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-February 6, 2007

Mr. Randy C. Bunt

Chair, BWR Owners Group

Southern Nuclear Operating Company
40 Inverness Center Parkway/Bin BO57
Birmingham, AL 35242

SUBJECT:  FINAL SAFETY EVALUATION FOR THE BOILING WATER REACTOR
OWNERS’ GROUP (BWRQG) STRUCTURAL INTEGRITY ASSOCIATES
TOPICAL REPORT (TR) SIR-05-044, "PRESSURE TEMPERATURE REPORT.
METHCODOLOGY FOR BOILING WATER REACTORS® {TAC NO. MCg9694)

Dear Nr. Bunt:

By letter dated December 20, 2005, and suppiement dated August 29, 2006, the BWROG
submitted TR SIR-05-044, "Pressure Temperature Report Methodology for Boiling Water
Reactors,” Revision § to the U.S. Nuclear Regulatory Commission {NRC) staff. By lelier dated
November 14, 2005, an NRC draft safety evaluation (SE) regarding our approval of 3iR-05-044 -
was provided for your review and comments. By letter dated December 20, 2008, the BWROG
commented on the draft SE. The NRC staff's disposition of BWROG's commenits on the drafi
SE are discussed in the attachment to the final SE enclosed with this letter.

The NRC siaff has found that SIR-05-044 is acceptable for referencing in licensing applications
for General Electric-designed boiling water reactors o the extent specified and under the

fimitations delineated in the TR and in the enclosed final SE. The final SE defines the basis for -
our acceptance of the TR.

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

in accordance with the guidance provided on the NRC website, we request that the BWROG
publish accepted proprietary and non-proprietary versions of this TR within three months of
receipt of this letter. The accepted versions shall incorporate this letter and the enclosed final
SE after the fitle 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 TR identification symbol.
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R. Bunt -2-

if future changes to the NRC's regulatory requirements affect the acceptability of this TR, the
BWROG and/or licensees referencing it wilt be expected to revise the TR appropriately, or
justify its continued applicability for subsequent referencing.

Sincerely,

IRAI
Ho K. Nieh, Deputy Director

Division of Policy and Rulemaking
Office of Muclear Reactor Reguiation

Project No. 91
Enclosure: Final SE

ccwiancl. See next page
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If future changes o the NRC's regulatory requirements affect the acceptability of this TR, the
BWROG andfor licensees referencing it will he expected to revise the TR appropriately, or
justify its continued applicahility for subsequent referencing.

Project No. 691
Enclosure: Final SE
ccwlencl: See next page
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FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
LICENSING TOPICAL REPORT (1L TR) SIR-05-044
"PRESSURE TEMPERATURE REPORT METHODOLOGY FOR BOILING WATER
REACTORS,” REVISION O

BOILING WATER REACTORS OWNERS' GROUP (BWROG)

PROJECT NO. 691

1.0  INTRODUCTION

In a letter dated December 20, 2005, the Boiling Water Reactor Owners' Group (BWROG)
submitied LTR SIR-05-044, "Pressure Temperature Limits Report Methodology for Boiling
Water Reaclors”, Revision (, dated December 2005 (Agencywide Documents Access and
Management System (ADAMS) Package Accession No. MLO53560336) to the U.S. Nuclear
Regulatory Commission (NRC) for review and acceptance for referencing in subsequent
licensing actions. The BWROG provided this LTR to support the ability of boiling water reactor
{BWR) licensees to relocate their pressure-temperalure (P/T) curves and associated numerical
values (such as heatup/cooldown rates) from facility Technical Spedifications (TS)toa
Pressure Temperature Limits Report (PFTLR}, a licensee-controlied document, using the
guidelines provided in Generic Letter {GL} 96-03, “Relocation of the Pressure Temperature
Limit Curves and Low Temperature Overpressure Protection Sysiem Limits” {Reference 1}.
Proposed revisions to this LTR and responses to NRC staff requests for additional information
{RAls) were provided in lelter from the BWROG dated August 29, 2006 {ADAMS Accession No.
MLOS2440387;. '

20 REGULATORY EVALUATION

2.1 Requirements for Generating P/T Limits for Light-Water Reaclors

The NRC has established requiremenis in Appendix G of Part 50 o Title 10 of the Code of
Federal Reguiations (10 CFR Part 50, Appendix G; Reference 2}, in order fo protect the
integrity of the reacior coolant pressure boundary (RCPB) in nuclear power planis. The
reguiation at 10 CFR Part 50, Appendix G requires that the P/T limils 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 {(ASME)
Boiler and Pressure Vessel Code {Reference 3, ASME Code, Section X, Appendix G) were
used to generate the P/T limits. The reguiation at 10 CFR Part 50, Appendix G, also requires
that applicable surveillance data from reactor pressure vessel {(RPV) material surveiliance

"ENCLOSURE
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programs be incorporated into the calculations of plant-specific PAT limits, and that the P/T
fimits for operating reactors be generated using a method that accounts for the effects of
neutron iradiation on the material properties of the RPV beitline materials.

Table 1t0 10 CFR Part 50, Appendix G provides the NRC siaff’s criteria for meeting the PIT
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, the NRC staff regulatory guidance related to P/T limit curves is found in
Regqulatory Guide (RG) 1.99, Revision 2, “Radiation Embrittiement of Reactor Vessel Materials”
{Reference 4), and Standard Review Plan Chapter 5.3.2, "Pressure-Temperature Limits and
Pressurized Thermal Shock™ (Reference 5).

The reguiation at 10 CFR Part 50, Appendix H (Reference 6}, provides the NRC stafi's criferia
for the design and implementation of RPV material surveillance programs for operating light-
water reactors.

In March 2001, the NRC staff issued RG 1.180, "Caiculational and Dosimetry Methods for
Determining Pressure Vessel Neutron Fluence” (Reference 7). Fluence calculations are
accepiable if they are done with approved methodoiogies or with methods which are shown to
conform to the guidance in RG 1.180.

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 8). That
regulation requires that the TS include items in five specific categories: (1) safety limits, limiting
safety system settings and limiting contral settings; (2} limiting conditions for operation (LCOsj;
{3) surveillance requirements (SRs); {4) design features; and (5) adminisirative controls.

The reguiation at 10 CFR 50.36{c){2){ii} requires that LCOs be established for the P/T limils,
because the parameters fall within the scope of the Criterion 2 identified in the rule:

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

The PIT timits for BWR-designed light-water reactors fall within the scope of Criterion 2 of

10 CFR 50.36{c){2)(#i} and are therefore ordinarily required to he included within the TS LCOs
for a plant-specific facility operating license. On January 31, 1896, the NRC staff issued

5L 96-03 to inform licensees that they may request a license amendment to relocate the PIT
fimit curves from the TS LCOs into a PTLR or other ticensee-controlled document that would be
controlied 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 limits for light-water reactors
would need fo be generated in accordance with an NRC-approved methodology and that the
methodology to generate the P/T limits would need fo 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 io

SIR-05-044-A, Rev. 0 - viil
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reference the NRC staff’s safely evaluation (SE) issued on the PTLR request and that the
PTLR be defined in Section 1.0 ofthe TS. Attachment 1 to GL 96-03 provided a fist of the
criteria that the approved methodology and PTLR would be required (o meet.

TS Task Force (TSTF} Traveler No. TSTF-419 (Reference 9) amended the Standard TS (8TS)
{NUREGs-1430, -1431, -1432, -1433, and -1434) to: (1) delete references fo the TS LCO
specifications for the P/T limits in the TS definition of the PTLR, and (2) revise STS 5.6.6 {0
identify, by number and title, NRC-approved topical reports that document PTLR
methodologies, or the NRC safety evaluation for a piant-specific methodology by NRC letter
and date. A requirement was added io the reviewers note to specify the complete citalion 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
fimiis are refocated to the PTLR. The methodology for their development must be reviewed and
approved by the NRC staff. 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 heen 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 10).

30 TECHNICAL EVAILUATION

As discussed in Section 2.1 of this SE, 10 CFR Part 50, Appendix G, requires licensees fo
establish limits on the pressure and temperature of the RCPB in order to protect the RCPB
against brittle failure (i.e., against britie “fast-fraciure™). These limits are defined by P/T limit
curves for normal operations (including heatup and cooldown operations of the reactor coolant
system {RCS), normal operation of the RCS with the reactor being in a critical condition, and
fransient operating conditions) and during pressure testing conditions {i.e., either inservice leak
rate testing and/or hydrostatic testing conditions).

The BWROG LTR SIR-05-44 was prepared by Structural integrity Associates and has three
sections and two appendices. Section 1.0 describes the background and purpose for the LTR.
Section 2.0 provides the fracture mechanics methodofogy and its basis for developing PIT
limits. Section 3.0 provides a step-by-step procedure for calculating P/T limits. Appendix A
provides guidance for evaluating surveillance data. Appendix B provides a template PTLR.

3.1 Evaluation of Section 20 of the LTR

Section 2.0 provides the fracture mechanics methodology and s basis for developing PIT
limits. The NRC staff evaluation of this section is based on the criteria contained in
Aftachment 1 of GL 96-03. Aftachment 1 of GL 96-03 contains seven technical criteria that the
contents of proposed methodology should conform to if license amendments requesting PTLRs
are o be approved by the NRC staff. The NRC staff's evaluations of the contents of the
BWROG methodotogy against the seven criteria in Attachment 1 of GL 96-03 are provided in
the subsections that follow.

SIR-05-044-A, Rev. 0 ix



L 96-03, Attachment 1, Criterion 1:

Criterion 1 requires that the methodology describe the fransport calcuiation methods including
computer codes and formulas used to calculate neutron fluences.

Table 1-1 of the BWROG RAI responses, dated August 29, 2006, indicates that this LTR does
not describe the transport calculation methods including computer codes and formutas used to
calculate neutron fluences. it indicates that fluence meihods and results must comply with RG
1.190 and have NRC staff approval for use with this LTR. Table 1-1 will be included in the LTR.
Therefore, as stated in the LTR this will be a plant-specific action item to be addressed by
licensees. Since Table 1-1 in the proposed LTR methodology will indicate that the fluence
methods and results must comply with RG 1.190 and have NRC staff approval, this criterion
has been satisfied.

GL 96-03, Attachment 1, Cnterion 2:

Criterion 2 reqzrireé that the methodology describe the surveillance program and indicates that
the fopical report should contain a piace holder for the requested information.

Table 1-1 of the BWROG RAI respanses, dated August 29, 2006, indicates that this information
is in Appendix A of the template PTLR, which is in Appendix B of the LTR. Therefore, as
stated in the LTR this will be a plant-specific action item to be addressed by licensees. Since
Table -1 indicates that the information will be included in the PTLR, this criterion has been
satisfied. '

GL 96-03, Attachment 1, Criterion 3:

Criterion 3 requires that the methodology describe how the low temperature overpressure
protection system limits are calculated applying systemithermal hydraulics and fracture
mechanics. ' '

This LTR does not need to address this criterion since Criterion 3 only applies to pressurized
water reaclors (PYWRs) and this LTR applies to BWRs.

GL 96-03, Attachment 1, Cﬁiertm 4

Criterion 4 requires that the methodology describe the method for caiculating the Adjusted
Reference Temperature {ART) using RG 1.89, Revision 2.

Table -1 of the BWROG RAI responses, dated August 28, 2006, indicates that this information
is in Seclion 2.3 ofthe LTR. Section 2.3 of the LTR describes the methodology documented in
RG 1.99, Revision 2, for calculating ART. Therefore this criterion has been satisfied.

GL 96-03, Attachment 1, Criterion 5:
Criterion 5 requires that the methodclogy describe the application of fracturé mechanics in the

construction of PIT curves based on ASME Code, Section X1, Appendix G, and SRP,
Section5.3.2.

SIR-05-044-A, Rev. 0 _ X
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Table 1-1 of the BWROG RAl responses, dated August 29, 2008, indicates that this information
is in Sections 2.3 and 2 4 of the LTR. However, the information is in Sections 2.4 and 2.5 of the
LTR (Table 1-1 needs to be revised o include Section 2.5). Section 2.4 describes the general
fracture mechanics methodology for calculating P/T limit curves. Section 2.5 describes the
memodciogy for calcutating P/T limits for the RPV beltline, bottom head region, and non-beliline
region. The non-beliline reglan includes all regions outszde the beltline, excluding the boltom
head.

Section 2.4 provides fracture mechanics criteria based on ASME Code, Section XI,

Appendix G, and ASME Code Cases N-640 and N-641. These code cases aliow the use of
the reference stress intensity factor, K., for calcufating P/T limit curves. NRC Regutatory lssue
Summary 2004-04 (Reference 11) indicates that the use of NRC-approved ASME Code cases
in conjunction with earfier versions of the ASME Code endorsed in 10 CFR 50.55a may also be
used for development of P/T limit curves without the need for an exemption. NRC RG 1.147,
Revision 14 {Reference 12) approves these ASME Code cases. The use of the reference
stress intensity factor, K., for calculating P/T limit curves was first endorsed by the

14089 Addenda of the ASME Code. Therefore, licensees ulilizing this methodology and versions
of ASME Code, Section Xi, Appendix G, that require P/T limit curves to be calculated using K.
do not need to request an exemptmn :

Section 2.5 describes the methodology for calculating P limits for the RPV beltline, botiom
head region, and non-beltline region. For the bellline shell region, this section describes three
methods for calculating the thermal stress intensity factor, K, a) a stress linearizing technique
presented in ASME Code, Section X1, Nonmandatory Appendix A; b} a fechnigue based on
Section X, Appendix G; and ¢} a technique based on Welding Research Council (WRC}
Bulletin Number 175 (Reference 13). In response to NRC staff RA] No. 3, the BWROG
changed the stress linearizing technique to the method in ASME Code, Section XI, Appendix G.
The allowable pressure is calculated using the methodology and structural factors in ASME
Code, Section XI|, Appendix G. Since these techniques are based on methedologies endorsed
by the NRC, they are acceptable. The NRC staff requn‘es that this change be incorporated into
the -A version of the LTR.

The LTR indicates thatl the methodology for caleulating bottom head P/T limit curves should
follow the methodologies for the shell region except fhat a stress concentration factor is applied
fo bottom head membrane siresses to account for the stress concentration resufting from
nozzles in the lower head. In addition, the pressure stress is considered entirely as a
membrane stress. Appendix 5 in WRC Bulletin Number 175 describes methods for calculating
the stress intensity factors at the inside comer of a nozzle. The stress concentration factors
described in these analyses are less than those utilized by the BWROG for the development of
bottom head PIT fimits. The meathodology proposed by the BWROG for the hottom head has
been previously reviewed by the NRC staff in a letter from D. 5. Collins {NRC) to R. G. Byram
{Senior Vice President and Chief Nuclear Officer for Susquehanna Steam Electric Station,
Units 1 and 2) dated February 7, 2002 (ADAMS Accession No. MLG13520605). The NRC staff
performed independent calculations and concluded that the method is consistent with the
methods in the 1995 Edition of Appendix G to Section Xl of the ASME Code. Based on the use
of a conservative concentration factor and the NRC staff's previous evaluation of this
methodology, the NRC staff concludes that the methodology praposed by the BWROG for the
calculating boftom head P/T limit curves is acce;:table

SIR-05-044-A, Rev. 0 xi
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The non-beltline region analysis method that was contained in Section 2.5 has been deleted
and replaced with a methodology that is described in the BWROG response to RAINo. 3. In
this methodology ihe location to be analyzed for determining the highest stresses in the
non-beltline region is the feedwater nozzle. The reference temperature, RTygr, used in the
analysis is the imiting value for all non-beltline nozzies. The siress intensity factors for the
feedwater nozzle may be calculated from a detailed finite element model analysis of the nozzle.
The siress distribution from the finite element analysis is fit with a third order polynomial. The
stress intensity factors for the nozzle comner use the coefficients from the stress distribution
polynomial and a method proposed in General Electric {GE) Topical Report NEDE-21821-02
{Reference 14) for calculaling stress intensity factors for nozzle corner cracks. The slress
intensity factor solutions documented in Reference 14 were verified by independent analysis
and experiment. Reference 14 was approved by the NRC staff in a letter from D. G. Eisenhut
{NRC) to R. Gridley {(GE) dated January 14, 1380 (ADAMS Legacy Library Accession

No. 8002070141). The NRC staff concluded that each step in the GE analysis is acceptable,
but had specific comments. Since none of the comments were directed at the stress intensity
solutions for the nozzle comer crack, the siress intensity solutions proposed were considered
acceptable for evaluating nozzle comer cracks. The praposed methodology uses the stress
intensity factors from both thermat and pressure stress to develop P/T limits based on the
structural factors described in Appendix G to Section X of the ASME Code. The NRC staff
finds the non-heltline methodology acceptable since it meets the requirements of ASME Code,
Section X1, Appendix G and the siress intensity factors are determined using a previously
approved methodology. However, the NRC staff requires that the information provided in
response to RAI No. 3 be incorporated info the -A version of the LTR.

Section 2.5 of the LTR and the methodology proposed in response fo RAl No. 3 to describe
methodologies for calculating bending and membrane siresses using compuier code finite
efement analyses. If these finile element analyses are to be ulifized by licensees to develop
P iimits, the NRC staff reguested, in RAI No. 2, that the BWROG provide the following:

a) identify the computer codes that were used in the finite element stxess analyscs How
were the codes benchmarked? ‘

b Discuss briefly the assumptions [initial RT\on and the inputs to the stress analysis.

€} Update the topical répaﬁ methodology to require licensees to identify the finite element
codes used in the PTLR.

d) Verify that this process for detemining.bending and memhrane stfesses will result in the
generation of PIT limits that are at leasi as conservative as those which would be
generated using the procedures of ASME Code, Section X, Appendix G.

In response fo the NRC staff request to items a), b), and ¢), the BWROG proposed to add the
following text to the Section 2.5 of the LTR:

in the subsections that follow, finite element analysis is discussed as a possible
approach for providing the necessary stress analysis for RPY regions. If finite element
analysis is utilized to develop P-T limits for any RPV region, the Tollowing information
shall be provided in the PTLR:

SIR-05-044-A, Rev. 0 _ Xii
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a. Identify the computer code(s) that were used in the finite element stress
analysis.
b. For ahy computer codes used, descrive how the code(s) were verified or

benchmarked. Computer code verification shali be in accerdance with a
qualified 16 CFR 50 Appendix B Quality Assurance Program. As a part of
computer code verification, benchmarking consistent with NRC GL 83-14,
Supplement 1 [17] shall be included.

C. identify the assumptions and the inputs to the finite element analysis.
Necessary inputs to the analysis include any or all of the following:

. A description of plant operating convditions used '(e.g.., pressure and
temperature). The conditions used must represent current plant
operating conditions.

. A description of the heat transfer coefficients used and the methodology
used to calculate them.

. A description of the modsel developed, including materials, material
properties, finite element mesh pattern, and geometry.

