide 1.99,
Revision 2.

Describe the method for
calculating the ART
using Regulatory Guide
1.99, Revision 2.

Identify both the
limiting ART values
and limiting materials at
the 1/4T and 3/4T
locations (t = vessel
beltline thickness).

Methodology: The
methods are described

in Section 4.2 of the
topical report.

PTLR: Tables that
define the limiting ART
values at 1/4T are
provided in Appendix B
of the PTLR in
Attachment 2 of the
topical report.

Section 4.3.1 of the
topical report explains
why 1/4T values bound
the 3/4T values.
Therefore, only 1/4T
values are presented.




Provisions for
Methodology from
Administrative
Controls Section in
STS

Minimum
Requirements to be
Included in
Methodology

Minimum
Requirements to be
Included in PTLR

Compliance by NEDC-
33178P

5. The limiting ART
shall be incorporated
into the calculation of
the pressure and
temperature limit curves
in accordance with
NUREG-0800, SRP
Section 5.3.2, Pressure-
Temperature Limits.

Describe the application
of fracture mechanics in
constructing P/T curves
based on ASME Code,
Appendix G,

Section X1, and SRP
Section 5.3.2.

Provide the P/T curves
for heatup, cooldown,
criticality, and leak
tests.

Methodology: See
Section 4.3 of the

topical report.

PTLR: Figures 1 and 2
in the PTLR in
Attachment 2 of the
topical report are
placeholders for the
plant-specific
heatup/cooldown for
hydrotest, core not ,
critical, and core critical
P/T curves. Examples
are provided n Section
5 of Attachment 1 of the
topical rcport.

6. The minimum
temperature
requirements of
Appendix G to 10 CFR
Part 50 shall be
incorporated into the
pressure and
temperature limit
curves.

Describe how the
minimum temperature
requirements in
Appendix G to 10 CFR
Part 50 are applied to
P/T curves.

Identify minimum
temperatures on the P/T
curves such as
minimum boltup
temperature and
hydrotest temperature.

Methodology: See
Section 4.3 of the

topical report.

PTLR: Figures 1 and 2
in the PTLR in
Attachment 2 of the
topical report are
placeholders for the
plant-specific P/T
curves. Examples of
P/T curves are seen in
Attachment 1, Section 5
of the topical report.




Provisions for Minimum Minimum Compliance by NEDC-
Methodology from ‘Requirements to be Requirements to be 33178P
Administrative Included in Included in PTLR

Controls Section in Methodology

STS

7. Licensees who have | Describe how the data Provide supplemental Methodology:

removed two or more from multiple data and calculations of | Section 4.2 and
capsules should surveillance capsules the chemistry factor in Appendix I of the

compare for each
surveillance material the
measured increase in
reference temperature
(RTupr) to the predicted
increase in RTypr;
where the predicted
increase in RTypr 1S
based on the mean shift
in RTynr plus the two
standard deviation value
(2d,) specified in
Regulatory Guide 1.99,
Rcvision 2. Ifthe
measured value exceeds
the predicted value
(increase in RTypr + 2
®D.), the licensee should
provide a supplement to
the PTLR to
demonstrate how the
results affect the
approved methodology.

are used in the ART
calculation.

Describe procedure if
measured value exceeds
predicted value.

WHEN OTHER
PLANT DATA ARE
USED

3. Identify the
source(s) of
data when other
plant data arc
used.

4. a.Identify by
title and number
the safety
evaluation
report that
approved the
use of data for
the plant.
Justify
applicability.

OR
3. b. Compare

licensee data
with other plant
data for both the
radiation
environments
(e.g., neutron
spectrum,
irradiation
temperature)
and the
surveillance test
results.

the PTLR if the
surveillance data are
used in the ART
calculation.

Evaluate the
surveillance data to
determine if they meet
the credibility criteria in
Regulatory Guide 1.99,
Revision 2. Provide
results.

topical report define the
methods used for
consideration of
surveillance data.