New Reference 17 will be added to Section 4.0 of the LTR as foliows. |

17. U. 8. Nuctear Requlatory Commission, Generic Letter 88-11,
Supplement 1, "Licensee Qualification for Penormmg Safety Analyses,”
June 24, 1999 :

Since the LTR will require ficensees to provide thé requested information in the PTLR, the
response is accepiable. ' '

For ifem d), the BWROG proposed that the linearization techniques discussed in the LTR be
removed and replaced with polynomial fit techniques that are consistent with the current ASME
Code, Section XI, Appendix G, methodology. The proposed technigque is described in the
BWROG response to RAI No. 3. Since the linearization technigue will be replaced with a
technique which is consistent with the current ASME Code, Section XI, Appendix G,
methodology, the change is acceptable. Since Sections 2.4 and 2.5 identify fracture mechanics
methods for the construction of PfT curves based on ASME Code, Section X!, Appenmx G, this
criterion has been sahsf:ed

GL 96-03, Attachment 1, Criterion 6:

Criterion 6 requires that the methodology describe how the minimum temperature requirements
in Appendix G {o 10 CFR Part 50 are applied to P/T curves for boltup temperature and -
hydrotest temperature.

Table 1-1 of the BWROG RAI responses, dated August 29, 20086, indicates that this information

~isin Sections 2.7 and 2.8 of the LTR. Section 2.7 identifies the minimum metal temperature of
the RPY closure head flange and the RPY sheli flange regions. This section aisq describes the

SIR-05-044-A, Rev. 0 Xiii
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minimum requirements for hydrotest (hydrostatic pressure and leak tests). Section 2.8

" identifies the minimum boltup temperatures. Both of these sections identify minimum
temperature requirements that are conlained in Appendix G fo 10 CFR Part 50. Sincea the
information in these sections comply with the requirements in Appendix G to 10 CFR Part 50,
this criterion has been satisfied.

GL86-03, .Axtachmem 1, Criterion 7.

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

Table 1-1 of the BA'ROG RAJ responses, dated August 29, 2006, indicates that this information
is in Sections 2.3 of the LTR. Criteria for evaluating surveillance data are contained in
Appendix A fothe LTR. {Table 1-1 needs {o be revised to inciude Appendix A when it is added
to the -A version of the LTR). Appendix A documents two procedures for calculating the ART.
One procedure is applicable when RPY material and surveiliance material have identical heat
numbers. This method follows the methodology documented in Position 2.1 of RG 1.99,
Revision 2 and the NRC staff guidance presented in an NRC/Industry Workshop (Reference
15}. Position 2.1 in RG 1.99, Revision 2 contains NRC staff guidance for evaluating
surveillance data when there are two or more credible surveiliance data points. Credibility is
determined by following the guidance in RG 1.89, Revision 2.

The second procedure 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 quidance for determining the ART from the chemical composition {weight-percent
capper and nickel) of the RPV material.

The NRC staff recommended changes to these procedures in RAls sent to the BWROG.
These changes are discussed in the evaluation of Appendix A, which is discussed in

Section 3.3 of this SE. The changes o Appendix A are acceptable, because they provide
additional quidance o the ficensees and the guidance has been previously approved by the
NRC staff. Based on the changes documented in Section 3.3 and that the procedures follow
guidance recommended by the NRC staff, this criterion has been satisfied.

32 Evaluationof Section300ofthe LTR

Section 3.0 of the LTR provides a step-by-step procedure for caiculating P/T fimit curves. This
section indicates that P/T limits may also be developed for other RPV regions to provide
additional operating flexibility. In response to RAl No. 5, the BWROG indicated that a sentence
in the LTR will be revised {o siate:

P-T limit curves may also be developed for other RPV regions to provide
additional operating flexibility; however, for RPV regions other than those defined
in Section 2.0 of this repot, licensees are required to submit methodologies {o
the NRC for review and approval prior fo use.

SIR-05-044-A, Rev. 0 ’ Xiv
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Since methods of evaluating other regions will be submitled to the NRC for review and approval
priof o use, the proposed change is acceptable. The NRC staff requires that this modification
be incorportated info the -A version of the LTR.

The guidance given in Section 3.0 does not indicate surveillance data is to be evailuated. In
response to RAI No. 6, the BWROG indicated a new Step {a) will be added to Section 3.0 of the
{ TR and the previously defined steps will be re-labeled as Steps (b) through (i). The proposed
new Step (a) follows:

a. Evaluate surveillance data in accordance with Appendix A of this report.

Appendix A provides guidance for the use of the Boiling ‘Water Reactor Vessel and Internals
Project (BWRVIP) Integrated Surveillance Program (ISP} surveillance data. The BWRVIP ISP
replaces individual plant RPV surveillance capsule programs with representative weld and base
materiais data from host reactors. A representative material is a plate or weld material thatis
selected from among all the existing plant surveillance programs or the Supplemental
Surveillance Program (SSP) to represent ane orf more limiting plate or weld materials in a plant.
The BWRVIP ISP is responsible o provide each BWR plant with surveillance data for the
maiteriais assigned to represent that ptant's limiting RPY weld and base materials. Plant
owners, in iurn are responsible to evaluate the data using the methods in RG 1.99, Revision 2,
in accordance with 10 CFR Part 50, Appendix G, for determination of ART values.

Since the LTR will be revised to indicate surveillance data is io be evaluated in accordance with

" Appendix A and Appendix A contains criteria for processing and reporting surveillance data, the
proposed change is acceptable. The NRC staff requires that this change be incorporated into
the -A version of the LTR. :

3.3  Evaluation of Appendix Aofthe LTR

Appendix A provides guidance for evaluating surveillance data. In response to NRC staff RAl
No. 7, Appendix A will be revised to identify the source for the best estimate chemistries for the.
BWR vessel and surveiliance capsule materiats and lo identify that the best estimate
chemistries will he documented in the PTLR. The BWROG response adds the {ollowing nole
and reference to Appendix A

Note: Revised best esfimate chemistries for selected BWR vessel and
surveillance capsule materials have been calculated by the BWRVIP, as
documented in BWRVIP-86-A {A-1]. Calcuiation of the best estimate chemistries
for all other vessei materials should be determined in accordance with the NRC
practice documented in Reference [A-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.

New Reference A-7 will be added to Section A5 of the LTR as follows:
A-7. "Generic Letter 92-01 and RPV Integrily 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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In response to NRC staff RAl No. 8, Appendix A will be revised to describe the temperature
adjusiment fo the surveiflance data if the temperature of the surveillance capsuie is different
than that of the vessel. Appendix A, Procedure 1, Procedural Step 3(b} of the LTR 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 adjusiment is a 1 °F degree increase in aRT,,; per 1°F
decrease in irradiation temperature [A-7]. Alternalively, the temperature
adjustment can be defermined using appropriate NRC guidance. Any
temperature adjustments shall be identified and described in the PTLR.

In response to NRC staff RAI No. 9, Appendix A will be revised to define the initial RT, 5., 8s
follows: .

Initial RT"D, 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. Some plants have measured values of initial Ry« 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 {A-5]. Other
generic mean values may be used, provided they are justified and have NRC
;’ETV!efw and approval. The generic mean values used shall be identified in the
LR .

Reference A-6 is the Pressurized Thermal Shock rule, 10 CFR 50.61. The rule provides
generic initial RT ., values for welds made with Linde 80, 6091, 1092, and 124 and ARCOS
B-5 weld fluxes. These values have been rev:ewed and approved by the NRC staﬁ Therefore,
they are also applicable for BWR RPVs.

In response to NRC staff RAl No. 10, Appendix A will be revised to identify information that the
licensee should review o determine whether the data is “credible” or *non-tredible” in
accordance with RG 1.89, Revision 2. The following two steps will be added to Append(x A,
Procedure 1, Procedural Step 3 of the LTR:

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

e. When there are two or more sels of surveillance data from one reactor, the
scatter of aRT,y values about a best-fit line drawn as described in Reqg.
Guide 1.99 Rev. 2, Regulatory Position 2.1, normally should be iess than 28°F
for welds and 17°F for base metal. Even if the fluence range is large {two or
more arders of magnitude), the scatter should not exceed twice thase 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.
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The changes to Appendix A are acceptable, because they provide additional guidance to the
ficensees and the guidance has been previousty approved by the NRC stafi. The NRC staff
requires that these changes io Appendix A of the LTR be mmrpcraied into the -A version of the
report.

34 Evaluation of Appendix Bofthe LTR

Appendix B provides a template PTLR. To ensure that the P/T limits were developed using the
L TR methodology, the NRC staff in RAI No. 11 requested that the following information he
included in the PTLR:

a) The initial RT,or [IRT o+ for all reactor pressure vessel materials and the method of
determining the initial RT,,, (i.e., ASME Cede, Generic Communication, Branch
Technical Position - MTEB 5-2 in SRP 5.3.2 in NUREG-0809, or other NRC-approved
methodoiogies), .

b} The chemistry (weight-percent copper and nickel) and ART at the 1/4 thickness location
for ail beltline materials, and )

<} The computer codes used in the finite element analysis 1o determine for calculating
bending and membrane stresses from Section 2.5 of the methodology.

d)  Identify whether "Procedure #1" or “Procedure #2" was utilized to evaluate the
surveifiance data. If surveiliance data was ulilized, provide the surveillance data and the
analysis of the surveillance data that was used o determine the ART. i surveillance

- data was not utilized, state why it was not utilized.

in response to NRC staff RAJ Nd. 11 items {a), (b}, and {d), the BWROG proposed that the
following be added to Section 2.3 of the LTR:

The following information should be included in the PTLR with respect to the ART
calculations:

a. The IRT for all RPY materials and the method of determining the iIRT oy
(i.e., ASME Code, Generic Communication, Branch Technical Position MTEB &§-2
in Standard Review Plan 5.3.2 in NUREG-0800, or other NRC-approved
methodologies).

b The chemistry {weight-percent copper and nickel) and ART at the 1/4t location
for all beltline materials.

c. Identify whether "Procedure 1™ or “Procedure 2° from Appendix A was utilized to
evaluate the surveillance data. If surveilfance data was utilized, provide the
surveillance [dataj and the analysis of the surveillance data that was used to
determine the ART values. If surveillance data was not utilized, state why it was
not utilized.
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The changes are acceptable, because they provide additional guidance for licensees and
provide information that the NRC staff needs to evaluate the PTLR. The NRC staff requires
that these changes he incorporated into the -A version of the report.

The résponSe {o item ¢} was discussed in the Section 3.1 of this SE (Evaluation of GL 96-03,
Aftachment 1, Criterion 5). Section 2.5 will be revised fo request that the PTLR contain the
requested information.

40 CONCLUSION

The NRC staff concludes that BWROG LTR SIR-05-044 satisfies the criferia in Attachment 1 o
(L 96-03 and provides adequate methodology for BWR licensees to calculate P/T limit curves.
By using this methodology and following the PTLR guidance in GL 86-03, as amended by NRC
TSTF-419, BWR licenseas will he able to relocate the P/T limit curves and the associated
heatup/cooldown rates from TS toa PTLR, a licensee-controlled document.

The NRC staff has recommended, as noted in this SE, additional changes to Table 1-1 of the
LTR. The BWROG must incorporate the NRC stafi recommended changes and the changes
proposed by the BWROG in their letter dated August 28, 2006, into the -A version of the report. .
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RESOLUTION OF COMMENTS

ON DRAFT SAFETY EVALUATION FOR

STRUCTURAL INTEGRITY ASSOCIATES TOPICAL REPORT (TR}

SIR-05-044, “PRESSURE TEMPERATURE REPORT METHODOLOGY FOR

BOILING WATER REACTORS"

By letter dated December 20, 20085 {Agencywide Document Access and Management System
Accession No. MLG63600123), the Boiling Water Reactor Owners' Group (BWROG) provided
comments on the draft safety evaluation {SE) for Structural Integrity Associates Topical Report
{TR) 8IR-05-044, “Pressure Temperature Report Methodology for Boiling Water Reactors.™
The following is the NRC staff resolution of those comments.

BWROG Comment:

Deiete from Pageé 2 and 3 of the SE references to LTOP limit setpoint values, since these do
not apply to BWRs.

NRC Resolution:

The NRC staff agreed to change and deiete references to the LTQP limit selpoint values on
- Pages 2and 3. .

ATTACHMENT
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FOREWORD

The principle objective of this report is to proVide the current Structural Integrity Associates, Inc.
.methodology for developing reactor coolanf system (RCS) pressuré test, core not critical, and
core critical pressure-temperature (P-T) curves for boiling water reactors (BWRs) at the request
of the BWR Owners’ Group (BWROG) Pressure-Temperature Curve Committee. This
methodology, which has been approved by the NRC, may be referenced by licensees to
implement the Pressure 'Temperature Limits Report (PTLR). This report does not provide all of
the methodologies which can be used to develop RCS P-T curves, but rather the NRC-approved

methodologies that can be referenced by licensees to license the PTLR concept.

This “-A” version of the report incorporates the ﬁnél NRC Safety Evaluation Review (SER) and

_ all associated actions.
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LEGAL NOTICE

IMPORTANT NOTICE REGARDING THE CONTENTS OF THIS REPORT
Please Read Carefully

The only undertakings of Structural Integrity Associates, Inc. (SI) respecting information in this
document are contained in the contract between SI and the General Electric Company (GE), as
agent for the Boiling Water Reactor Owners’ Group (BWROG), as identified in the Purchase
Order for the performance of the work described herein, and nothing in this document shall be
construed as changing that contract. The use of this information, except as defined by said
contract, or for any purpose other than that for which it is intended, is not authorized; and with
respect to any unauthorized use, SI nor any of the contributors to this document, makes any
representation or warranty, expressed or implied, and assumes no liability as to the completeness,
accuracy, or usefulness of the information contained in this document.

QUALITY ASSURANCE

This report was prepared by Structural Integrity Associates, Inc. (SI) for the BWROG Pressure-
Temperature Curve Committee in accordance with the SI Quality Assurance Program, which is
in compliance with the requirements of 10CFR50, Appendix B and ANSI/ASME NQA-1-1989,
and meets the intent of applicable portions of ANSI N45.2. Since the work associated with this
report is classified as safety-related, the provisions of 10 CFR 21 and 10 CFR 50, Appendix B

- apply. However, users.are reminded that, prior to application of any information contained in
this document to any safety-related application at a specific nuclear plant, the generic
information contained in this document must also be verified as applicable to a specific nuclear
plant through the user’s own Quality Assurance Program. '
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PARTICIPATING UTILITIES

The utilities listed below contributed to the development of this report. However, while this
report has been endorsed by a substantial number of the members of the BWR Owners’ Group, it
- should not be interpreted as a commitment of any individual member to a specific course of
action. Each member must formally endorse any BWROG position in order for that position to

become the member’s position.

UTILITY PLANT
AmerGen Clinton
Oyster Creek
Energy Northwest Columbia
Entergy Pilgrim
FitzPatrick
Vermont Yankee
Exelon Dresden
LaSalle
Quad Cities
Limerick
Peach Bottom
FENOC Perry
FPL Energy Duane Arnold
NMC Monticello
NPPD Cooper
PPL Susquehanna
Progress Energy Brunswick
PSEG Nuclear Hope Creek
SNC Hatch
TVA Browns Ferry
DOCUMENT DISTRIBUTION

This BWROG report, and any associated products, are proprietary to the BWROG and the
utilities that financially participated in their development. Recipients of this document have no
authority or rights to release this product or any information contained herein to anyone or any
organization outside their utility, restricted to the specific plants identified in “Participating
Utilities” above. This product can, however, be shared with contractors performing related work
directly for a participating plant, conditional upon appropriate proprietary agreements being in

- place with the contractor protecting this BWROG product or any information contained herein |

against unauthorized distribution or use. _W\\S dOCU\\"N o was Ny \MSH
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1.0 INTRODUCTION
1.1  Background

Nuclear Regulatory Commissvi_on (NRC) Generic Letter (GL) 96-03 [1] allows plants to relocate
their pressure-temperature (P-T) curves and numerical values of other P-T limits (such as
heatup/cooldown rates) from the plant Technical Specifications to a Pressure Temperature Limits
Report (PTLR), which is a licensee-controlled document. As stated in GL 96-03, during the
development of the improved standard technical specifications (STS), a change was proposed to
relocate the P-T limits currently contained in the plant Technical Specifications to a PTLR. As
one of the improvements to the STS, the NRC staff agreed with the industry that the curves may
be relocated outside the plant Technicalb Specifications to a PTLR so that the licensee could
maintain these limits efficiently and at a lower cost. One of the prerequisites for .having the
PTLR option is that all of the methods used to develop the P-T curves and limits be NRC
approved, and that the associated Licensing Topical Report (LTR) for such approval is
referenced in the plant Technical Specifications. Based on this prerequisite, the purpose of this
report is to provide boiling water re‘actors (BWRs) with an NRC-approved LTR that can be
refereneed in plant Technical Specifications to establish BWR fracture mechanics methods for

generating I;-T curves/limits that allows BWR plarlts to adopt the PTLR option..

Historically, utilities who own BWRs have submitted license amendment requests to update their
P-T curves. Lack of an NRC-approved methodology introduces regulatory uncertainty into the
license amendment process. This uncertainty has created hardships on licensees in the past when
updates to the limits were needed by speciﬁe dates. In addition, the current situation causes both
the regulator and licensees to expend resources that could otherwise be devoted to other
activities. The objective of this report is to avoid these situations by providing P-T curve
methods that are generically approved by the NRC so that P-T curves can be documented in a
PTLR.

Because many BWR utilities have used Structural Integrity Associates, Inc. (SI) to develop their

P-T curves, this report documents the SI P-T curve fracture mechanics methodology in an LTR
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'that has been approved by the NRC. This LTR documents the SI fracture mechanics methods
“and allows for a “plug and play” approach to reactor pressure vessel (RPV) P-T curve
development and approval. This LTR can be feferenced by any BWR licensee who desires to

| use the SI methodology for their P-T curve development in a license amendment request to adopt

GL 96-03 requirements for a PTLR.

It is noted that this report does not include development or licensing of vessel fluence methods,
which are already 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.

1.2 Purpose of Topical Report

In order to implement the PTLR, the analytical methods used to develop the P-T limits must be
consistent with those previously reviewed and approved by the NRC and must be referenced in
the Administrative Controls section of the plant Technical Specifications. The purpose of this
report is to provide the current SI methodology for developing reactor coolant system (RCS)
pressure test, core not critical, and core critical P-T curves for BWRs. This NRC-approved

methodology may be referenced by licensees to implement the PTLR.

This LTR does not provide all of the methodologies which can be used to develop RCS pressure
test, core not critical, and core critical P-T curves, but rather NRC-approved methodologies that
can be referenced by licensees to license the PTLR concept. It is also noted that the contents of
this report are only intended to license how P-T curves are generated and not how the curves are

applied in plant operation.
1.3 Content of Topical Report

The “Requirements for Methodology and PTLR” table in GL 96-03 identifies the minimum

requirements to be included in the PTLR methodology, and the minimum requirements to be
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included in the PTLR. Table 1-1 provides a summary of how the PTLR methodology included

in this report satisfies the minimum requirements identified in the GL 96-03 table.

.This report contains the methodology used to develop the RCS pressure test, core not critical,
and core critical P-T curves in Section 2.0. A simplified, step-by-step procedure for
implementing the methodology is outlined in Section 3.0. Appropriate references are provided
in Section 4.0. Appendix A provides guidance for application of the BWR Vessel and Internals
Project (BWRVIP) Integrated Surveillance Program (ISP) data to P-T curve development. A
sample PTLR is provided in Appendix B, which has been approved for inclusion by PPL for
their Susquehanna Steam Electric Station. The sample PTLR in Appendix B is intended to be a

template for licensees to follow for development of their own plant-specific PTLRs.
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Table 1-1: Summary of GL 96-03 PTLR Methodology Requirements

PROVISIONS FOR APPLICABLE
METHODOLOGY MINIMUM MINIMUM SECTION OF LTR
FROM ADMINISTRATIVE REQUIREMENTS TO REQUIREMENTS TO WHERE
CONTROLS BE INCLUDED IN BE INCLUDED IN REQUIREMENTS ARE
SECTION IN STS METHODOLOGY PTLR ADDRESSED
The methodology shall Describe transport calculation | Provide the values of Not covered by this LTR.

describe how the neutron
fluence is calculated
(reference new Regulatory
Guide when issued).

methods including computer
codes and formulas used to
calculate neutron fluence.
Provide references

neutron fluences that are
used in the adjusted
reference temperature
(ART) calculation.

Fluence methods and
resuits must comply with
RG 1.190 and have NRC
approval for use with this -
LTR. '

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
curves.

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.

See Appendix A of
Template PTLR included
in Appendix B of this
LTR.

Low temperature
overpressure protection
(LTOP) system limits
developed using
NRC-approved

. methodologies may be
included in the PTLR.

Describe how the LTOP
system limits are calculated
applying system/thermal
hydraulics and fracture
mechanics. Reference SRP
Section 5.2.2; ASME Code -
Case N-514; ASME Code,
Appendix G, Section XI as
applied in accordance with 10
CFR 50.55.

Provide setpoint curves or
setpoint values.

Not applicable for BWRs.

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).

See Section 2.3 of this
LTR. )
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Table 1-1: Summary of GL 96-03 PTLR Methodology Requirements (concluded)

PROVISIONS FOR
METHODOLOGY

FROM ADMINISTRATIVE

CONTROLS
SECTION IN STS

MINIMUM
REQUIREMENTS TO
BE INCLUDED IN
METHODOLOGY

MINIMUM
REQUIREMENTS TO
BE INCLUDED IN
PTLR

APPLICABLE
SECTION OF LTR
WHERE
REQUIREMENTS ARE
ADDRESSED

The limiting ART shall be
incorporated into the

Describe the application of
fracture mechanics in

Provide the P/T curves for
heatup, cooldown,

See Sections 2.4 and 2.5 of
this LTR.

calculation of the pressure
and temperature limit curves
in accordance with

constructing P/T curves based
on ASME Code, Appendix G,
Section XI, and SRP Section

criticality, and hydrostatic
and leak tests.

NUREG-0800, SRP Section
5.3.2, Pressure-Temperature
Limits.

532

The minimum temperature
requirements of Appendix G
to 10 CFR Part 50 shall be

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

See Sections 2.7 and 2.8 of
this LTR.

incorporated into the pressure

and temperature limit curves. hydrotest temperature.

Describe how the data from
multiple surveillance capsules
are used in the ART
calculation. Describe
procedure if measured value
exceeds predicted value.

Licensees who have removed
two or more capsules should
compare for each surveillance
material the measured
increase in reference
temperature (RTypr) to the
predicted increase in RTnpr;
where the predicted increase
in RTNDT is based on the
mean shift in RTypy plus the
two standard deviation value 1.
(20,) specified in Regulatory
Guide 1.99, Revision 2. If the
measured value exceeds the
predicted value (increase in 2a
RTnpr + 26,), the licensee
should provide a supplement
to the PTLR to demonstrate
how the results affect the
approved methodology.

Provide supplemental data
and calculations of the
chemistry factor in the
PTLR if the surveillance
data are used in the ART
calculation. :
Evaluate the surveiilance
data to determine if they
meet the credibility

|| criteria in Regulatory
Guide 1.99, Revision 2.
Provide the results.

See Appendix A of this
LTR. :

WHEN OTHER PLANT
DATA ARE USED

Identify the source(s) of
data when other plant
data are used.

Identify by title and
number the safety
evaluation report that
approved the use of
data for the plant.
Justify applicability.
OR

2.b  Compare licensee data
with other plant data
for both the radiation
environments (e.g.,
neutron spectrum,
irradiation temperature)
and the surveillance test
results.

SIR-05-044-A, Rev. 0 o 1-5




2.0 PRESSURE-TEMPERATURE LIMIT CURVES
2.1 Introduction

Pressure test, core not critical, and core critical P-T limit curves are calculated using the most
limiting value of RTnpr (refe.rence nil-ductility transition temperature) corresponding to the
limiting material in the RPV, including the effects of neutron irradiation. Normally, the limiting
RPV material is located in the RPV beltline region (the region adjacent to the core that is most
affected by fast neutron irradiation). The most limiting RTnpr of the material in the beltline
region of the RPV is determined by using the unirradiated RPV material fracture toughness
properties and estimating the irradiation-induced shift (ARTNDT'). The unirradiated RTnpr is
.defined as the higher of either the drop weight nil-ductility transition teinperature (NDTT) or the
' temperature at which the material exhibits at least 50 ft-1b of impact energy and 35 mils of lateral

expansion (both normal to the major working direction) minus 60°F.

The RTnpr increases as the material is exposed to fast-neutron irradiation. Therefore, to find the
most limiting RTnpr at any time period in the reactor’s life, ARTypr due to the radiation
exposure associated with that time period must be added to the original unirradiated RTnpr. The
extent of the shift in RTnpr is enhanced by certain chemical elements (such as copper and nickel)
preseht in RPV steels. The NRC has published a method for predicting radiation embrittlement
in Regulatory Guide (RG) 1.99, Revision 2 [2]. RG 1.99, Revision 2 is used for the calculation
of adjusted reference tefnperature (ART) values (irradiated RTypr with margins for
uncertainties) at 1/4t and 3/4t locations, where “t” is the thickness of the vessel at the beltline
region measured from the elad/base metal interface’. Using the ART values, P-T limit curves are
determined in accordance with the requirements of Title 10, Part 50 of the U. S. Code of Federal
Regulations (10CFR50) Appendix G [4], as augmented by Ameﬁcan Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code, Section XI, Nonmandatory Appendix G
[S]. The procedure for establishing P-T limits is entirely deterministic. The conservatisms

included in the limits are (but not limited to):

' The thickness of the cladding is neglected as specified in the ASME Code, Section 111, Paragraph NB-3122.3 [3].
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e An assumed flaw in the wall of the RPV that has a depth equal to 1/4 of the thickness of
the RPV wall and a length equal to 1.5 times the vessel wall thickness (6-to-1 length-to-
depth aspect ratio, a/é). |

o A safety factor of 1.5 (for pressure test conditions) or 2.0 (for core not critical and core
critical conditions) is épplied to the primary membrane stress intensity factor (Kjn) and
the primary bending stress intensity factor (Kyp).

e Two standard deviation (26) margins are applied in determining the ART.

e The limiting toughness is based upon a reference value (Kj,, which is a lower bound of
the dynamic crack initiation or arrest toughnesses, and/or K., which is a lower bound of

static fracture toughness).

This section describes the methodology used by SI to develop allowable P-T relationships for
pressure test, core not critical, and core critical conditions that are included in the PTLR.
Separate subsections describing fracture toughness properties, ART calculation, criteria for

allowable P-T relationships, and P-T curve generation are provided.

2.2 Fracture Toughness Properties

The fracture toughness properties of the ferriﬁc material in the reactor coolant pressure boundary
are determined in accordance with the requirements of 10 CFR Part 50 Appendix G [4], as
augmented by the additional requirements in Subsection NB-2331 of Section III of the ASME
Code [3]. These fracture toughness requirements are also summarized in Branch Technical

Position MTEB 5-2 [6] of the NRC Regulatory Standard Review Plan.

These requirements are used to determine the value of the (RTnpr) for unirradiated material
(defined as initial RTnprt, or IRTnpr) and to calculate the ART as described in Section 2.3. Two
types of tests are required to determine a material’s value of IRTnpr: (i) Charpy V-notch impact

(C,) tests, and (ii) drop-weight tests. The procedure for determining RTnpr is as follows:
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1. Determine a temperature, Tnpr, that is at or above the nil-ductility transi_tion temperature

by drop weight tests.

2. At atemperature not greater than Tﬁm + 60°F, each specimen of the C, test shall exhibit
at least 35 mils of lateral expansion and not less than 50 ft-1b of absorbed energy. When

these requirements are met, Tnpr is the reference temperature, or RTnpr.

3. If the requirements of (2) above are not met, conduct additional C, tests in groups of
three specimens to determine the temperature, Ty, at which they are met. In this case,

the RTnpr is (Tey - 60°F). Thus, the RTnpr is the higher of Tapr and (Tey - 60°F).

4. If the C, test has not been performed at TNbT + 60°F, or when the C, test at Typr + 60°F
does not exhibit a minimum of 50 ft-1b of absorbed energy and 35 mils of lateral
expansion, a temperature representing a minimum of 50 ft-1b of absorbed energy and 35
mils of lateral expansion may be obtained from a full C, impact curve developed from the

minimum data points of all of the C, tests performed, as shown in Figure 2-1.

Licensees that do not follow the fracture toughness requirements in Branch Technical Position
MTEB 5-2 to determine IRTNDf can use alternative procedures. However, sufficient technical
justification and special circumstances per the criteria of 10CFR50.12(a)(2) [7] must be provided

for an exemption from the regulations to be granted by the NRC.

2.3 Calculation of Adjusted Reference Temperature

The ART for each material in the beltline region is calculated in accordance with RG 1.99,
Revision 2 [2]. The most limiting ART value (i.e., highest value at the 1/4t location) is used in

determining the P-T limit curves. ART is calculated by the following equation:
ART =IRTnpt + ARTNDT + Margin (2.3-1)

where: ART =  the adjusted reference temperature (°F)
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IRTnpr =  the reference temperature for the unirradiated material (°F)

ARTnpT = the mean value of the shift in reference temperature (éF ) |

Margin =  the temperature value that is included in the ART
calculations to obtain conservative, upper-bound values of

ART (°F)

IR Tnpr is defined in Paragraph NB-2331 of Section III of the ASME Code [3], and determined
as described in Section 2.2. If measured values of IRTypr are not available for the material in
question, generic mean values for each class of material can be used if there are sufficient test

results to establish a mean and standard deviation for the class.

ARTypr is the mean value of the shift in reference temperature caused by irradiation, and is

calculated as follows:

ARTnpr = CF * f(©-28-0.10l0g ) (2.3-2)
where: ARTnpr = the mean value of the shift _in reference temperafure (°F)
CF = the chemistry factor (°F)
f = calculated ﬂuence‘at depth, x (10"° n/cm?, E > 1 MeV)

The CF is a function of copper (Cu) and nickel (Ni) content, and is given in Table 1 of RG 1.99,
Revision 2 for weld metal, and in Table 2 of RG 1_.99, Revision 2 for base‘metal (i.e., Position
‘1.1 of RG 1.99, Revision 2). In Tables 1 and 2 of RG 1.99, Revision 2,>“weight-percent copper”
and “weight-percent nickel” are the best-estimate values for the material and linear interpolation
is permitted. When two or more credible surveillance data sets (as defined in RG 1.99, Revision
2, Paragraph B.4) become available, they may be used to calculate CF per Position 2.1 of RG

1.99, Revision 2, as follows:
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where:

CF

CF =-

n

0.28-0.101ogf;
SIA, £ °¢h)]
=1

- (2.373)
Z £, (0.28-0.101ogf,) ]2
i=l

the chemistry factor (°F)

the number of surveillance data points

the measured value of ARTypr for each surveillance data
point, i (°F)

the fluence for each surveillance data point, i

(10" n/em®, E > 1 MeV)

If Position 2.1 of RG 1.99, Revision 2 results in a higher value of ART than Position 1.1 of RG

1.99, Revision 2, the ART calculated per Position 2.1 must be used. However, if Position 2.1 of

RG 1.99, Revision 2 results in a lower value of ART than Position 1.1 of RG 1.99, Revision 2,

either value of ART may be used.

To calculate ARTypr at any depth (e.g., at 1/4t), the following formula is used to attenuate the

- fast neutron fluence (E > 1 MeV) at the specified depth:

where:

f

fsurface =

f= fsurface *e (-0.24x) (23_4)

calculated fluence at depth, x (10" n/em?, E > 1 MeV)

the value of neutron fluence at the base metal surface of the
RPV at the location of the postulated defect

(10" n/em?, E > 1 MeV)

the depth into the vessel wall measured from the vessel

clad/base metal interface (inches)

The resultant fluence is then put into Equation (2.3-2) to calculate ARTnpr at the specified depth.
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_When two or more credible surveillance capsules have been removed, the measured increase in
reference temperature (ARTxpr) must be compared to the predicted increase in RTnpr for each
surveillance material. The predicted increase in RTnpr is the meén shift in RTnpr calculated by
Equation (2.3-2) plus two standard deviations (204) specified in RG 1.99, Revision 2. If the
measured value exceeds the predicted value (ARTnpr + 204), a supplement to the PTLR must be

provided to demonstrate how the results affect the approved methodology.

Margin is the temperature value that is included in the ART calculations to obtain conservative,
upper-bound values of ART for the calculations required by 10CF R50 Appendix G [4]. Margin

is calculated by the following equation:

Margin = 2\/012 +0'A2 - (2.3-5)

where: "Margin =  the temperature value that is included in the ART

calculations to obtain conservative, upper-bound values of

v ART (°F)
o] = the standard deviation for IRTypr (°F)
A = the standard deviation for ARTnpr (°F)

If IRTnpr is a measured value, o) is estimated from the pfecision of the test method (67 =0 for a
measured IRTypr of a single material). If IRTNDT is not a measured value, and generic mean
values for that class of material are used, o is the standard deviation obtained from the set of
data uvsed to establish the mean. Per RG 1.99, Revision 2, 64 is 28°F for welds and 17°F for base
metal. When surveillance data is used to calculate ARTnpr, Ga values may be reduced by one-

half. In all cases, o, need not exceed half of the mean value of ARTnpr.
Consistent with the above methodology, the BWRVIP has established the ISP that allows sharing

of surveillance program results among participating BWR plants. Appendix A of this report
provides guidance on how to apply the BWRVIP ISP results in the determination of ART.
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The following information should be included in the PTLR with respect to the ART

- calculations:

a. The IRTypr for all RPV materials ahd the method of deterrhining the IRTnpr (i.6., ASME
Code, Generic Communication, Branch Technical Position MTEB 5-2 in Standard

Review Plan 5.3.2 in NUREG-0800, or other NRC-approved methodologies).

b. The chemistry (weight-percent copper and nickel) and ART at the 1/4t location for all

beltline materials.

c. Identify whether "Procedure 1" or "Procedure 2" from Appendix A 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 values.

If surveillance data was not utilized, state why it was not utilized.

2.4  Criteria for Allowable Pressure-Temperature Relationships

The ASME Code requirements [5] for calculating the allowable P-T limit curves for pressure
test, core not critical, and core critical conditions specify that the total stress intensity factor, Kj,
for the combined thermal and pressure stresses at any time during plant heatup or cooldown
conditions cannot be greater than the reference stress intensity factor, Kj, or K, the fracture
toughness for the metal temperature at that time. Two values of fracture toughness may be uséd,
K. or K., depending upon the ASME Code Edition employed in the calculations. Ki, is
obtained from the reference fracture toughness curve, defined in editions of ASME Code,

Section XI, Nonmandatory Appendix G prior to 1999°.

2 In ASME Code, Section 111, Nonmandatory Appendix G, the reference fracture toughnéss is denoted as Ky,
whereas in pre-1999 editions of ASME Code, Section XI Nonmandatory Appendix G, the reference fracture
toughness is denoted as Kj,. However, the Kz and K, curves are identical and are defined with the identical

functional form.
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The Kj, and K. curves are given by the following equations:

Ki.=26.78 + 1.223 * exp [0.0145 (T - ART + 160)] (2.4-1)3
Ki. =33.20 +20.734 * exp [0.0200 (T - ART)] (2.4-2) ,
where: Kia = the reference stress intensity factor for lower bound of

" dynamic and crack arrest toughness (ksivinch )

Ki = the lower bound of static fracture toughness (ksi+/inch )
T = the metal temperature at the postulated 1/4t crack tip (°F)
ART = the ART value calculated as shown in Section 2.3 for the

limiting material for the RPV region under consideration

(°F)

As documented in the Technical Basis Document [9] for ASME Codé Case N-640 [10], K. is
the preferred fracture toughness value for use in P-T curve development since heatup and
cooldown ére slow processes, so static properties are appropfiate. ASME Code Case N-640 was
approved in February 1999 (ahd related Code Case N-641 [11] was approved in January 2000),
and formed the basis for the change from Kj, to K. in editions of ASME Code, Section XI, -
Nonmandatory Appendix G starting with the 1999 Addenda. Based on this, all subsequent
equations in this report utilize the K;, fracture toughness value. For P-T curve submittals where

reference to K;, may be necessary, K, can be substituted for Kj in the equations that follow.

Whereas the fracture toughness expressions are based on the metal temperature at the postulated
1/4t flaw tip, the coolant temperature should be used (i.e., the temperature increase between the
RPV coolant and the 1/4t crack tip should be neglected). Use of the coolant temperature is

conservative for the limiting cooldown condition described below because the metal temperature

3 In some past editions of ASME Code, Section XI, Nonmandatory Appendix G, the equation for Kj, yielded a
slightly higher (0.8%) value than the value shown by Equation 2.4-1 due to a printing error that specified a constant
of 1.233 instead of 1.223. The value of 1.223 is correct and consistent with Welding Research Council Bulletin 175
[8], and NRC Standard Review Plan 5.3.2 [6].
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“lags”, or is warmer than, the coolant temperature. Thus, the use of the coolant temperature will
yield a lower (more limiting) value of fracture toughness than the crack tip metal temperature.
The use of the coolant temperature is considered to be a necessary conservatism in P-T curve

development to ensure that all design margins and safety factors are maintained.

The governing equation for generating P-T limit curves is defined in ASME Code, Section XI,

Nonmandatory Appendix G [5] as follows:

SF * Kim + Kyt < Kje ' (2.4-3)

where: Kim = the stress intensity factor caused by membrane (pressure)
stress (ksi+inch )
Ky = the stress intensity factor caused by thermal gradients

through the RPV wall for Level A and Level B service
limits (i.e., core not critical Curve B and core critical Curve

C) (ksi+inch ) Note: Ky is set to zero for hydrostatic and leak test

calculations since these tests are performed at or near isothermal

conditions (typically 25°F/hr or less).
SF = safety factor

= 2.0 for Level A and Level B service limits (i.e., core not
critical Curve B and core critical Curve C)

= 1.5 for hydrostatic and leak test conditions when the reactor
core is not critical (i.e., Curve A)

Kie = the lower bound of static fracture toughness as a function of

the coolant temperature, T, and the ART (ksi+inch )

At specific times during the limiting cooldown transient, K. is determined by the metal
tempefature at the tip of the postulated 1/4t flaw (conservatively assumed to be the same as the
coolant temperature), the appropriate value for ART at the same location, and the K. fracture
toughness equation (Equation 2.4-2). The thermal stresses resulting from the temperature

gradients through the vessel wall and the corresponding thermal stress intensity factor, Ky, for
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the reference flaw are calculated as described in Section 2.5. From Equation (2.4-3), the limiting
pressure stress intensity factor is obtained and, from this, the allowable pressure is calculated as

described in Section 2.5.