PTLR: See the ART
tables and Appendix A
of the PTLR in
Attachment 2 of the
topical report.




5. Section 4.2 describes the method for calculating the adjusted reference temperature for beltline
materials. Appendix I provides guidance for evaluating surveillance data. Section 4.2 does not
indicate surveillance data is to be evaluated in accordance with Appendix 1. Section 4.2 should
be revised to indicate surveillance data is to be evaluated in accordance with Appendix 1.

Response to 4:

The direction for use of surveillance data is found in Section 4.2.2 of NEDC-33178P. Additional
statements will be incorporated into Section 4.2 to direct the reader to Section 4.2.2 and Appendix I, as

follows:

“Surveillance material information, where available, shall be evaluated in accordance with Section 4.2.2
and Appendix [.”

5. Step 3, “Determining Credibility of Surveillance Data,” in Procedure [ in Appendix I identifies
information that the licensee should review to determine whether the data is “credible” or “not
credible”.

In accordance with Regulatory Guide (RG) 1.99, Revision 2, the following criteria should also be
evaluated:

a)

b)

Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of the
30-foot-pound temperature and the upper-shelf energy unambiguously.

When there are two or more sets of surveillance data from one reactor, the scatter of
URTypr values about a best-fit line drawn as described in Regulatory Position 2.1
normally should be less than 28°F for welds and 17°F for base metal. Even if the fluence
range is large (two or more orders of magnitude), the scatter should not exceed twice
those values

These criteria should be added to this section of Appendix 1.

Response to 5:

The following two steps will be added to Step 3 in Procedure 1 of Appendix I:

“d)

Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of the
30 foot-pound temperature and the upper shelf energy unambiguously.

When there are two or more sets of surveillance data from one reactor, the scatter of
ARTypr values about a best-fit line drawn as described in Regulatory Guide, Revision 2,
Regulatory Position 2.1, normally should be less than 28°F for welds and 17°F for base
metal. Even if the fluence range is large (two or more orders of magnitude), the scatter
should not exceed twice those values. Even if the data fail this criterion for use in shift
calculations, they may be credible for determining decrease in upper shelf energy if the
upper shelf can be clearly determined, following the definition given in ASTM E185-82.”



0. Step 3.(b) in Procedure 1 in Appendix I, indicates: “If the vessel wall temperature is an outlier,
appropriate temperature adjustments to the surveillance data may be required.

In order for this procedure to be utilized in the PTLR methodology, the staff must review the
procedure for determining the adjustments to the surveillance data. Therefore, the PTLR
methodology must be revised to document a proposed procedure for adjusting the surveillance
data if the vessel wall temperature is an outlier. If the adjustments to the surveillance data are
not performed in accordance with the approved procedure, then the PTLR methodology should
indicate that the surveillance data adjustments will not be used in the PTLR process.

Response to 6:
Appendix I, Procedure 1, Step 3(b) will be revised as follows:

“b. If the vessel wall temperature is an outlier, appropriate temperature adjustments to the
surveillance data may be required. An appropriate temperature adjustment is a 1°F increase in
ORTwpr per 1°F decrease in irradiation temperature [7]. Any temperature adjustments shall be
identified and described in the PTLR.”

7. Appendix I, “Definitions and Background” in Procedure 1 and Procedure 2 indicates: “For
generic values [of initial RTypr] of weld metal, the following generic mean values must be used
unless justification for different values is provided:”

In order for other generic values of initial RTypr fo be utilized in the PTLR methodology, the staff
must review the procedure for determining the best estimate initial RTypr. Therefore, the PTLR
methodology must be revised, either explicitly or by referencing a previously approved
methodology, to document the procedure for determining the initial RTypr . If the initial RTypr
are not determined in accordance with the approved procedure, then the PTLR methodology
should indicate that the methodology for determining the initial RTypr will not be used in the
PTLR process.