For the calculation of the allowable pressure versus coolant temperature during core not critical
and core critical conditions, the reference 1/4t flaw of ASME Code, Section XI, Nonmandatory
Appendix G is assumed to exist at the inside of the RPV wall. P-T curves developed with this -
flaw assumption are bounding because the controlling location of the flaw is always at the inside
of the vessel wall. This is due to two reasons: (1) the thermal gradients that increase with
increasing cooldown rates produce tensile stresses at the inside surface that would tend to open
(propagate) the existing flaw, and (2) the ART for an inside surface (1/4t) flaw is more limiting
than an outside (3/4t) flaw due to fluence attenuation effects through the RPV wall. Therefore,
P-T curves developed for an inside surface (1/4t) postulated ﬂéw under cooldown conditions
bound the case of an outside surface (3/4t) postulated flaw under heatup conditions. P-T curves

developed on this basis are valid for use under both heatup and cooldown conditions.

In addition to the above, it is also recognized that P-T limits generated for the RPV also are
considered to cover all portions of the RCS piping. There are at least four reasons why the RPV
P-T limits are considered to adequately bound fracture toughness requirements for the RCS |
piping: (1) the RPV is irradiated (thereby experiencing fnatcrial degradation due to neutron
embrittlement) whereas the RCS piping is not, (2) the philosophy behind the design codes used

to evaluate the design of the RPV and piping generally recognize that the RPV is more limiting
than the RCS piping from a structural standpoint, (3) much of the RCS piping is austenitic |
stainless steel, which has ductile behavior and does not experience the fracture coﬁcems that
ferritic material experiences, and (4) stresses are typically higher in the thicker-walled RPV than

in the thin-walled RCS piping.
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Allowable P-T curves are typically generated for a 100°F/hr* cooldown rate, which is the
“limiting cooldown rate typically specified in plant Technical Specifications. However, curves
for other cooldown rates can also be generated to provide a basis for acceptability when |
Technical Specification cooldown rates may be exceeded (i.e., bottom head stratified
conditions), or to help support cases where it is desirable to change plant Technical Speciﬁcation

cooldown rate limits.

Finally, the 1983 Amendment to 10CFR50 Appendix G has rules which address the metal
temperature of the closure head flange and vessel flange regions. These rules state that the metal
temperature of the closure flange regions must exceed the material unirradiated RTnpr by at least
120°F for normal operation and 90°F for hydrostatic pressure tests and leak tests when the
pressure exceeds 20% of the preservice hydrostatic. test pressure. In addition, when the core is

. critical, the P-T limits for core operation (except for low power physics tests) require that the
reactor vessel be at a temperature equal to or higher than the minimum temperature required for
the inservice hydrostatic test, and at least 40°F higher than the minimum permissible temperature
in the corresponding P-T curve for core not critical conditions. These limits must be |

incorporated into the P-T limit curves wherever applicable.

A petition to revise the I0CFR50 Appendix G ﬂaﬁge requirements was submitted by the
Westinghouse Owners Group (WOG) in November 1999 [12], which would eliminate the flange
requirement completely. That petition has been suspended due to additional requirements
requested by the NRC. Some licensees have since elected to pursue elimination of these
requirements on a plant-specific basis. Therefore, until the text of 10CFRS50, Appendix G is
changed, the flange requirements remain in force, but can potentially be eliminated through a

plant-specific exemption request.

* In the context of P-T curve development, a linear 100°F/hr cooldown rate is typically assumed. Due to other
conservatisms inherent in the methodology defined in this report, this rate is considered to cover all cases of “a
100°F change in temperature in any 1-hour period.” In other words, as long as the temperature change in any 1-hour

period is less than or equal to 100°F, the curves developed using a rate of 100°F/hr remain valid for use.
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Figure 2-2 shows an example of a set of pressure test curves applicable for the first 32 effective
full power years (EFPY) of plant operation. Separate curves are defined for the beltline, non-
beltline, and bottom head régions. Figure 2-3 shows an example of core not critical P-T curves
‘using a rate of 100°F/hr applicable for 32 EFPY of plant operation. Allowable combinations of
temperature and pressure for specific temperature change rates are below and to the right of the
limit lines shown in Figures 2-2 and 2-3. Note that the steps in these curves are due to the

previously described flange requirements [4].

2.5 Pressure-Temperature Curve Generation Methodology

In the subsections that follow, finite element analysis is discussed as a possible approach for
providing the necessary stress analysis for RPV regions. If finite element analysis is utilized to

develop P-T limits for any RPV region, the following informatioh shall be provided in the PTLR:
a. Identify the computer code(s) that were used in the finite element stress analysis.

b. For any computer ¢odes used describe how the code(s) were verified or
benchmarked. Computer code verification shall be in accordance with a quahﬁed 10
CFR 50 Appendix B Quality Assurance Program. As a part of computer code
verification, benchmarking consistent with NRC GL 83-11, Supplement 1 [17] shall
be included.

c. Identify the assumptions and the inputs to the finite element analysis. Necessary
inputs to the analysis include any or all of the following:

e A description of plant operating conditions used (e.g., pressure and
temperature). The conditions used must represent current plant operating
conditions. |

e A description of the heat transfer coefficients used and the methodology used
to calculate them. ‘

e A description of the model developed, including materials, material

properties, finite element mesh pattern, and geometry.
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2.5.1 Thermal Stress Intensity Factor Calculations for Shell Regions

For shell regions remote from discontinuities, there are several methods available for computing
the thermal stress intensity factor, Ky, for use in establishing P-T limits. Three methods
routinely employed by SI are described in this section: (1) the Closed Form Solution Method,
(2) the Section XI Nonmandatory Appendix G Method, and (3) the Welding Research Council
(WRC) Bulletin No. 175 [8] Method. Each of these three methods is described next.

Closed Form Solution Method

For this method, the thermal stress intensity factor, Ky, may be calculated using a closed form

solution using conventional heat transfer and thermal stress methodology. The time-dependent
temperature solution utilized in the cooldown analysis may be based on the following one-

dimensional transient heat conduction equation [16]:

2.5.1-1)

with the following boundary conditions applied at the inner and outer radii of the RPV: -

atr=r; kL -1 (2.5.1-2)
_ or
atr=ro: I _y | (2.5.1-3)
o oo
* where: T = the reactor vessel inner radius (inches)
To = the reactor vessel outer radius (inches)
p = ' the material density (Ib/in®)

=" the material specific heat (BTU/Ib-°F)
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Te

" the material thermal conductivity (BTU/sec-in-°F)

the local metal temperature (°F)

the radial location (inches) |

time (sec)

the heat transfer coefficient between the coolant and the

vessel wall (BTU/sec-in-°F)

- the coolant temperature (°F)

These equations are solved numerically to generate the position and time-dependent temperature

distributions, T(r,t), for all cooldown rates of interest.

With the results of the heat transfer analysis as input, position and time-dependent distributions

of thermal hoop stress are calculated using the formula for the thermal stress in a hollow cylinder

given by Timoshenko [13].

where:

G(‘)(rst) = 1

aF 1|r2+r>" ", } 2
- R jT(r, Ordr+ [T(r,0)rdr - T(r,0)r (2.5.1-4)
—VvVrT r, -1 5 5 .
oe(r,t) = the hoop stre‘ss at locatio.n, r, and time, t (psi)
E the modulus of elasticity (psi)
o the mean coefficient of linear expansion (in/in-°F)
v Poisson's ratio = 0.3

The quantities E and o are temperature-dependent properties. However, to simplify the analysis,

E and o may be evaluated at an equivalent wall temperature at a given time:
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E and o are calculated as a function of this equivalent temperature and the Ea product in -

Equation (2.5.1-4) is treated as a constant in the computation of thermal hoop stress.
The thermal stress intensity factor, Ky, for the thermal hoop stress distribution calculated from

Equation 2.5.1-4 can be celllculat_ed at any specified time during the cooldown for a 1/4t inside

surface defect using the following relationship:

K= (1.0359C, + 0.6322C; + 0.4753C, + 0.3855Cs) vma (2.5.1-6)

where the coefficients Cy, C;, C,, and Cs are determined from the thermal stress distribution at

any specified time during the cooldown using the following form:
o(x) = Co + Cy(x/a) + Cy(x/a)” + C3(x/a)’ (2.5.1-7)

where:

>
Il

the radial distance from the inside surface to any point on

the crack front (inches)

o
I

the maximum crack depth (inches)
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Section XI Nonmandatory Appendix G Method
For this method, the thermal stress intensity factor, Ky, may be calculated using the stress

intensity factor expression from ASME Code, Section XI, Nonméndatory Appendix G [5].

The maximum Kj; produced by a radial thermal gradient for a postulated inside surface defect is:

Ky = 0.953x10° (CR) (£*°) o (2.5.1-8)
where: CR = the cooldown rate (°F/hr)
t = the RPV wall thickness (inches)
K = the thermal stress intensity factor (ksi+/inch )

The through-wall temperature difference associated with the maximum thermal stress intensity
factor, Ky, is determined from Figure G-2214-1 of ASME Code, Section XI, Nonmandatory
Appendix G. The temperature at any radial distance from the vessel surface can be determined
from Figure G-2214-2 of ASME Code, Section XI, Nonmandatory Appendix G for the

maximum thermal stress intensity factor, Ky, with the following restrictions:

(a) The maximum thermal stress intensity factor, Kj;, relationship and the temperature
relationship in Figure G-2214-1 are applicable only for the conditions given in
Paragraph G-2214.3(a)(1) and (2) of ASME Code, Section XI, Nonmandatory
Appendix G. . '

(b) ‘Alternatively, the K, for a radial thermal gradient can be calculated for any
thermal stress distribution and at any specified time during the cooldown for a

1/4t inside surface defect using the following relationship:

Ky = (1.0359C, + 0.6322C; + 0.4753C, + 0.3855C;) vma (2.5.1-9)

where the coefficients Cqy, C;, C,, and C; are determined from the thermal stress

distribution at any specified time during the cooldown using the following form:
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o(x) = Co + Ci(x/a) + Co(x/a)’ + Cy(x/a)’ (2.5.1-10)

where:

~the radial distance from the inside surface to any

point on the crack front (inches)

the maximum crack depth (inches)

Welding Research Council Bulletin No. 175 Method

For this method, the thermal stress intensity factor, Ky, may be calculated using the stress

intensity factor expression from WRC Bulletin 175 [8]:

where: Kt

Osm

Mk

Mg

SIR-05-044-A, Rev. 0

Ta

K, =[o,,1.1M; +0,M,] Q (2.5.1-11)

the thermal stress intensity factor (ksi+/inch )

“the constant secondary membrane stress component from

the linearized thermal hoop stress distribution (psi)

the linear secondary bending stress component from the
linearized thermal hoop stress distribution (psi)

the correction factor for membrane stress as a function of
relative flaw depth, a/t (see Figure 2-4)

the correction factor for bending stress as a function of
relative flaw depth, a/t (see Figure 2-5)

crack depth (inches)

the flaw shape factor modified for plastic zone size,

interpolated from the following:

o/oy 0.1 0.3 0.5 0.7 1.0

Q 1.235 | 1.215 | 1.190 | 1.135 | 1.030

the total thermal stress (psi) =Gy + Osp

the material yield stress (psi)
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2.5.2 Allowable Pressure Stress Intensity Factor Calculations for Shell Regions

The minimum allowable pressure is calculated as a function of coolant temperature using the
allowable fracture toughness, Ky, the applied thermal stress intensity factor, Ky, and the required

safety factor.

For shell regions remote from discontinuities, since BWR RPVs are classified as thin-walled
cylindrical pressure.vessels (R/t>10), thé stress due to applied pressure may be considered as
entirely membrane in nature. Thus, for membrane tension, the membrane tension stress intensity
factor, Klm, for a postulated 1/4t defect is defined in ASME Code, Section XI, Nonmandatory
Appendix G [5] as follows: |

Kim = (Kic - Kie) / SF (2.5.1-12)

where: Kim the allowable stress intensity factor caused by membrane

(pressure) stress (ksi+/inch )
Kic = . the lower bound of static fracture toughness as a function of
the coolant témperature, .T, and the limiting ART for all

 beltline weld and plate materials from Equation 2.4-2
(ksi+inch )

Ky = the thermal stress intensity factor (ksi+/inch )

Note that the thermal stress intensity factor is neglected (i.e., Ki = 0)
Jfor developing the inservice hydrostatic and leak test P-T curve since
the hydrostatic leak test is performed at or near isothermal conditions

(typically 25°F/hr or less).
SF = safety factor

= 2.0 for Level A and Level B service limits (i.e., for core not
critical Curve B and core critical Curve C)
= 1.5 for hydrostatic and leak test conditions when the reactor

core is not critical (i.e., for Curve A)
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The allowable pressure for a 1/4t postulated limiting (axial) defect is defined based on membrane

pressure stress in ASME Code, Section XI, Nonmandatory Appendix G [5] as follows:

Pattow = (Kim t) / (M R) (2.5.1-13)
where: Patow = the allowable internal pfessure (psi)
Km = the allowable stress intensity factor caused by the

membrane (pressure) stress (ksivinch )

t = the RPV wall thickness (inches)
M, = the membrane correction factor for an inside axial surface
flaw:

1.85 for 4/t <2
0.926/t for 2 < ft <3.464
3.21 for A/t >3.464

R; “the vessel inner radius (inches)
- Note in the above expression, since the pressure stress is treated entirely as a membrane stress,

the stress intensity factor due to primary (pressure) bending has been neglected.

2.5.3 Thermal and Pressure Stress Intensity Factor Calculations for Discontinuity Regions

In more recent years, in addition to P-T limits established for the RPV beltline shell region,
separate P-T limits have typically also been developed for two discontinuity regions: (1) the
RPV bottom head, and (2) the RPV non-beltline region, which is typically controlled by the
feedwater nozzle and flange regions. Separate P-T limit curves for the beltline, non-beltline, and
bottom head regions allows greater operational flexibility during transient conditions where
temperatures experienced in these other regions can be significantly different than in the beltline
region. For these discontinuity regions, the same general procedures as those described in

Sections 2.5.1 and 2.5.2 for shell regions apply, except that certain modifications are made to
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develop appropriate stresses for determining the thermal stress intensity factor, Ky, and the
pressure stress intensity factor, Kip, under the presence of discontinuity stresses. Methods for
calculating thermal and pressure stress intensity factors for each of these typical discontinuity
fegions is described in this section. For cases where there is a desire to establish P-T limits for
discontinuity regions other than those described herein, the same general methods as those

described below may be appli'e‘d.v

Bottom Head Region
For the thermal stress intensity factor, Ky, the methodology described in Section 2.5.1 may be

used for the bottom head region. Although the methodology described in Section 2.5.1 is based
on one-dimensional heat transfer and stress solutions for a cylindrical structure, the solution
closely approximates the thermal stress solutions for a sphere or a flat plate due to the large
diameter of the BWR RPV (on the order of 200 inches). Theréfore, the Kj; solution contained in
Section 2.5.1 is deemed appropriate for use in the bottom head région for normal heatup and
cooldown transients. Available thermal stresses from existing stress reports may also be used, as
well as other solution techniques (such as finite element analysis) to develop the bottom head

region thermal stresses.

The nﬁinimum allowable pressure is different for the bottom head region compared to the beltline
shell region due to the spherical bottom head conﬁguration, as well as the presence of bottom
head penetrations. Therefore, methodology is provided below for the calculation of allowable

pressure for the bottom head region that properly accounts for these differences.

For the bottom head region, the stress due to applied pressure is considered as entirely membrane
in nature, with a conservative stress concentration factor applied to account for the bottom head
penetrations. Thus, the membrane tension stress intensity factor, Ky, for a postulated 1/4t defect

is defined in ASME Code, Section XI, Nonmandatory Appendix G [5] as follows:

Kim = (Kic - Ki) / SF (2.5.1-14)
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where:

I<Im

ch

SF

the allowable stress intensity factor caused by the

membrane (pressure) stress (ksi+/inch )
the lower bound of static fracture toughness as a function of
the coolant temperature, T, and the limiting RTypr for all

bottom head plate and weld materials from Equation 2.4-2
(ksi+/inch )
the thermal stress intensity factor (ksi+/inch )

Note that the thermal stress intensity factor is neglected (i.e., K;, = 0)
for developing the inservice hydrostatic and leak test P-T curve since
the hydrostatic leak test is performed at or near isothermal conditions

(typically 25°F/hr or less).

safety factor _

2.0 for Level A and Level B service limits (i.e., for core not
critical Curve B and core critical Curve C)

1.5 for hydrostatic and leak test conditions when the reactor

core is not critical (i.e., for Curve A)

The allowable préssure for a 1/4t postulated limiting (axial) defect is defined based on spherical

membrane pressure stress as follows:

where:

SIR-05-044-A, Rev. 0

Pallow
I(Im

SCF

Paiiow = (2Kim t) / (SCF Mm Ri) (2.5.1-15)

the allowable internal pressure (psi)

the allowable stress intensity factor caused by membrane

(pressure) stress (ksi Jinch )

the bottom head wall thickness (inches)

conservative stress concentration factor to account for
bottom head penetration discontinuities = 3.0

the membrane correction factor for an inside axial surface

flaw:

1.85 for \/t <2
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0.926/t for 2 < +Jt <3.464
3.21 for \t > 3.464

R; = the bottom head inner radius (inches)

Note in the above expression, since the pressure stress is treated entirely as a membrane stress,

the stress intensity factor due to primary (pressure) bending has been neglected.

Non-Beltline Regioﬁ

P-T limits for the non-beltline region are intended to encompass and bound all locations outside
of the beltline region (excluding the bottom head, if it is evaluated separately). The non-beltline
regions are defined as all RPV locations with fluence values less than 1x10"7 n/em? (E > 1 MeV).
Typically, the limiting location outside of the beltline region is the feedwater nozzle, where
stresses are highest due to the most severe thermal transients. However, determination of the
limiting location must also consider the material RTypr. In many cases, a worst-case assumption
of feedwater nozzle stresses and the highest RTnpr of all locations outside of the beltline region
(excluding the bottom head region, if it is evaluated separate.ly) is used. In addition, the flange
requirements discussed in Sections 2.7 and 2.8 are also applied to the non-beltline region P-T
limits. Based on this reasoning, the discussion that follows is based on stresses determined for

the feedwater nozzle.

The stress intensity factors for the feedwater nozzle may be calculated using the results of a
detailed finite element model of the nozzle. In some cases, such results may already be available
from the governing design basis stress report for the feedwater nozzle. The details of the finite
element process are not included here; rather, the extraction of the appropriate finite element

results and their use in developing P-T limit curves is discussed.

For a path through the limiting nozzle inner blend radius corner, as shown in Figure 2-7, the
thermal and pressure hoop stress distributions should be extracted from the finite element model.
Each of the stress distributions should be fit with a third-order polynomial that reasonably fits the

calculated stresses in the region of interest.
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The thermal stress intensity factor, Ky, is computed based on the nozzle corner solution shown in

‘Figure 2-8 for a postulated 1/4t (based on the section thickness) axial defect, as follows:
22 a’ 4a’
K =+ma|0.706 Cy, +0.537| — | Cy; +0.448 - C, +0.393 T Cs; (2.5.1-16)
s T

where: K = the thermal stress intensity factor for'_the limiting

normal/upset transient (ksi Jfinch )
a = 1/4t postulated flaw depth (inches)
t = thickness of the cfoss-section through the limiting nozzle
inner blend radius corner, as shown in Figure 2-7.
Cot, Cit, Cot, C3¢ = thermal stress polynomial coefﬁciénts based on fits to finite

element analysis.

The allowable pressure stress intensity factor, Ky, for a postulated 1/4t defect is defined in

ASME Code, Section XI, Nonmandatory Appendix G [5] as follows:

Kip = (Kic - Kir) / SF (2.5.1-17)
where: Kij, =  the allowable stress intensity factor caused by pressure
stress (ksiv/inch )
Kie = the lower bound of static fracture toughness as a function of

the coolant temperature, T, and the limiting RTnpr for all

non-beltline locations (excluding the bottom head region, if
it is addressed separately) from Equation 2.4-2 (ksiV inch

K;; =  the thermal stress intensity factor (ksiV inch y

Note that the thermal stress intensity factor is neglected (i.e., K;, = 0) for
developing the inservice hydrostatic and leak test P-T curve since the
hydrostatic leak test is performed at or near isothermal conditions (typically

25°F/hr or less).
SF = safety factor
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= 2.0 for Level A and Level B service limits (i.e., for core not
critical Curve B and core critical Curve C)
= 1.5 for hydrostatic and leak test conditions when the reactor

core is not critical (i.e., for Curve A)

The applied pressure stress intensity factor, Kip-applicd, i computed based on the nozzle corner

solution shown in Figure 2-8 for a postulated 1/4t (based on the section thickness) axial defect, -

as follows:
2a a’ 4a’
K jp—appliecd = V7@ | 0.706 Co, +0.537) — | Cy +0.448 - C,p +0.393 e Cyp | (2.5.1-18)

_ T T

where:  Kip.applicd = the applied pressure stress intené_ity factor (ksi+/inch )

a = 1/4t postulated flaw depth (inches)
t = thickness of the cross-section through the limiting nozzle

inner blend radius corner, as shown in Figure 2-7.

Cop, Cips Cap, C3p= pressure stress polyhomial coefficients based on fits to

finite element analysis. _

The allowable pressure, Pjow, for a 1/4t postulated limiting (axial) defect is defined as follows:

Paitow = (Klp P) / I<Ip-applied (251-19)
“where:  Pajjow = the allowable internal pressure (psi)
Kip = the allowable pressure stress intensity factor (ksi vinch )
P = the operating pressure (psi) ’
Kip-applieda = the applied pressure stress intensity factor (ksi vinch )
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2.6 Final P-T Limits and Instrument Uncertainties

‘Once the allowable pressure versus coolant temperature relationship has been calculated in

accordance with one of the methods described in Section 2.5, final P-T limits are calculated as

follows:

where : Tpt
Ut
Pp.r
Py

Ah

Up

Tpr =T+ Uy ' (2.6-1)
Pp-T =P- PH - Up (26-2)

the allowable coolant (metal) temperature (°F)

the temperature instrument uncertainty (°F)

the allowable reactor pressure (psig)

the pressure head to account for the column of water in the
RPV (psig) = pAh

water weight density at ambient temperature (Ib/in’)
elevation between the reactor pressure instrument and the
elevation of the RPV bottom head inside surface (inches)

the pressure instrument uncertainty (psig)

Température and pressure instrument uncertainties shall be determined using appropriate

techniques and good engineering practice. The signs applied to the uncertainties in the above

expressions cause the most conservative shift in P-T limits (i.e., downward and to the right).

2.7 Closure Head/Vessel Flange Requirements

10 CFR Part 50, Appendix G [4] contains the requirements for the minimum metal temperature

of the closure head flange and vessel flange regions. These requirements state that the metal

temperature of the closure flange regions must meet the following requirements:
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Curve A (Hydrostatic Pressure and Leak Tests)

The following additional minimum temperature requirements apply to the non-beltline P-T limits
for Curve A (core is not critical and with fuel in the vessel), per Table 1 of 10CFR50, Appendix
G [4]: '

o If the pressure is greatér than 20% of the pre-service hydro test pressure’, the temperature
must bev greater than the RTxpr of the limiting flange material + 90°F.

e If the pressute is less than or equal to 20% of the pre-service hydro test pressure, the
minimum temperature must be gréater than or equal to the RTnpr of the limiting flange

material.

‘The above requirements cause a temperature shift in Curve A at 20% of the pre-service system

hydrotest pressure.

Curve B (Core Not Critical) ‘

The following additional minimum temperature requirements apply to the non-beltline P-T limits

for Curve B, per Table 1 of 10CFRS50, Appendix G [4]:

e If the pressure is greater than 20% of the pre-service hydro test preSsure, the temperature
must be greater than the RTnpr of the limiting ﬂémge material + 120°F.

e Ifthe pressure is less than or equal to 20% of the pre-service hydro test pressure, the
minimum temperature must be greater than or equal to the RTnpr of the limiting flange

material.

The above requirements cause a temperature shift in Curve B at 20% of the pre-service system

hydrotest pressure.

’ Typically, the pre-service system hydrotest pressure is 1,563 psig, which corresponds to 1.25 times the typical GE
BWR design pressure of 1,250 psig. Thus, 20% of the pre-service system hydrotest pressure corresponds to

312 psig.
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Curve C (Core Critical) _
Curve C is generated from the requirements of 10CFR50, Appendix G [4]. The following
additional minimum temperature requirements apply to the non-beltline P-T limits for Curve C,

per Table 1 of 10CFR50, Appendix G:

e The Curve C P-T limits shall be 40°F above any Curve A or B limits. Curve B is more
limiting than Curve A (due to a higher safety factor and the presence of thermal stresses),
so Curve C values are at least Curve B plus 40°F. '

e For a BWR with water level within the normal range for power operation, the allowed
temperature for initial criticality at the closure flange region is (RTnpr + 60°F) at .
pressures below 20% of the pre-service system hydrotest pressure. In addition, above
20% of the pre-service system hydrotest pressure, the Curve C temperature must be at
least the greater of the RTnpr of the limiting closure region + 160°F, or the temperature

required for the hydrostatic pressure test (Curve A at the test pressure).

The above requirements cause a temperature shift in Curve C at 20% of the pre-service system

hydrotest pressure.

The above flange requirements were originally based on concerns about the fracture margin in
the closure flange region. During the boltup process, stresses in this region typically reach over
70% of the steady-state stress, without being at steady-state temperature. The temperature
margins and the pressure limitation of 20% of pre-service hydrotest pressure were developed
using the Kj, fracture toughness in the mid-1970s. Improved knowlédge of fracture toughness
and other issues which affect the integrity of the reactor vessel have led to a more recent change
to allow the use of Ky in the development of P-T curves, as discussed previously (i.e., ASME
Code Cases N-640 and N-641). |

As discussed in Section 2.4, a petition was made by the WOG in November 1999 [12] to
eliminate the flange requirements contained in 10CFR50, Appendix G. From that petition, the
discussion given in WCAP-15315 [14] concludes that the integrity of the closure head/vessel

flange region is not a concern for any of the operating plants using the Ky fracture toughness. In
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addition, there are no known mechanisms of degradation for this region, other than fatigue.
However, the calculated design fatigue usage for this region is typically high for most BWR
plants (i.e., greater than 0.8) due to the high bolt preload stresses, so it cannot be necessarily
.concluded that fatigue flaws are unlikely to initiate in this region. Therefore, the boltup
requirements contained in 10CFR50, Appendix G should be used until a revision to 10CFRS50,
Appendix G is made, or unless a plant-specific exemption is performed to demonstrate that the

flange requirerhents can be eliminated from the P-T curves.

2.8  Minimum Boltup Temperature

For conditions where the core is not critical, the minimum boltup temperature is equal to the
material RTnpr of the limiting region affected by boltup stresses per Table 1 of 10CFR50,
Appendix G [4]. The RTnpr is calculated in accordance with the methods described in Branch
Technical Position MTEB 5-2 [6]. Consistent with the Westinghouse position [15], the |
minimum boltup temperature shall not be lower than 60°F. Thus, the minimum boltup

temperature should be 60°F or the material RTnpr, whichever is higher.
As discussed in Section 2.7, for conditions where the core is critical, the minimum boltup

temperature is equal to the material RTnpr of the limiting region affected by boltup stresses +

60°F.
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Figure 2-1. Example of a Charpy Impact Energy Curve Used to Determine IRTnpr
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Figure 2-2. Sample Pressure Test P-T Limit Curves for 32 EFPY
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Figure 2-3. Sample Core Not Critical P-T Limit Curves for 32 EFPY
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Figure 2-4. Membrane Stress Correction Factor (Mk) (WRC Bulletin No. 175 Method)
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Figure 2-5. Bending Stress Correction Factor (Mp) (WRC Bulletin No. 175 Method)
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Figure 2-6. Nozzle Stress Intensity Factors (Figure AS-1 of WRC Bulletin No. 175)
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Figure 2-7: Nozzle Thickness Definition
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Figure 2-8: Stress Intensity Factor Solution for a Nozzle Corner Crack

N : '97204r0

SIMULATED 3-D NOZZLE CORNER CRACK

SIR-05-044-A, Rev. 0 2-36



3.0 STEP-BY-STEP PROCEDURE FOR CALCULATING P-T LIMIT CURVES

A step-by-step procedure for developing P-T limits using the methodology described in Section

2.5 is provided in this section.

There are typically three RPV regions that are evaluated with respect to P-T limits: (1) the
beltline region, (2) the bottom head region, and (3) the non-beltline region including the flanges.
Most typically, the non-beltline region is controlled by the feedwater nozzle, where thermal
stresses are highest. The non-beltline region should account for the worst RTnpr of all RPV
materials outside of the beltline region, as well as minimum flange temperature requirements
(see Sections 2.7 and 2.8).  P-T limit curves may also be developed for other RPV regions to
provide additional operating flexibility; however, for RPV regions other than those defined in
Section 2.0 of this report, licensees are required to submit methodologies to the NRC for review

and approval prior to use.

The approach used for calculating the pressure test (Curve A), core not critical (Curve B), and

core critical (Curve C) P-T limit curves for each of these regions is summarized as follows:
a. Evaluate surveillance data in accordance with Appendix A of this report.
b. Assume a coolant temperature, T. The temperature drop from the fluid to the metal
temperature at the assumed flaw tip (i.e., T at 1/4t) is conservatively assumed to be

zero and metal temperature is assumed equivalent to coolant temperature.

C. Calculate the allowable stress intensity factor, K., using Equation 2.4-2 for the

assumed fluid temperature, T, and the limiting ART for the region being evaluated.

d. Calculate the thermal stress intensity factor, Ky, using one of the methods described

in Sections 2.5.1 or 2.5.3.
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e. Calculate the allowable pressure stress intensity factor, Kin or Kyp, using the methods

described in Sections 2.5.2 or 2.5.3.

f. Calculate the allowable pressure, P,jow, using the methods described in Sections.2.5.2
or 2.5.3.
g. Repéat steps (b) through (f) for other temperatures to generate a series of P-T points.

The resulting pressure and temperature series constitutes the P-T curve. The P-T
curve relates the minimum required coolant temperature to the allowable measured

reactor pressure.

h. For the non-beltline P-T limits, apply the additional minimum temperature

requirements described in Sections 2.7 and 2.8.

i Apply any applicable adjustments to the final temperatures and pressures, as

described in Section 2.6.

Typical P-T limit Curves A and B genérated from the above procedure are shown in Figures 2-2
and 2-3. '

A template PTLR is included in Appendix B of this report. The supporting documents
referenced by the PTLR contain all calculations necessary for the development of the P-T curves
contained in the PTLR in accordance with the above steps and the methodology provided in this

report.
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APPENDIX A: : _
GUIDANCE FOR THE USE OF BWRVIP ISP SURVEILLANCE DATA

This appendix provides guidance for the use of BWR surveillance data for developing pressure-

temperature limit curves and other vessel integrity evaluations.
A.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 [A-1]. A representative material is a plate or weld material that is selected from among
~ all the existing piant surveillance programs or the Supplemental Surveillance Program (SSP)
[A-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 [A-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 the 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

[A-4].

The BWRVIP ISP has been generically approved by the NRC and is documented in a safety

evaluation [A-5]. Owners incorporate the ISP on a plant-specific basis via a license amendment.
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A.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 which is located in the vessel beltline
(e.g., heat numbers match), then Procedure #1 can be used as a guide for evaluating
the new information. A new ART should be calculated for the vessel material to

determine whether plant vessel integrity evaluations are affected.

2. Ifthere 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.

A3  Reporting

The following information should be reported to the BWRVIP following the evaluation of

surveillance data.

1.  After vessel integrity evaluations (e.g., ART tables) are updated, the plant should
provide an informational copy of the revised ART tables for th_é 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.

2. 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:

Updated fluence values for the beltline region inside surface and 1/4t po‘sitions;
b. Revised capsule fluence estimates;
c. Revised ART calculations for beltline materials resulting from the revised

fluence, with fluence, CF, and margin clearly specified for each material.
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This information is particularly vital to the BWRVIP ISP, because any revisions to
capsule fluence estimates can affect RTypr shift calculations for that material — with a

~ direct effect on any other plants using that data for CF.
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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 RTypr + ARTnpt + Margin (1)

This procedure is designed to determine the “ARTypr” and “Margin” terms of the ART

equation. The “Initial RTnpy” is established by the plant according to the definition below.

Definitions and Background

The guidance provided by this procedure is based on Regulatory Guide 1.99, Rev. 2, with
clarifications as noted by References [A-4] (1998 NRC Presentation) and [A-6]
(10CFR50.61, PTS Rule). '

Initial RTnpr is the reference temp_erature for the unirradiated material as defined in
Paragraph NB-2331 of Section III of the ASME Boiler and Pressure Vessel Code. Some
plants have measured valués of initial RTnpr; 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
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B-5 weld fluxes [A-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.

ARTypr is the mean value of the adjustment in reference temperature caused by irradiation,

as calculated by the equation:
ARTNDT — (CF) f(0.28 -0.1logf) (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 Table 2 (base metal), which
are repeated in this appéndix as Table A-1 and Table A-2, respectively, 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 (10" n/em?, E > 1 MeV), is determined

as follows:
f= fsurf (e -0.24x) ) (3)

where f.¢ (1019 n/em?, 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. |

£028-0.110g

The fluence factor, , 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 1{0'12 + O'i @)
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where o is the standard deviation for the initial RTnpr. If @ measured value of initial RTnpr
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, oy is the standard deviation obtained from the set of data used td establish
- the mean. If the generic mean Initial RTnpr value of a Linde 80, 0091, 1092 and 124 or
ARCOS B-5 weld is usedi, then oy is 17°F [A-6]. The standard deviation for ARTnpr, G4, 1S
28°F for welds and 17°F for base metal, except that 6, need not exceed 0.50 times the mean

value of ARTNDf.

Procedural Steps

1. Verify Heat Number Match
This recommended procedure is applicable only in the case that the heat humber 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' forithis Heat
Review the ISP surveillance data for this heat. Are there two or more reported
surveillance data points for this material? If YES, proceed to Step 3. If NO, then skip to ‘
Step 5. | A »

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.
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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, appropriate temperature adjustments to

| the surveillance data may be required. An appropriate temperature adjustment is a
1°F degree increase in ARTnpr per 1°F decrease in irradiation temperature [A-7]. |
Alternatively, the temperature adjustment can be determined using appropriate
NRC guidance. Any temperature adjustments shall be identified and described in
the PTLR. v

c. If the vessel temperature credibility criterion is confirmed, then the plant should
declare the surveillance data to be “credible” or “not credible” for its vessel,
depending on the BWRVIP evaluati.on 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 [A-4 ]. Those circumstances will be explained in detail in the
following steps.

d. Scatter in the plots of Charpy energy versus température 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
ARTynpr values about a best-fit line drawn as described in Reg. Guide 1.99 Rev. 2,
Regulatory Position 2.1, normally should be less than 28°F for welds and 17°F for
base metal. Even if the ﬂﬁence 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 cleaﬂy deterxﬁined, following the
definition given in ASTM E185-82.
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4. Determine Chemistry Factor (Two or more Surveillance Data)
This step applies only when there are two 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.

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, duplicated in this appendix as Table A-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 (Reference [A-4], Case 3).

4) If the fitted results give a lower Valué,_ 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 (Reference [A-4], Case 2).

5) Skip to Step 6. |

4b.  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, (i.e., 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
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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, duplicated in this appendix as Table A-1) for the best estimate
chemistry of the vessel weld. |

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 [A-1]. Calculation of the best estimate
chemistries for all other vessel materials Should be determined in
accordance with the NRC practice documented in Reference [A-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.

2) Determine the Table CF for the best estimate chemistry of the surveillance
weld (Table CFgsyrv. chem)-

3) Calculate an Adjuste'd Surveillance CF by the following equation:

Table CF.Vessel Chem.

Adjusted Surv. CF = (

j * CFFitted Data )
Table CFSurv. Chem.

4) Compare the Adjusted Surveillance CF to the Table CFyegsel Chem.-

5) If the Adjusted Surveillance CF is higher than the Table CFyessel cnem, then the
Adjusted Surveillance CF should be used as the CF in Step 5 (calculation of
ARTnpr). This is true even if the surveillance data were not credible because
of excessive scatter.

6) If the Adjusted Surveillance CF is less than the Table CFyegsel 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
CFvessel crem», and the surveillance data are not credible, then the higher (e.g.,
Table CFyessel chem) must be used.

7) Skip to Step 6.
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5. Determine Chemistry Factor (No Surveillance Data, or One 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 (duplicated in this appendix as Tables A-1 and A-2), 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 cd_lculated by the BWRVIP, as documented in
BWRVIP-86-A [A-1]. Calculation of the best estimate chemistries for all other
vessel materials should bé determined in accordance with the NRC practice
documented in Reference [A-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), duplicated in this
appendix as Tables A-1 and A-2, respectively, proceed to Step 6.

6. Calculate ARTnpr
Calculate the transition temperature shift at the 1/4t position in the vessel, AR Tnpr 1/4T,
using the appropriate CF value determined in Step 4 or 5 and the prbjected_ fluence at the

1/4t location, f),4T, using equation (6):

0.28-0.1logf, '
ARTNpTI4T = CF (f1/4T)( ogfi/ar) ©)

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
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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 ARTypr.
8. Calculate the ART for the Vessel Material

Calculate the ART for the vessel material using Equation (1) and the values for ARTnpr

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 RTypr + ARTnpT + Margin ) (1)
This procedure is designed to assist the plants in using the ISP surveillance data to determine
the “ARTnpr” and “Margin” terms of the ART equation. The “Initial RTnpr” is established -

by the plant according to the definition below.

Definitions and Background

Initial RTnpr is the reference tefnperature for the unirradiated materi_al as defined in
Paragraph NB-2331 of Section III of the ASME Boiler and Pressure Vessel Code. Some
plants have measured values of initial RTnpr; 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 aﬁd ARCOS
B-5 weld fluxes [A-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.
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ARTnpr is the mean value of the adjustment in reference temperature caused by irradiation,

as calculated by the equation:
ARTNDT — (CF) f(028 -0.1 IOg f) (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 Table 2 (base metal),
duplicated in this appendix as Tables A-1 and A-2, respectively, 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 (10" n/cm?, E > 1 MeV), is determined

as follows:
£= fourr (e 7% | 3)

where fout (1_019 n/cmz, 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.

£(028-0.110g f)

The fluence factor, , 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 =21f0'12 +0'i | : 4

where o is the standard deviation for the initial RTnpr. If a measured value of initial RTnpt

for the material in question is available, o is to be estimated from the precision of the test

SIR-05-044-A, Rev. 0 - A-13



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 RTypr value of a Linde 80, 0091, 1092, and 124 or
ARCOS B-5 weld is used, then o7 1s 17°F. The standard deviation for ARTnpr, 64 , 1s 28°F
for welds and 17°F for base metal, except that 6 need not exceed 0.50 times the mean value

of ARTNDT .