Response to 7:
Thesc paragraphs will be roviscd as follows:

“Initial RTnpr is the reference temperature for the unirradiated materials as defined in
Paragraph NB-2331 of Section III of the ASME Boiler and Pressure Vessel Code. Some plants have
measured values of initial RTypr; other plants use generic values. For generic values of weld metal, the
following generic mean values must be used: 0°F for welds made with Linde 80 flux, and —56°F for
welds made with Linde 0091, 1092, and 124 and ARCOS B-5 weld fluxes [6]. Other generic mean
values may be used, provided they are justified and have NRC review and approval. The generic mean
values used shall be identified in the PTLR.”



Step 5 in Procedure 1 and Procedure 2 in Appendix I indicates:

“Revised best estimate chemistries for selected BWR welds and plates have been calculated by
the BWRVIP [Boiling Water Reactor Vessel and Internals Project]. Calculation of the best
estimate chemistries for all other vessel materials is the responsibility of the plant.”

In order for this procedure to be utilized in the PTLR methodology, the staff must review the
procedure for determining the best estimate chemistries for all beltline materials and the results
from the data. Therefore, the PTLR methodology must be revised to document the BWRVIP
procedure for determining the best estimate chemistries. If the best estimate chemistries are not
performed in accordance with the approved procediwre, then the PTLR methodology should
indicate that the procedure for determining best estimate chemistries will not be used in the PTLR
process.

Response to 8:
‘The note in Step 5 of Procedure 1 and Step 3 of Procedure 2 will be revised as follows:

“Note: Revised best estimate chemistries for selected BWR vessel and surveillance capsule materials
have been calculated by the BWRVIP, as documented in BWRVIP-86-A [1]. Calculation of the best
estimate chemistries for all other vessel materials should be determined in accordance with the NRC
practice documented in [7]. The suggested practice is documented in guidelines contained in BWRVIP-
135. This evaluation is the responsibility of the plant, must be described in the PTLR, and must utilize
NRC-approved methods.”

Reference 7 will be added to Appendix I, Section 1.4 of the topical report as follows:

‘;Generic Letter 92-01 and RPV Integrity Assessment — Status, Schedule, and Issues”,
Presentation by K. Wichman, M. Mitchell, and A. Hiser at NRC/Industry Workshop on RPV
Integrity Issues, February 12, 1998.
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9. To ensure that the pressure-temperature limits have been developed using the approved
methodology, the following information should be included in the PTLR:

a) The method of determining the initial RTypr (i.e., ASME Code, Generic, Branch
Technical Position-MTEB 5-2 in Standard Review Plan 5.3.2 in NUREG-0800, or other
NRC approved methodologies),

b) The computer codes used in the finite element analysis to determine bending and
membrane stresses.

¢ Identify whether Procedure 1 or Procedure 2 was utilized to evaluate the surveillance
data. If surveillance data was utilized, provide the surveillance data and the analysis of
the surveillance data that was used to determine the adjusted reference temperature
(ART). If surveillance data was not utilized, state why it was not utilized.

d) Identify whether any of the pressure-temperature limit curves were adjusted to bound the
I ]] analyses documented in the Section 4.3 of the topical report or in
accordance with Attachment 1, Appendix G. Identify the required adjustment in each
pressure-femperature curve.

Response to 9:
The use of computer codes in the GE methodology cited has been previously reviewed and accepted by

the NRC in RAISs presented during their review of the Dresden 2 & 3 P-T curve submittals (References 8
and 9) in 2003. Therefore, the modification to the PTLR requested in Item (b) above will reflect any new
computer codes used.

The following text will be added to Section 5.0 (Discussion) in Attachment 2, “P'ressure-Temperature
Limit Report (PTLR)” to address Items a through d above:

“The method for determining the initial RTypr for all vessel matenals is that defined in Section 4.1.2 of
Reference 6.2. [Any deviations from this methodology are discussed below.] Initial RTypr values for all
vessel materials considered are presented in tables in this PTLR.”