Procedural Steﬁs

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), duplicated in this appendix as Tables A-1 and A-2,

respectively, based on the best estimate chemistry of the VésSel 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 [A-1]. Calculation of the best estimate chemistries for all other
vessel materials shouZa’ be determined in accordance with the NRC practice v
documented in Reference [A-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.
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4. Calculate ARTnpT
Calculate the transition temperature sh_ift at the 1/4T position in the vessel, ARTnpT 1/47,
using the CF value determined in Step 3 and the projected fluence at the 1/4T location,

fi/41 , using equation (6):

28-0.11logf;
ARTNp 4y = CF (f 47 ) 028 08 far) (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 AR Tnpr-

6. Calculate the ART for the Vessel Material
Calculate the ART for the vessel material using Equation (1) and the values for ARTnpr

and Margin determined above.
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Table A-1
Chemistry Factor for Welds (°F)

Copper Nickel, Wt-%
Wt-% 0 0.20 0.40 0.60 0.80 1.00 1.20

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 i61
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 T 243 272
0.26 113 130 151 180 212 246 276
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
0.31 136 151 172 198 228 260 293
0.32 140 155 175 202 231 263 296
0.33 144 160 180 205 234 266 299
0.34 149 164 184 209 238 269 302
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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Chemistry Factor for Base Metal (°F)

Table A-2

Copper Nickel, Wt-%
Wt-% 0 0.20 0.40 0.60 0.80 1.00 1.20
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
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
0.31 134 151 172 198 228 255 266
0.32 139 155 175 202 231 260 274
0.33 144 160 180 205 234 264 282
0.34 149 164 184 209 238 -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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1.0 Purpose

The purpose of the Susquehanna Steam Electric Station (SSES) Pressure and Temperature

Limits Report (PTLR) is to presént'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 fates;

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 ﬂangé boltup temperature limits.

This report has been prepared in accordance with the requirements of Technical Specification
(TS) 5.6.6, “Reactor Coolant System (RC'S) PRESSURE AND TEMPERATURE LIMITS
REPORT (PTLR).”

2.0 Applicability

This report is applicable to the SSES Units 1 and 2 RPVs 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;

SIR-05-044-A, Rev. 0 B-4
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3.0 Methodology

The limits in this report were derived from the NRC-approved method_s listed in TS 5.6.6,

using the specific revisions listed below:

1) The neutron fluence was calculated per the DORT computer code, approved in

Reference 6.1.

2) The pressure and temperature limits were calculated per Structural Integrity
Associates, Inc. Report No. SIR-05-044, Revision C, “Pressure-Temperature Limits
Report Methodology for Boiling Water Reactors,” October 2005. 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:
e Initial issue of 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.
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4.0 Operating Limits

The pressure-terhperature (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.

The operating limits for pressure and temperature are reqﬁired for three categories of
operation: (a) hydrostatic pressure tests and leak tests, referred to as Curve A; (b) core not
critical operation, referred to as Curve B; and (c) core critical operation, referred to as Curve

C.

Complete P-T curves were developed for 32 EFPY for SSES Units 1 and 2, as documented in
Reference 6.3. The SSES Unit 1 P-T curves are provided in Figures 1 through 3, and a
tabulation of the curves is included in Tables 1 through 3. The SSES Unit 2 P-T curves are

provided in Figures 4 through 6, and a tabulation of the curves is included in Tables 4
through 6. ’

Heatup and Cooldown rate limit during Hydrostatic and Class 1 Leak Testing (Figures 1 and
4: Curve A): <25°F/hour’.

Normal Operating Heatup and Cooldown rate limit (Figures 2 and 5: Curve B - non-nuclear

heating, and Figures 3 and 6: Curve C - nuclear heating): < 100°F/hour?.

! Interpreted as the temperature change in any 1-hour period is less than or equal to 25°F.

? Interpreted as the temperature change in any 1-hour period is less than or equal to 100°F.
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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: < S0°F.

RPV flange and adjacént shell temperature limit: > 70°F.

5.0 Discussion

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
(RG 1.99) provides the methods for determining the ART. The RG 1.99 methods for |
détermining the limiting material and adjusting the P-T curves using ART are discussed in

this section.

The vessel beltline copper and nickel values were obtained from the evaluation of the SSES
Surveillaﬁce Capsules (References 6.4 and 6.5). 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 peak RPV ID fluence used in the P-T curve evaluation for 32 EFPY is 9.2x10' n/cm’
for SSES Unit 1, and 7.8x10"" n/cm” for SSES Unit 2/, which were calculated using methods
that comply with the guidelines of RG 1.190 (Reference 6.1) — Editorial Note: It is
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recognized that this clause does not apply for the example given in this template, but this is a

" mandatory réquirement Jor any PTLR submittals] .

These fluence values apply to the limiting lower-intermediate plates for both SSES units.
The fluence values were adjusted for the lower intermediate plates based upon an attenuation
factor of 0.691 for a postulated 1/4t flaw. As a result, the 1/4t fluence for the limiting lower-
intermediate plates is 6.4x10'" n/cm? for SSES Unit 1, and 5.4x10"" n/cm® for SSES Unit 2.

The P-T curves for the core not critical and core critical 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 surface flaw)
and the 3/4t location (outside surface flaw). This is becéuse the thermal gradient tensile
stress of interest is in the ihner 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 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 éonditions during normal operation, which is well above the P-T 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 criticél 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
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heatup and cooldown temperature rate of < 25°F/hr must be maintained. The P-T limits and
corresponding limits of either Curve A or B may be applied, if necessary, while achieving or
recovering from test conditions. So, although Curve A applies during pressure testing, the
limits of Curve B may be conservatively used during pressure testing if the pressure test

heatup/cooldown rate limits cannot be maintained.

The initial RTnpr, the chemistry (weight-percent copper and nickel) and adjusted reference
temperature at the 1/4 thickness location for all RPV belﬂine materials significantly affected
by fluence (i.e., fluence > 10'" n/cm? for E > 1 MeV) are shown in Table 7 for SSES-1 and
Table 8 for SSES-2. The initial RTnpr values shown in Tables 7 and 8 were developed using
the procedures of Branch Technical Position MTEB 5-2 in Standard Review Plan 5.3.2 in
NUREG-0800, and they have been previously approved for use by the NRC [6.6].

For SSES-1, limiting RPV plate C-2433-1, BWRVIP “Procedure 1” was utilized since the
heat number of this material is identical to the heat number of the BWRVIP ISP
Representative Material. Surveillance data was not used in thé evaluation procedure since
there are not yet two or more credible data sets available for this material. For limiting RPV
weld 494K2351, BWRVIP “Procedure 2 was utilized since the heat number of this material
is different than the heét number of the BWRVIP ISP Representative Material. Surveillance
data was not used in the evaluation procedure since there are not yet two or more credible
data sets available for this material. Therefore, Regulatory Guide 1.99, Revision 2 chemistry

factors were used in the determination of the ART values for all materials for SSES-1.

For SSES-2, limiting RPV plate C-2421-3, BWRVIP “Procedure 2” was utilized since the
heat number of this material is different than the heat number of the BWRVIP ISP
Representative Material. Surveillance data was not used in the evaluation procedure since

there are not yet two or more credible data sets available for this material. For limiting RPV
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weld 624263, BWRVIP “Procedure 2” was utilized since the heat number of this material is
different than the heat number of the BWRVIP ISP Representative Material. Surveillance
data was not used in the evaluation procedure since there are not yet two or more credible
data sets available for this material. Therefore, Regulatory Guide 1.99, Revision 2 chemistfy

factors were used in the determination of the ART values for all materials for SSES-2.

The only computer code used in the determination of the SSES P-T curves was the ANSYS
(Version 4.4) ﬁnit¢ element computer program for the feedwater nozzle (non-beltline)
stresses. This program was controlled under the vendor’s 10 CFR 50 Appendix B Quality
Assurance Program for nuclear quality-related work. Benchfnarking consistént with NRC
GL 88-13, Supplement 1 was performed as a part of the computer> program verification by
comparing the solutions produced by the computer code to hand calculations for several
problems. The following inputs were used as input to the finite elefnent analysis [Editorial

note: The following items must be included on a plant-specific basis]:

e Plant operating conditions must be listed here. T hese conditions répresent current
plant operating conditions. |

e Heat transfer coefficients must be listed here. These values were developed using
conventional heat transfer methods for forced convection flow on a vertical flat pldte.

e 4 descripﬁon of the finite element model must be listed here, ‘including materials,

material properties, finite element mesh pattérn, and gebmetry.
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Figure 1: SSES Unit 1 Pressure Test (Curve A) P-T Curves
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Figure 2: SSES Unit 1 Core Not Critical (Curve B) P-T Curves
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Figure 3: SSES Unit 1 Core Critical (Curve C) P-T Curve
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Figure 4: SSES Unit 2 Pressure Test (Curve A) P-T Curves
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| Figure 5: SSES Unit 2 Core Not Critical (Curve B) P-T Curves
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Figure 6: SSES Unit 2 Core Critical (Curve C) P-T Curve
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Table 1: SSES Unit 1 Pressure Test (Curve A) P-T Curves

Beltline Region

Revised Pressure-Temperature Curve Calculation
(Pressure Test = Curve A}

Inputs: Plant = Susquehanna
Component = Beltline
Vessel thickness, t = 6.1875 inches, so t = 2.487 vinch
Vessel Radius, R = 126.6875 inches
ARTypr = 61.4 °F ======> 32 EFPY
Ky = 0.0 ksi*inch"?
ATy = 0.0 °F (no thermal for pressure test)
Safety Factor = 1.5 (for pressure test)
Mpy = 2.303 ’
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 30 psig (hydrostatic pressure for a full vessel)
Hydro Test Pressure = 1,563 psig
Flange RTypr = 10.0 °F
Fluid Calculated Adjusted. Adjusted
Temperature 1/4t Pressure  Temperature Pressure for

T Temperature Kic Kip P for P-T Curve P-T Curve
(°F) (°F) {ksi*inch'®)  (ksi*inch"?) (psig) (°F) (psig)

- - - - - 70 0

70 70 57.83 38.55 817 70 787
75 75 . 60.42 40.28 ' 854 75 824
80 80 63.28 4218 894 ) 80 864
85 85 66.44 4429 - 939 85 909
90 90 69.94 46.62 - 989 90 ' 959
95 95 73.80 49.20 1043 95 1,013
100 100 78.07 52.05 1104 100 1,074
105 105 82.79 55.19 1170 105 1,140
110 ) 110 88.00 . 58.67 1244 110 1,214
115 115 93.77 62.51 1325 115 1,295
120 120 100.14 66.76 1416 120 1,386
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‘Table 1: SSES Unit 1 Pressure Test (Curve A) P-T Curves (continued)

Feedwater Nozzle/Upper Vessel Region

Inputs: Plant= Susquehanna
Component = Upper Vessel (based on FW nozzle)
ARTypr = 40.0 °F ======>  All EFPYs
Vessel thickness, t = 6.5 inches, so Vt 2.55 ~inch
Vessel Radius, R = 126.7 inches
F(a/rn) = 16 ‘nozzle stress factor
Crack Depth, a = 1.63 inches
Safety Factor = 1.5
Temperature Adjustment = 0.0 - °F
Pressure Adjustment = 0.0 psig
Unit Pressure = 1,563 psig
Flange RTypt = 10.0 °F
Fluid Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Klc Kip P for P-T Curve P-T Curve
(°F) (°F) (ksi*inch")  (ksi*inch'?) (psig) (°F) (psig)
- - - - - 70 0
- - - - - 70 3125
- - - - - 100 3125
0 0 42.52 28.34 402 100 402
10 10 44.58 29.72 421 100 421
20 20 47.10 31.40 445 100 445
30 30 50.18 33.45 474 100 474
40 40 53.93 35.96 509 100 509
50 50 58.52 39.02 553 100 553
60 60 64.13 42.75 606 100 606
70 70 70.98 47.32 670 100 670
80 80 79.34 52.90 750 100 750
90 90 89.56 59.71 846 100 846
100 100 102.04 68.03 964 100 964
110 110 117.28 78.19 1108 110 1108
120 120 135.90 90.60 1284 120 1284
130 130 158.63 105.76 © 1498 130 1498
SIR-05-044-A, Rev. 0 B-19
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Table 1: SSES Unit 1 Pressure Test (Curve A) P-T Curves (concluded)

Bottom Head Region

Revised Pressure-Temperature Curve Calculation
(Pressure Test = Curve A)

Inputs: Plant = Susquehanna
Component = Bottom Head
Vessel thickness, t = 6.1875 inches, so Vt: 2.487 ~inch
Vessel Radius, R = 126.6875 inches
ART\pr = 34.0 °F s=====> 32 EFPY
Ky = 0.0 ksi*inch*?
AT = 0.0 °F (no thermal for pressure test)
Safety Factor = 1.5 (for pressure test)
Stress Concentration Factor = 3.0 Bottom head penetrations
Mn = 2.303
Temperature Adjustment = 0.0 °F
Height of Water for a Full Vessel = 882.0 inches
Pressure Adjustment = 31.85 psig (hydrostatic pressure at bottom head for a full vesse! at 70°F)
Hydro Test Pressure = 1,563 psig
Flange RTypr = 10.0 °F
Fluid Calculated Adjusted Adjusted
Temperature 1/4t Pressure  Temperature Pressure for

T Temperature Kic - Kip P for P-T Curve P-T Curve
(°F) °F) {ksi*inch™)  (ksi*inch'?) (psig) (°F) {pslg)

- - - - - 70 0

70 70 75.80 50.53 714 ) 70 ) 682
75 75 80.28 53.52 757 . 75 725
80 80 85.23 56.82 803 80 ' 771
85 85 90.70 60.47 855 85 823
90 90 96.75 64.50 912 90 880
95 95 103.43 68.95 975 95 943
100 100 110.82 - 73.88 1044 100 1,012
105 105 118.98 79.32 1121 105 . 1,089
110 110 128.00 -85.33 1206 110 1,174
115 115 137.97 91.98 1300 115 1,268
120 120 148.99 99.33 1404 o120 . 1,372
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Table 2: SSES Unit 1 Core Not Critical (Curve B) P-T Curves

Beltline Region

Inputs: Plant = Susquehanna
Component = Beltline
Vessel thickness, t = 6.1875 inches, so t 2.487 ~inch
Vessel Radius, R = 126.6875 inches
ART\pT = 61.4 °F ======> 32 EFPY
Cooldown Rate = 100.0 °Fihr
Ky = 9.08 ksi*inch'?
Safety Factor = 2.0
Mm = 2.303
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 30.0 psig (hydrostatic pressure for a full vessel)
Flange RTyor' = 10.0 °F
Fluid Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for

T Temperature Klc Kip P for P-T Curve P-T Curve
(°F) (°F) {ksi*inch"?)  (ksi*inch'?) (psig) (°F) {psig)

- - - - - 70 0

70 '70.0 57.83 24.37 517 70 487
75 75.0 60.42 25.67 544 75 514
80 80.0 63.28 27.10 575 - 80 545
85 85.0 66.44 28.68 608 85 578
90 90.0 - 69.94 3043 - 645 90 615 .
95 95.0 73.80 32.36 686 . 95 656
100 100.0 78.07 3450 73 100 701
105 105.0 82.79 36.86 782 105 752
110 110.0 88.00 39.46 837 110 807
115 115.0 93.77 42.35 898 115 868
120 120.0 100.14 45.53 965 120 935
125 125.0 107.18 49.056 1040 125 1010
130 130.0 114.96 52.94 1123 130 1093
135 135.0 123.56 57.24 1214 135 1184
140 140.0 133.06 61.99 © 1314 140 1284
145 145.0 143.56 67.24 1426 145 1396
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Table 2: SSES Unit 1 Core Not Critical (Curve B) P-T Curves (continued)

Feedwater Nozzle/Upper Vessel Region

Inputs: Plant = Susquehanna
Component = Upper Vessel
ARTypr = 40.0 °F
Opm = 20.49 ksi @ 1050 psig
Ogp = . 0.22 ksi @ 1050 psig Base Temp
Oem = 16.19 ksi @ 546 °F 90 °F
O = 19.04 ksi @ 546 °F . 90 °F
Oy = 45.0 ksi
My = 2.54
Safety Factor = 2.0
Flalr)= . 1.6
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 0.0 psig
Hydro Test Pressure = 1563 psig
Flange RTypr = 10.0 °F
(\ 1 1atad AJ; $ard A"; A
Pressure  Saturation ) Tota! Temperature Temperature Pressure for
P Temperature oym  Opy  Ogm [ =S [ v Kit Klp Kic T for P-T Curve  P-T Curve
(psig) CF) (ksi) (ksi) (ksi) (ksi) (ksi) R__(ksi’inch'™) (ksltinch'®) (ksitinch'™)  (°F) (°F) (psig)
- - - - - - - - - - - - 70.0 0
50 297.3 0.98 0.01 7.36 865 17.00 1.00 33.3 38 . 41.0 0.0 70.0 50
100 337.7 195 0.02 879 10.34 2111 1.00 39.8 7.7 55.1 - 0.0 . 70.0 100
150 365.8 293 0.03 979 1152 24.27 1.00 443 11.5 67.3 64.9 70.0 150
165.9 3734 324 0.03 10.06. 11.83 25.16 1.00 45.5 12.7 71.0 70.0 70.0 166
200 387.9 3.90 0.04 1058 1244 26.96 1.00 47.9 153 78.5 79.1 79.1 200
250 406.2 488 0.05 11.23 13.20 29.36 1.00 50.8 19.2 89.1 89.6 89.6 250
300 4221 585 006 11.79 13.86 31.57 1.00 53.3 23.0 99.4 98.0 98.0 . 300
312.5 425.7 6.10 007 11.92 14.02 32.10 1.00 539 240 101.9 99.9 99.9 3125
3125 425.7 6.10 007 11.92 14.02 32.10 1.00 539 24.0 101.9 99.9 130.0 3125
350 436.0 6.83 007 1228 14.45 33.63 1.00 55.6 26.8 ©109.3 105.0 130.0 350
400 448.5 781 0.08 1273 1497 35.59 1.00 57.6 30.7 1189 111.0 130.0 400
450 - 459.9 8.78 0.09 13.13 1545 37.45 1.00 59.4 - 345 1284 116.2 130.0 450.
500 470.4 9.76 0.10 13.51 15.88 39.25 1.00 61.1 38.3 137.8 120.9 130.0 500
550 480.1 10.73 0.12 13.85 16.29 40.99 1.00 62.7 -42.2 147.0 125.1 130.0 550
600 489.1 1174 0.13 14.17 16.67 42.67 1.00 64.1 46.0 156.1 129.0 130.0 600
614 491.6 11.98 0.13 14.26 16.77 43.13 1.00 64.5 471 158.7 130.0 130.0 614
650 497.6 12.68 .0.14 14.47 17.02 44.31 1.00 65.5 49.9 165.2 132.5 1325 650
700 505.6 13.66 0.15 14.76 17.35 45.92 0.97 64.9 53.7 1723 135.2 135.2 700
750 5132 14.64 0.16 15.03 17.67 47.49 0.93 63.0 57.5 178.0 137.2 137.2 750
800 520.4 1561 0.17 1528 17.97 49.03 0.88 61.1 61.3 183.6 139.1 1391 800
850 527.3 16.59 0.18 15.53 18.26 50.55 0.84 59.1 65.1 189.3 140.9 140.9 850
800 533.9 17.56 0.19 1576 18.53 52.04 0.80 57.2 68.9 195.0 1427 142.7 900
950 5401 . 18.54 0.20 15.98 18.80 © 53.52 0.76 55.3 727 200.6 144.4 1444 950
1000 546.2 19.51 021 16.20 19.05 54.97 . 073 53.4 76.5 206.3 146.1 146.1 1000
1050 552.0 20.49 0.22 16.40 19.29 56.40 0.69 51.4 80.3 2120 . 147.7 147.7 1050
1100 557.6 2147 023 16.60 19.52 57.82 0.66 49.5 84.1 2176 149.3 1493 - 1100
1150 563.0 2244 0.24 16.79 19.75 59.23 0.63 47.6 87.8 2233 150.8 150.8 1150
1200 568.2 2342 025 16.98 19.97 60.62 0.59 456 91.6 228.9 152.2 152.2 1200
1250 573.3 2439 0.26 17.16 20.18 61.99 0.56 43.7 954 2346 1537 153.7 1250

1300 578.2 2537 0.27 17.33 20.38 63.36 0.53 41.8 99.2 240.2 1565.0 155.0 1300
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Table 2: SSES Unit 1 Core Not Critical (Curve B) P-T Curves (concluded)

Bottom Head Region

Inputs: . Plant = Susquehanna
Component = Bottom Head (Penetrations Portion)
Vessel thickness, t = 6.1875 inches, so vt 2.487 vinch
Vessel Radius, R = 126.6875 inches
Cooldown Rate = 100.0 °F/hr
Safety Factor = 2.0 :
Stress Concentration Factor = 3.0
ARTy\p1 = 34.0 °F
Mpn = 2.303
Ky = 9.08 - ksi*inch'?
Temperature Adjustment = 0.00 °F
Height of full vesse! = 882.0 inches
Pressure Adjustment = 31.85 psig
Unit Pressure = 1563 psig
Flange RTypr = 10.0 °F
Fluid " Calculated Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Klc Klp P for P-T Curve P-T Curve
(°F) (°F) {ksi*inch'?)  (ksi*inch'?) (psig) (°F) (psig)
- - - - - 70 0
70 70.0 75.80 33.36 472 70 440
75 75.0 80.28 35.60 - 503 ) 75 471
80 80.0 85.23 38.08 538 80 506
85 85.0 90.70 40.81 577 85 545
90 90.0 96.75 43.84 620 90 588
95 95.0 103.43 47.18 667 95 635
100 100.0 110.82 50.87 719 100 687
105 105.0 118.98 54.95 777 105 745
110 110.0 128.00 59.46 841 110 809
115 - 115.0 137.97 64.45 911 115 . 879
120 120.0 148.99 69.96 989 120 957
125 125.0 161.17 76.05 - 1075 125 1043
130 130.0 174.63 82.78 1170 130 1138
135 135.0 189.50 90.21 1275 135 1243

140 140.0 205.94 98.43 1391 140 1360
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Table 3: SSES Unit 1 Core Critical (Curve C) P-T Curve

Inputs: Plant = Susquehanna
Component = Upper Vessel
ARTypr = 400  °F
Opm = 20.49 ksi @ 1050 psig
Cpp = 0.22 ksi @ 1050 psig Base Temp
Ggm = 16.19 ksi @ 546 °F 90 °F
Ogp = 19.04 ksi @ 546 °F 90 °F
Oy = 45.0 ksi
My = 2.54
Safety Factor = 20
. Fair,)) = 1.6
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 0.0 psig
Hydro Test Pressure = 1563 psig
Flange RT ot = 10.0 °F
. : Calculated Adjusted Adjusted
Pressure  Saturation Total Temperature Temperature Pressure for
P Temperature Opm Opp  Oam  Ogpy Gotal Kit Kip Klc T for P-T Curve P-T Curve
(psig) (°F) (ksi) (ksi) (ksi) (ksi) (ksi) R ksi‘inch"ksi*inch*?ksi*inch'? (°F} (°F) (psig)
- - - - - - - - - - - - 70.0 .0
50 297.3 098 001 7.36 865 1700 - 100 333 338 410 - 70.0 50
814 324.7 159 0.02 833 980 19.73 1.00 377 62 | 502 30.0 70.0 81
100 337.7 195 0.02 879 10.34 21.11 100 398 77 55.1 42.8 82.8 100
150 365.8 293 0.03 979 1152 24.27 1.00 443 11.5 67.3 64.9 104.9 150
200 387.9 3.90 0.04 10.58 12.44 26.96 1.00 479 15.3 78.5 79.1 119.1 200
250 406.2 4.88 0.05 11.23 13.20 29.36 1.00 50.8 19.2 89.1 © 896 129.6 250
300 422.1 585 0.06 11.79 13.86 31.57 1.00 533 23.0 99.4 98.0 138.0 300
3125 425.7 6.10 0.07 11.92 14.02 32.10 1.00 53.9 240 101.9 99.9 139.9 3125
3125 425.7 6.10 0.07 11.92 14.02 32.10 1.00 539 24.0 101.9 99.9 170.0 3125
350 436.0° 6.83 0.07 12.28 1445 33.63 1.00 556 26.8 109.3 105.0 170.0 350
400 448.5 7.81 0.08 12.73 14.97 35.59 1.00 576 30.7 "118.9 111.0 170.0 400
450 459.9 8.78 0.09 13.13 1545 37.45 1.00 594 345 128.4 116.2 - 170.0 450
500 470.4 976 0.10 13.51 15.88 39.25 1.00 611 383 137.8 120.9 170.0 500"
550 480.1 10.73 0.12 13.85 16.29 40.99 1.00 627 422 147.0 125.1 170.0 550
600 489.1 11.71 0.13 14.17 16.67 4267 1.00 64.1 46.0° 156.1 129.0 170.0 600
614 491.6 11.98 0.13 14.26 .16.77 . 43.13 1.00 645 471 158.7 130.0 170.0 614
650 497.6 12.68 0.14 14.47 17.02 44.31 1.00 655 49.9 165.2 132.5 172.5 650
700 505.6 13.66 0.15 14.76 17.35 45.92 097 649 53.7 172.3 135.2 175.2 700
750 513.2 1464 0.16 15.03 17.67 47.49 093 63.0 57.5 178.0 137.2 177.2 750
800 520.4 15.61 0.17 15.28 17.97 49.03 088 611 61.3 183.6 139.1 179.1 800
850 527.3 16.59 0.18 15.53 18.26 50.55 084 59.1 65.1 189.3 140.9 180.9 850 °
900 533.9 17.56 0.19 15.76 18.53 52.04 080 572 68.9 195.0 142.7 182.7 900
950 540.1 1854 020 1598 18.80 - 53.52 076 553 727 200.6 144.4 184.4 950
1000 546.2 19.51 0.21 16.20 19.05 54,97 073 53.4 76.5 206.3 146.1 186.1 1000
1050 552.0 20.49 0.22 16.40 19.29 56.40 069 514 80.3 212.0 147.7 187.7 1050
1100 557.6 21.47 0.23 16.60 19.52 57.82 066 49.5 84.1 2176 149.3 189.3 1100
1150 563.0 2244 024 16.79 19.75 59.23 063 476 87.8 2233 ° 150.8 190.8 1150
1200 568.2 2342 0.25 16.98 19.97 60.62 059 456 916 228.9 152.2 192.2 1200
1250 573.3 2439 0.26 17.16 20.18 61.99 056 437 95.4 2346 153.7 193.7 1250

1300 578.2 2537 0.27 17.33 20.38 63.36 053 418 99.2 240.2 155.0 195.0 1300
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Table 4: SSES Unit 2 Pressure Test (Curve A) P-T Curves

Beltline Region

Revised Pressure-Temperature Curve Calculation
(Pressure Test = Curve A}

Inputs: Plant= Susquehanna
' Component = Beltline
Vessel thickness, t = 6.1875 inches, soVt= ~ 2487 ~inch
Vessel Radius, R = 126.6875 - inches
ARTypo7 = 46.7 °F ======> 32 EFPY -
Ky = 0.0 ksi*inch*?
AT = 0.0 °F (no thermal for pressure test)
Safety Factor = 1.5 (for pressure test)
Mp = 2.303
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 30 psig (hydrostatic pressure for a full vessel)
Hydro Test Pressure = 1,563 -psig
Flange RTypr = 10.0 °F
Fluid Calculated Adjusted Adjusted
Temperature 1/4t Pressure  Temperature Pressure for

T Temperature Kle Kip P for P-T Curve P-T Curve
(°F) (°F) (ksi*inch'®)  (ksi*inch'?) (psig) (°F) (psig)

- - ‘ - - - 70 0

70 70 66.24 44.16 936 70 906
75 75 69.72 46.48 986 75 956
80 80 73.56 49.04 1040 80 1,010
85 85 77.80 51.87 1100 85 1,070
90 90 82.49 55.00 1166 90 1,136
95 95 87.68 58.45 1239 95 1,209
100 100 93.41 62.27 1320 100 1,290
105 105 99.74 66.49 1410 105 1,380
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Table 4: SSES Unit 2 Pressure Test (Curve A) P-T Curves (continued)

Feedwater Nozzle/Upper Vessel Region

Inputs: Plant = Susquehanna
Component= Upper Vessel (based on FW nozzle)
ARTypr = 30.0 °F ======>  All EFPYs
Vessel thickness, t = 6.5 inches, so it 2.55 “inch
Vessel Radius, R = 126.7 . inches
F(a/rn) = 1.6 nozzle stress factor
Crack Depth, a = 1.63 inches
Safety Factor = 1.5
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 0.0 psig
) Unit Pressure = 1,563 psig
Flange RTypr = 10.0 °F
Fluid Calculated Adjusted Adjusted
Temperature 1/4¢ Pressure Temperature Pressure for

T Temperature Kic Kip P for P-T Curve P-T Curve
(°F) (°F) (ksi*inch"®  (ksi*inch"?) (psig) (°F) {psig)

- - - - - 70 . 0

- - - - - 70 3125

- - - - - 100 3125

0 0 44.58 29.72 421 100 421

10 10 47.10 31.40 445 100 445
20 20 50.18 33.45 474 100 474
30 30 53.93 35.96 509 100 509
40 40 58.52 39.02 553 100 553
50 50 64.13 42.75 606 100 606
60 60 70.98 47.32 670 100 ) 670
70 70 79.34 52.90 750 100 750
80 80 '89.56 59.71 - 846 100 846
90 90 102.04 68.03 964 100 964
100 100 ©117.28 78.19 1108 100 1108
110 110 135.90 90.60 1284 110 } 1284
120 120 .158.63 105.76 1498 120 1498
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Table 4: SSES Unit 2 Pressilre Test (Curve A) P-T Curves (concluded)

Bottom Head Region

Revised Pressure-Temperature Curve Calculation
(Pressure Test = Curve A)

inputs: Plant= Susquehanna
Component= Bottom Head
Vessel thickness, t = 6.1875 inches, so Vt = 2.487 vinch
Vessel Radius, R = 126.6875 inches
ARTyp7 = 24.0 . 32 EFPY
Ky = 0.0
ATy = 0.0 °F (no thermal for pressure test)
Safety Factor = 1.5 (for pressure test)
Stress Concentration Factor = 3.0 Bottom head penetrations
My, = 2.303
Temperature Adjustment = 0.0 °F
Height of Water for a Full Vessel = 882.0 inches
Pressure Adjustment = 31.85 psig (hydrostatic pressure at bottom head for a full vessel at 70°F)
Hydro Test Pressure = 1,563 psig
Flange RTypr = 10.0 °F
Fluid ) Calculated Adjusted Adjusted
Temperature 1/4t Pressure  Temperature Pressure for

T Temperature Kic Kip P for P-T Curve P-T Curve
(°F) (°F) (ksi*inch'®)  (ksi*inch'?) (psig) (°F) (psig)

- - - - . - 70 0

70 70 85.23 56.82 803 70 771

75 75 90.70 60.47 855 - 75 823

80 80 96.75 64.50 912 80 880

85 85 103.43 68.95 975 85 943

90 90 110.82 73.88 1044 90 1,012

95 95 118.98 79.32 1121 95 1,089
100 100 128.00 85.33 1206 100 1,174
105 105 137.97 91.98 1300 105 1,268

110 " 110 148.99 99.33 1404 110 : 1,372
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Table 5: SSES Unit 2 Core Not Critical (Curve B) P-T Curves

Beltline Region

Inputs: . Plant = Susquehanna
Component = Beltline
Vessel thickness, t = 6.1875 inches, so vt 2.487 vinch
Vessel Radius, R = 126.6875 inches’
ART\pr = 46.7 . °F ======> 32 EFPY
Cooldown Rate = 100.0 °F/hr
Ky = 9.08 ksi*inch*?
Safety Factor =. 2.0
My = 2.303
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 30.0 psig (hydrostatic pressure for a full vessel)
Flange RTypt = 10.0 °F
Fluid ) Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for

T Temperature Klc Kip P for P-T Curve P-T Curve -
°F) (°F) {ksi*inch"®)  (ksi*inch'?) (psig) (°F) - (psig)

- - - - - 70 0

70 70.0 66.24 28.58 606 : 70 576

75 75.0 69.72 30.32 643 75 613

80 80.0 73.56 32.24 684 80 654

85 85.0 77.80 34.36 : 729 85 699

90 90.0 82.49 36.71 778 90 748

95 95.0 87.68 39.30° 833 95 803
100 100.0 93.41 4217 894 100 - 864
105 105.0 99.74 45.33 961 105 931
110 110.0 106.74 48.83 1035 110 1005
115 115.0 114.47 52.70 1117 115 1087
120 1200 123.02 -56.97 1208 120 1178
125 125.0 132.46 61.69 1308 125 . 1278
130 130.0 142.90 66.91 1419 130 1389
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Table 5: SSES Unit 2 Core Not Critical (Curve B) P-T Curves (continued)

Feedwater Nozzle/Upper Vessel Region

Inputs: Plant = Susquehanna
Component = Upper Vessel
ARTypr = 30.0 °F
Cpm = 20.49 ksi @ 1050 psig
Opp = . 0.22 ksi @ 1050 psig Base Temp
Ogm = 16.19 ksi @ 546 °F 90 °F
O = 19.04 ki@ 546 °F 90 °F
Oy = 45.0 ks
Mg, = 2.54
Safety Factor = 2.0
Flafr,) = 1.6
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 0.0 psig
Hydro Test Pressure = 1563 psig
Flange RTypr = 10.0 °F
Calculated Adjusted Adjusted
Pressure  Saturation . Total Temperature Temperature Pressure for
P Temperature Gpn Opy  Osm O Ootal Kit Kip Kic T for P-T Curve  P-T Curve
__Ipsig) °F) (ksi) (ksi) (ksi) (ksi) (ksi) R__ (ksi*inch') (ksi*inch'?) (ksi*inch'?) F) °F) {psig)
- - - - - - - - - - - - 70.0 0
50 297.3 098 001 7.36 865 17.00 1.00 333 38 41.0 0.0 70.0 50
100 337.7 195 002 879 -10.34 2111 1.00 39.8 7.7 56.1 0.0 70.0 100
150 - 365.8 293 003 979 1152 L2427 1.00 44.3 11.5 67.3 54.9 70.0 150
200 387.9 3.90 0.04 10.58 12.44 26.96 1.00 479 15.3 78.5 69.1 70.0 200
203.7 389.4 3.98 0.04 10.63 12.50 27.15 1.00 48.1 15.6 79.3 70.0 70.0 204
250 406.2 4.88 0.05 11.23 13.20 29.36 1.00 50.8 19.2 89.1 79.6 79.6 250
300 422.1 585 006 11.79 13.86 31.57 1.00 53.3 23.0 99.4 88.0 88.0 300
3125 425.7 6.10 0.07 11.92 14.02 32.10 1.00 53.9 24.0 101.9 89.9 130.0 3125
3125 . 4257 6.10 0.07 11.92 14.02 32.10 1.00 53.9 24.0 101.9 89.9 130.0 3125
350 436.0 6.83 0.07 1228 14.45 33.63 1.00 55.6 26.8 109.3 95.0 130.0 350
400 448.5 7.81 0.08 1273 14.97 35.59 1.00 57.6 30.7 118.9 101.0 130.0 400
. 450 459.9 8.78 0.09 13.13 1545 37.45 1.00 59.4 345 128.4 106.2 130.0 450
500 470.4 976 0.10 13.51 1588 39.25 1.00 61.1 38.3 137.8 110.9 130.0 500
550 480.1 10.73 0.12 13.85 16.29 "40.99 1.00 62.7 42.2 147.0 115.1 130.0 550
600 489.1 11.71 013 14.17 16.67 42.67 1.00 64.1 46.0 156.1 119.0 130.0 600
650 497.6 12.68 0.14 14.47 17.02 44,31 1.00 65.5 49.9 165.2 12255 130.0 850
700 505.6 13.66 0.15 14.76 17.35 45.92 0.97 64.9 53.7 172.3 125.2 130.0 700
750 513.2 1464 0.16 15.03 17.67 47.49 0.93 63.0 57.5 178.0 127.2 130.0 750
757 514.3 1477 0.16 15.06 17.71 47.71 0.92 62.7 58.0 178.7 127.4 130.0 757
800 520.4 15.61 0.17 1528 17.97 49.03 0.88 61.1 61.3 183.6 129.1 130.0 800
825 523.9 16.10 0.17 15.41 18.12 49.79 086 601 '63.2 186.5 . 130.0 130.0 825
850 527.3 16.59 0.18 1553 18.26 50.55 0.84 591 . 651 189.3 130.9 130.9 850
900 533.9 17.56 0.19 15.76 18.53 52.04 0.80 57.2 68.9 195.0 132.7 132.7 900
950 540.1 18.54 0.20 15.98 18.80 53.52 0.76 55.3 72.7 200.6 134.4 134.4 950
1000 546.2 19.51 0.21 16.20 19.05 54.97 0.73 53.4 76.5 206.3 136.1 136.1 1000
1050 552.0 20.49 0.22 16.40 19.29 56.40 0.69 . 514 80.3 212.0 137.7 137.7 1050
1100 557.6 2147 0.23 16.60 19.52 57.82 - 0.66 48.5 84.1 217.6 139.3 139.3 1100
1150 563.0 2244 0.24 16.79 19.75 59.23 0.63 47.6 87.8 223.3 140.8 140.8 1150
1200 568.2 23.42 0.25 16,98 19.97 60.62 0.59 45.6 91.6 228.9 1422 142.2 1200
1250 5733 2439 0.26 17.16 20.18 61.99 0.56 43.7 95.4 2346 143.7 143.7 1250
1300 578.2 25.37 0.27 17.33 20.38 63.36 0.53 41.8 99.2 240.2 1450 145.0 1300
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Table 5: SSES Unit 2 Core Not Critical (Curve B) P-T Curves (concluded)