“No new computer codes have been used in the development of the P-T curves.” OR “The following
computer codes, which are not described in the topical report, have been used in developing the P-T
curves for [PLANT NAME].”

“For [PLANT NAME], the limiting material [HEAT #] considered Procedure [1] defined in Appendix I
of Reference 6.2. This procedure was used because [the vessel material and the surveillance material are
identical heats]. [If survcillance data was utilized, provide the surveillance data and the analysis of the
surveillance data that was used to determine the adjusted reference temperature (ART). If surveillance
data was not utilized, state why it was not utilized.]” ’

“For [PLANT NAME], there is a thickness discontinuity in the vessel [between the bottom head torus and
dollar plate]. This discontinuity [resulted in an increase of XX°F in the RTypr OR remains bounded by
the RTwpr calculated in Section 4.3 of Reference 6.2]. The P-T curves defined in Section 4.3 of
Reference 6.2 are based upon an RTypr of [ XXX]°F.”
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10. Section 4.1.1.3 indicates that a GE developed methodology for determining the initial RTypr was
submitted for generic approval in 1994 and approved by by the NRC for generic use. Section
4.12, “Values of Initial RTxpr and Lowest Service Temperature (LST),” indicates:

Where the lowest energy Charpy value is less than 50 fi-1b, it is adjusted by
adding 2°F per fi-lb energy difference from 50 fi-lb. If the test specimens
are transverse and the lowest value is less than 50 fi-1b, it is adjusted by
adding 3°F per fi-1b energy difference from 50 fi-ibs.

The second sentence in the above statement is inconsistent with the example that follows in this
section. Please clarify whether the above statement is consistent with the GE methodology that
was approved by the NRC.

Response to 10:
The example presented represents only the longitudinal specimen method. To further clarify, a second

example for the plate material will be added to this section to demonstrate the methodology for a
transverse specimen. The methodology used for the transverse specimens is consistent with that
methodology defined in NEDC-32399P; this additional process was added to account for older plants
where all of the ASME Code requirements were not met.

“A second example, for a plate material based upon transverse specimens, is seen below.

The lowest Charpy energy and test temperature from the CMTRs are 47 ft-1b and 10°F. The estimated
transverse 50 ft-1b test temperature is:

Tsor = 10°F + [ (50 — 47) ft-1b * 3°F/ft-1b | = 19°F
The initial RTypr is the greater of NDT or (Tsor — 60°F).
Tsor — 60°F = 19°F - 60°F = -41°F

Dropweight testing to establish NDT for plate material is listed in the CMTR; the NDT for this material is
—20°F. Thercfore, the initial RTypr for this platc heat is —20°F.
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11

Section 4.2.1 indicates:

The margin term o, as described above, is defined in RG 1.99: this methodology
is used except when Integrated Surveillance data from BWRVIP-135 is available,
and BWRVIP-102 methods are applied.

The margin term used in determining the adjusted reference temperature (ART) should be
calculated using the guidance in RG 1.99, Revision 2. The above statement implies that the RG
1.99, Revision 2 methodology will be used to determine the margin except when Integrated
Surveillance data from BWRVIP-135 is available, and BWRVIP-102 methods are applied.

The staff must approve the methodology for determining the margin term, if it is different than
those specified in RG 1.99, Revision 2.

a) Explain the above statement. State whether the methodology contained in this topical
report requires the margin term to be calculated using the methodology in RG 1.99, Revision 2
and whether the methodology in BWRVIP-102 is consistent with RG 1.99, Revision 2. If it is the
intension of the BWROG to permit an alternative method of calculating the margin term, the
topical report must indicate that licensees must get staff approval to use an alternative
methodology for calculating the margin term, prior to implementing PTLR pressure-temperature
curves.

Response to 11.a:

This statement was intended to indicate that RG1.99 is to be used to determine the margin term, and that
the procedures of BWRVIP-102 should be followed to incorporate surveillance data from the ISP. For
clarity, the sentence will be reworded as follows:

“The margin term o,, as described above, is defined in RG 1.99. When Integrated Surveillance
Program data from BWRVIP-135 [5] are available, BWRVIP-102 [5] provides guidance with
respect to applying the requirements of RG1.99 to this data. Appendix I of this report also
contains guidance regarding the application of surveillance data.”
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SUPPLEMENTAL REQUEST FOR ADDITIONAL INFORMATION
NEDC-33178P

Section 4.3.2.1.3 of NEDC-33178P, presents the pressure-temperature (P-T) limit
methodology for “Pressure Test - Non-Beltline Curve A (Using Feedwater Nozzle/Upper
Vessel Region)”. Table 4-4a in NEDC-33178P indicates that the water level instrument
nozzle would have an allowable T-RTypr value of 56°F less than the value for the
feedwater nozzle. The NRC staff has performed its own calculations to confirm that the
feedwater nozzle is more limiting than the water level instrument nozzle. In the NRC
staff’s calculation, the nominal stress due to pressure was calculated using
p(pressure).r(vessel radius)/t(vessel thickness) because the postulated crack can take
any orientation. To reflect the geometry of a hole, a stress concentration factor of 3 was
used. As to the stress intensity factor, or K, calculation, the NRC staff noticed the
similarity between the water level instrumentation penetration and the control rod drive
(CRD) penetrations (Section 4.3.2.1.1) and used the American Society of Mechanical
Engineers (ASME) Code methodology presented on Page 24 of the NEDC-33178P. The
NRC staff's analysis indicated that the water level instrumentation nozzle should have
greater T-RTwnpr values than the feedwater nozzle during pressure test. A K solution for
a corner flaw from NEDE-21821-A, “Boiling Water Reactor Feedwater Nozzle/Sparger
Final Report,” was also used, and the conclusion remains the same. The NRC staff’'s
calculation for “Core Not Critical Heatup/Cooldown - Non-Beltline Curve B (Using
Feedwater Nozzle/Upper Vessel Region),” again showed that the water level
instrumentation nozzle is limiting. Please address the NRC staff’'s concern and revise
NEDC-33178P accordingly.

NOTE BY GEH: Formal responses for this RAl were not provided. Instead, the revised
report was provided, which addresses this question.

ENCLOSURE
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GE-Hitachi Nuclear Energy Americas LLC -
AFFIDAVIT

I, James F. Harrison, state as follows:

(1) 1 am Vice President, Fuel Licensing, Regulatory Affairs, GE Hitachi Nuclear Energy
Americas LLC (“GEH”), have been delegated the function of reviewing the information
described in paragraph (2) which is sought to be withheld, and have been authorized to
apply for its withholding.

(2) The information sought to be withheld is contained in NEDC-33178P-A, Revision 1, “GE
Hitachi Nuclear Energy Methodology for Development of Reactor Pressure Vessel
Pressure-Temperature Curves," Class 11, June 2009. GEH proprietary information in
NEDC-33178P-A, Revision 1 which is entitled “GE Hitachi Nuclear Energy Methodology
for Development of Reactor Pressure Vessel Pressure-Temperature Curves,” is identified by
and large equation objects containing GEH proprietary information are identified with
double square brackets before and after the object. In each case, the superscript notation ***
refers to Paragraph (3) of this affidavit, which provides the basis for the proprietary
determination. -

(3) "In making this application for withholding of proprietary information of which it is the
owner or licensee, GEH relies upon the exemption from disclosure set forth in the Freedom
of Information Act (“FOIA™), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 USC
Sec. 1905, and NRC regulations 10: CFR 9.17(a)(4), and 2.390(a)(4) for “trade secrets”
(Exemption 4). The material for which exemption from disclosure is here sought also
qualify under the narrower definition of “trade secret”, within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy
Project v. Nuclear Regulatory Commission, 975F2d871 (DC Cir. 1992), and Public Citizen
Health Research Group v. FDA, 704F2d1280 (DC Cir. 1983).

(4) Some examples of categories of information, which fit into the definition of proprietary
information, are:

a. Information that discloses a process, method, or apparatus, including supporting data
and analyses, where prevention of its use by GEH's competitors without license from
GEH constitutes a competitive economic advantage over other companies;

b. Information, which if used 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 of a similar product;
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)

(6)

)

®)

c. Information, which reveals aspects of past, present, or future GEH customer-funded

development plans and programs, resulting in potential products to GEH;

d. Information, which discloses patentable subject matter for which it may be desirable to

obtain patent protection.

The information sought to be withheld is considered to be proprietary for the reasons set
forth in paragraphs (4)a. and (4)b. above.

To address 10 CFR 2.390(b)(4), the information sought to be withheld is being submitted to
NRC in confidence. The information is of a sort customarily held in confidence by GEH,
and is in fact so held. The information sought to be withheld has, to the best of my
knowledge and belief, consistently been held in confidence by GEH, no public disclosure
has been made, and it is not available in public sources. All disclosures to third parties,
including any required transmittals to NRC, have been made, or must be made, pursuant to
regulatory provisions or proprietary agreements which provide for maintenance of the
information in confidence. Its initial designation as proprietary information, and the
subsequent steps taken to prevent its unauthorized disclosure, are as set forth in paragraphs
(6) and (7) following.

Initial approval of proprietary treatment of a document is made by the manager of the
originating component, the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge, or subject to the terms
under which it was licensed to GEH. Access to such documents within GEH is limited on a
“need to know” basis.

The procedure for approval of external release of such a document typically requires review
by the staff manager, project manager, principal scientist, or other equivalent authority for
technical content, competitive effect, and determination of the accuracy of the proprietary
designation. Disclosures outside GEH are limited to regulatory bodies, customers, and
potential customers, and their agents, suppliers, and licensees, and others with a legitimate
need for the information, and then only in accordance with appropriate regulatory
provisions or proprietary agreements.

The information identified in paragraph (2) above is classified as proprietary because it
contains detailed methods and processes, which GEH has developed and applied to
pressure-temperature curves for the BWR over a number of years. The development of the
BWR pressure-temperature curves was achieved at a significant cost to GEH.

The development of the evaluation process along with the interpretation and application of

-the analytical results is derived from the extensive experience database that constitutes a

major GEH asset.
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(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GEH's competitive position and foreclose or reduce the availability of profit-
making opportunities. The information is part of GEH's comprehensive BWR satety and
technology base, and its commercial value extends beyond the original development cost.
The value of the technology base goes beyond the extensive physical database and
analytical methodology and includes development of the expertise to determine and apply
the appropriate evaluation process. In addition, the technology base includes the value
derived from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs comprise a
substantial investment of time and money by GEH.

The precise value of the expertise to devise an evaluation process and apply the correct
analytical methodology is difficult to quantify, but it clearly is substantial.

GEH's competitive advantage will be lost if its competitors are able to use the results of the
GEH experience to normalize or verify their own process or if they are able to claim an
equivalent understanding by demonstrating that they can arrive at the same or similar
conclusions. :

The value of this information to GEH would be lost if the information were disclosed to the
public. Making such information available to competitors without their having been
required to undertake a similar expenditure of resources would unfairly provide competitors
with a windfall, and deprive GEH of the opportunity to exercise its competitive advantage
to seek an adequate return on its large investment in developing and obtaining these very
valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Executed on this 28th day of July 2009.

James F. Harrison

Vice President, Fuel Licensing

Regulatory Affairs

GE-Hitachi Nuclear Energy Americas LLC
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