Bottom Head Region

Inputs: Plant = Susquehanna
Component = Bottom Head (Penetrations Portion)
Vessel thickness, t = 6.1875 inches, so t 2.487 ~inch
Vessel Radius, R=  126.6875  inches )
Cooldown Rate = 100.0 °F/hr
Safety Factor = 2.0
Stress Concentration Factor = 3.0
ARTNDT = 24.0 °F
My = 2.303
Ky = 9.08 ksi*inch "
Temperature Adjustment = 0.00 °F
Height of full vessel = 882.0 inches
Pressure Adjustment = 31.85 psig
Unit Pressure = 1563 psig
Flange RTypr = 10.0 °F
Fluid Calculated Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Kic Kip ' P for P-T Curve P-T Curve
(°F) (°F) (ksi*inch"®)  (ksi*inch'?) (psig) (°F) (psig)
R N - - - .70 0
70 70.0 85.23 38.08 538 70 506
75 75.0 90.70 4081 577 75 545
80 80.0 96.75 43.84 . 620 - 80 588
85 85.0 103.43 47.18 667 85 . 635
90 90.0 110.82 50.87 "719 90 687
95 95.0 118.98 54.95 777 95 745
100 100.0 128.00 59.46 841 100 809
105 105.0 137.97 64.45 911 105 879
110 © 110.0 148.99 ' 69.96 989 110 957
115 115.0 161.17 76.05 1075 115 1043
120 120.0 174.63 82.78 1170 120 1138
125 125.0 189.50 90.21 - 1275 125 1243
130 130.0 205.94 98.43 1391 130 1360
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Table 6: SSES Unit 2 Core Critical (Curve C) P-T Curve

Inputs: Plant = Susquehanna
Component = Upper Vessel
ART\por = 30.0 °F
Gpm = 20.49 ksi @ 1050 psig
Opp = 0.22 ksi @ 1050 psig Base Temp
ogm= ~  16.19 ksi @ 546 °F 90 °F
g = 19.04 ksi @ 546 °F 90 °F
Oy = 45.0 ksi
My = 2.54
Safety Factor = 20
Flarr,) = 1.6
Temperature Adjustment = 0.0 °F-
Pressure Adjustment = 0.0 psig
Hydro Test Pressure = 1563 psig
Flange RTygr = 10.0 °F
) C d Adj d Adj q
Pressure  Saturation Total Temperature Temperature Pressure for
[ 4 Temperature  ogm [ Cym G Ootal Kit Kip Kic T for P-T Curve P-T Curve
(psig) (°F) (ksi)  (ksi)  (ksi) _ (ksi) (ksi) R _ksi*inch"?ksi*inch"?ksi*inch*? (°F) °F) (psig)
- - - - - - - - - - - - 70.0 [}
50 297.3 0.98 0.01 7.36 8.65 17.00 1.00 333 38 41.0 - 70.0 50
95.5 3347 1.86 0.02 8.69 10.22 20.79 1.00 39.3 7.3 54.0 30.0 70.0 96
100" 337.7 1.95 0.02 879 10.34 21.11 1.00 39.8 7.7 55.1 32.8 728 100
150 365.8 293 0.03 979 11.52 24.27 1.00 44.3 11.5 67.3 549 949 150
200 -387.9 3.90 0.04 1058 1244 26.96 1.00 47.9 156.3 78.5 69.1 109.1 200
250 406.2 4.88 0.05 1123 13.20 29.36 1.00 50.8 18.2 89.1 79.6 119.6 250
300 4221 5.85 0.06 1179 13.86 31.57 1.00 53.3 23.0 99.4 88.0 128.0 300
3125 425.7 - 6.10 0.07 1182 14.02 32.10 1.00 53.9 24.0 101.9 839 129.9 3125
3125 4257 6.10 0.07 1192 14.02 32.10 1.00 53.9 24.0 101.9 89.9 170.0 3125
350 436.0 6.83 0.07 1228 1445 33.63 1.00 55.6 26.8 109.3 95.0 170.0 350
400 448.5 7.81 0.08 1273 14.97 35.59 1.00 - 576 30.7 118.9 101.0 170.0 400
450 459.9 8.78 0.09 1313 1545 37.45 1.00 59.4 34.5 1284 106.2 170.0 450
500 470.4 9.76 0.10 1351 15.88 38.25 1.00 61.1 38.3 137.8 110.9 170.0 500
550 480.1 10.73  0.12 1385 16.29 40.99 1.00 62.7 42.2 147.0 115.1 170.0 550
600 489.1 11.71 0.13 1417 16.67 42.67 1.00 64.1 46.0 156.1 119.0 170.0 600
650 497.6 12.68 0.14 1447 17.02 44.31 1.00 65.5 49.9 165.2 1225 170.0 650
700 505.6 13.66 0.15 1476 17.35 45.92 0.97 64.9 53.7 1723 125.2 170.0 700
750 513.2 14.64 0.16  15.03 17.67 47.49 0.93 63.0 57.5 178.0 127.2 170.0 750
757 514.3 1477 0.16 15.06 17.71 47.71 0.92 62.7 58.0 178.7 1274 170.0 757
800 520.4 15.61 0.17 1528 1797 49.03 0.88 61.1 61.3 183.6 129.4 170.0 800
825 523.9 16.10 017 1541 18.12 49.79 0.86 60.1 63.2 186.5 130.0 170.0 825
850 527.3 16.59 0.18 1553 18.26 50.55 0.84 59.1 65.1 189.3 130.9 1709 850
900 533.9 1756 019 1576 1853 52.04 0.80 57.2 ~ 689 195.0 . 1327 1727 800
950 540.1 1854 020 1598 18.80 53.52 0.76 55.3 727 200.6 134.4 174.4 950
1000 546.2 19.51 021 16.20 19.05 54.97 073 53.4 76.5 206.3 136.1 176.1 1000
1050 552.0 2049 022 1640 1829 56.40 0.69 51.4 80.3 212.0 137.7 177.7 1050
1100 557.6 2147 023 16.60 19.52 57.82 0.66 49.5 84.1 217.6 139.3 179.3 1100
1150 563.0 2244 024 1679 1975 59.23 0.63 476 ~ 878 2233 140.8 180.8 1150
1200 568.2 2342 025 1698 19.97 60.62 0.59 45.6 91.6 228.9 142.2 182.2 1200
1250 573.3 2439 026 17.16 20.18 61.99 0.56 43.7 954 234.6 143.7 183.7 1250
1300 578.2 2537 027 17.33 20.38 63.36 0.53 41.8 99.2 240.2 145.0 185.0 1300
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Table 7: SSES-1 ART Calculations for 32 EFPY

Part Name &
Material

Estimated Chemistry Chemistry Adjustments For 1/4t
iD Heat Lot Initial RTnpr _Factor ARTypr {Margin Terms . |ARTpnpy
No. No. No. = (°F) Cu (wt%)|Ni(wt%) (°F) (°F) o, (°F)| i (°F)| EFPY | (°F)

Lower Shell #1
Lower Shell #2

555
Fluence Information

Wall Thickness (inches[' Fluence at ID Attenuation, 1/4t

B5083-1
C0770-2
C0814-2

C0803-1
C0776-1
2433

629616 |L320A27AG
41103071 |L311A27AF |
514/ 307A27AD ]

Fluence @ 1/4t Fluence Factor, FF

Location Full 1/4t EFPY (nicm?) et , (nicm?) f0-28-0.10009 )
Lower Shell #1 6.160 . 1.540 32.00 7.50E+17 0.691 5.18E+17 0.298
Lower Shell #2 6.160 1.540 32.00 7.50E+17 0.691 5.18E+17 0.298
Lower Shell #3 6.160 1.540 32.00 7.50E+17 0.691 5.18E+17 0.298

Lower-Int. Shell #1 6.160 1.540 32.00 9.20E+17 0.691 6.36E+17 0.332
Lower-Int. Shell #2 6.160 1.540 32.00 9.20E+17 0.691 6.36E+17 0.332
Lower-Int. Shell #3 6.160 1.540 3200 9.20E+17 0.691 6.36E+17 0.332

Weld #1 6.160 1.540 32.00 9.20E+17 0.691 6.36E+17 0.332

Weld #2 6.160 1.540 32.00 9.20E+17 0.691 6.36E+17 - 0332

Weld #3 6.160 1.540 32.00 9.20E+17 0.691 6.36E+17 0.332

Notes: 1. Material and fluence information taken from GE Report No. GE-NE-523-169-1292, "Susquehanna Steam Electric Station Unit 1 Vessel

Surveillance Materials Testing and Fracture Toughness Analysis,” March 1993, Table 7-3.
{Note that Table 7-3 has a typographical error for Heat No. C0803-1; refer to NRC RVID2 database and Table 3-1 of the GE Report.)

2. The calculations shown in this table are not fo_r design use, as they utilize outdated fluence results. These calculations are for comparison
purposes only.
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Table 8: SSES-2 ART Calculations for 32 EFPY

) Estimated Chemistry Chemistry Adjustments For 1/4t
Part Name & ID Heat Lot Initial RTypr ’ ' Factor ; ARTypr |Margin Terms ARTwor
Material No. No. No. (°F) Cu (wt%)|Ni(wt%) {°F) (°F) |os (°F){oi(°F)| EFPY | (°F)
Lower Shelt #1 21-1 6C956-1-1 - -20 0.11 0.55 735 201 10.1 0.0 320 20.2
Lower Shell #2 21-2 6C980-1-1 - -20 0.10 0.56 65.0 8.9 0.0 320 156
10 0.10 8

Lower-nt. Shell #2/ 1
Lower-Int. Shell #3 22-3 C2433-2

2 O 10 0.63 65:3 19.9. 100 | 0.0 32.0 41.8

L320A27AG
‘E204A27A [
C109A27A

Fluence Information

Wall Thickness (inches) Fluence at ID Attenuation, 1/4t Fluence @ 1/4t Fluence Factor, FF

Location Full 114t EFPY {nicm?). e {nicm?) f‘° 28-0.10l0g f)
Lower Shell #1 6.160 1.540 32.00 6.40E+17 0.691 442E+17 0.274
Lower Shell #2 6.160 1.540 32.00 6.40E+17 0.691 4.42E+17 0.274
Lower Shell #3 6.160 1.540 32.00 6.40E+17 0.691 4.42E+17 0.274

Lower-Int. Shell #1 6.160 1.540 32.00 7.80E+17 0.691 5.39E+17 0.305
Lower-Int. Shell #2 6.160 1.540 32.00 7.80E+17 0.691 5.39E+17 0.305
Lower-int. Shell #3 6.160 1.540 32.00 7.80E+17 0.691 5.39E+17 ] 0.305

Weld #1 6.160 1.540 32.00 7.80E+17 0.691 5.39E+17 0.305

Weld #2 6.160 1.540 32.00 7.80E+17 0.691 5.39E+17 0.305

Weld #3 6.160 1.540 32.00 7.80E+17 0.691 5.39E+17 - 0.305

Notes: 1. Material and fluence information taken from GE Report No. GE-NE-523-107-0893, Revision 1, "Susquehanna Steam Electrlc Station Unit

2 Vessel Surveillance Materials Testing and Fracture Toughness Analysis,” October 1993, Table 7-3.
(Note that Table 7-3 has a typographical error for Heat No. 6C956-1-1; refer to NRC RVID2 database and Table 3-1 of the GE Report.)

2. The calculations shown in this table are not for design use, as they utilize outdated fluence results. These calculations are for comparison
purpases only.
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Appendix A
SSES Reactor Vessel Material Surveillance Programs

SSES Unit 1:

In accordance with 10 CFR 50, Appendix H, Reactor Vessel Material Surveillance Program
Requirements, the first surveillance capsule was removed from the SSES Unit 1 reactor vessel on
March 27, 1992 as a part of refueling outage number 6 (RFO6) activities. The surveillance
capsule contained flux wires for neutroﬁ 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 aﬁd H.

As described in the SSES Unit 1 Updated Final Safety Analysis Report (UFSAR) Section
5.3.1.6, Material Surveillance, and UFSAR Table 5.3-3,_ the second surveillance capsule is slated
to be removed at 15 EFPY. |

SSES Unit 2:

In accordance with 10 CFR 50, Appendix H, Reactor Vessel Material _Surv'eillanée Program
Requirements, the first surveillance capsule was removed from the SSES Unit 2 reactor vessel on
Septefnber 28, 1992 as a part of refueling outage number 5 (RFO5) activities. 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
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capsule were tested according to ASTM E185-82. The methods and results of testing are
presented in Reference 6.6, as required by 10 CFR 50, Appendices G and H.

As described in the SSES Unit 2 Updated Final Safety Analysis Report (UFSAR) Section
5.3.1.6, Material Surveillance, and UFSAR Table 5.3-3, the second surveillance capsule is slated
to be removed at 15 EFPY.
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NRC RAL

From: Michelle Honcharik [mailto:MCH3@nrc.gov]
Sent: Friday, April 28, 2006 8:22 AM

To: Emerson, Frederick (GE Infra, Energy)

Cc: Conen, Joseph E. (GE Infra, Energy, Non-GE)
Subject: Draft RAls for P-T Limits Report (SIR-05-044)

Please see attached.

Michelle C. Honcharik
NRR/DPR/PSPB
Project Manager
(301) 415-1774

M/S O-7TE1A
mch3@nrc.gov

{See attached file: REQUEST FOR ADDITIONAL INFORMATION.doc)
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REQUEST FOR ADDITIONAL INFORMATION

BOILING WATER REACTOR (BWR) OWNERS' GROUP
TOPICAL REPORT (TR) SIR-05-044, "PRESSURE TEMPERATURE LIMITS REPORT

METHODOLOGY FOR BOILING WATER REACTORS” REVISION 0.

PROJECT NO. 691

All section, page, table, figure, or reference numbers in the questions below refer to items in TR
SIR-05-044, unless specified otherwise.

1. The “Requirements for Methodology and PTLR [Pressure Temperature Limit Report]’
table in Generic Letter (GL) 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 o be included in the PTLR. Discuss how the proposed PTLR
methodology and PTLR satisfy the minimum requirements identified in the GL 98-03
table. If the PTLR methodology or PTLR does not contain all the required information,
revise the PTLR methodology and the PTLR to include the required information.

2. Section 2.5, “Pressure-Temperature Curve Generation Methodology,” describes
methodologies for calculating bending and membrane stresses using computer code
finite element analyses (FEA). If these FEA are to be utilized by I:censees to develop
pressure-temperature (P-T) limits, provide the following:.

a. Identify the computer codes that were used in the finite element stress analysis.
How were the codes benchmarked?

b. Discuss briefly the assumptions and the inputs fo the stress analysis.

¢. Update the TR methodology to requnre licensees to identify the finite element
codes used in the PTLR.

d. Verify that this process for determining bending and membrane stresses will
result in the generation of P-T limits that are at least as conservative as those
which would be generated using the procedures of American Society of
Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code)
Section Xi, Appendix G.

3. Section 2.5.3, “Thermal and Pressure Stress Intensity Factor Calculations for :
Discontinuity Regions,” indicates that the thermal stress intensity factor, Ky, for P-T limits
for nozzies is dependent upon the membrane correction factor for an inside surface axial
flaw and the thickness (t). The thickness term is not defined. Define the thickness to be
used in determining the membrane correction factor for the K analysis for nozzles.
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4. Section 2.5.3 indicates that the thermal stress intensity factor, Ky, for P-T limits for
nozzles is dependent upon the a correction factor, R.  This correction factor is used to
correct the nonlinear effects in the plastic region based on the assumptions and
recommendations of Welding Research Council (WRC) Bulletin 175, "PVRC [Pressure
Vessel Research Committee] Recommendations on Toughness Requirements for
Ferritic Materials.” Describe how the methodology for analyzing nozzles (Equations
2.5.1-15 through 2.5.1-18) complies with WRC Bulletin 175.

5. Section 3.0, "Step-By-Step Procedure for Caloulating P-T Limit Curves,” indicates that
P-T limits may also be developed for other reactor pressure vessel regions to provide
additional operating flexibility. Either delete this statement from the PTLR methodology

-or provide the methodology for developing curves for the other regions and indicate that
licensees will submit for review and approval methodologies for other regions that are
not consistent with methodology discussed in the PTLR methodology.

6. Section 3.0 does not indicate surveillance data is 1o be evaluated in accordance with
‘Appendix A, “Guidance for the Use of BWRVIP [BWR Vessel and Internals Project] ISP
" [Integrated Surveillance Program} Surveillance Data.” Section 3.0 should be revised to
indicate surveillance data is to be evaluated in accordance with Appendix A.

7. Pages A-8, A-9, and A-13 of Appendix A, state: "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.” ' : :

_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 ali 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 PTL.R methodology should indicate that the PTL.R methodology will not be used
in the PTLR process.

8. Appendix A, Procedure 1, Procedural Step 3, “Determine Credibility of Surveillance
Data,” states: "lf 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 PTLR methodology will not be used in
the PTLR process.

9. Appendix A, Procedures 1 and 2, "Definitions and Background," states. "For generic

values [of Initial RTypr] of weld metal, the following generic mean values must be used
unless justification for different values is provided..." '
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In order for other generic values of Initial RTypr to 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 expilicitly or by referencing a

- previously approved methodology, to document the BWRVIP procedura for determining
the Initial RTypr . If the Initial RTypr are not performed in accordance with the approved
procedure, then the PTLR methodology should indicate that the PTLR methodology will
not be used in the PTLR process.

10. Appendix A, Procedure 1, Procedural Step 3, identifies information that the licensee
should review to determine whether the data is "credibie" or "not credible”.

In accordance with Regulatory Guide (RG) 1.99, Revision 2, “Radiation Embrittlement of
Reactor Vessel Materials,” the following criteria should also be evaluated:

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 sels of surveillance data from one reactor, the
scatter of ARTypr 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 shouid be added to Procedure 1, Procedural Step 3, of Appendix A.

11. To ensure that the P-T limits have been developed using the TR methodology, the
following information should be included in the PTLR:

a. The Initial RTnor for all reactor pressure vessel materials and the method of
determining the Initial RTypr (i.e., ASME Code, Generic Communication, Branch
Technical Position - MTEB 5-2 in Standard Review Plan 5.3.2 in NUREG-0800,
or other NRC-approved methodologies),

b. The chemistry (weight»perceht copper and nickel) and adjusted reference
temperature at the 1/4 thickness location for all beltline materials, and

¢. The computer codes used in the FEA to determine for calculating bending and
membrane stresses from Section 2.5.

d. Identify whether "Procedure 1" or "Procedure 2" was utilized to evaluate the
surveillance data. If surveillance data was utilized, provide the surveillance and
the analysis of the surveillance data that was used to determine the adjusted
reference temperature, ART. If surveiliance data was not utilized, state why it
was not utilized.
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BWROG RESPONSE TO RAI

Randy Bunt, Chair

BWR owners’ Group Tel 208) 002 7475

rehuni@southernco.com

c/o Southem Nuclear = 40 inverness Center Parkway = PO Box 1285 » Slrmmgnam AL 356242

Project Number 631
BWROG-06024
August 29, 2006

U. S. Nuclear Regulatory Comumission
Attn: Document Control Desk
Washington, DC 20555-0001

SUBJECT:  Responses to Requests for Additional Information (RAIs) Dated May 3, 2006, Regarding the
BWROG Topical Report SIR-05-044, “Pressure Temperature Limits Report Meihodplogy For
Boiling Water Reactors,” Revision 0 (TAC NO. MC9634)

ENCLOSURE: Resyonses to RAIs
Dear Sir:

Enclosed please find the BWROG responses {Enclosure) to the NRC Request for Additional Informatton on the
subject Topical Report (TR) SIR-03-044. NRC provided the RATs for this report by letter dated May 3, 2006. We
took forward to your timely review of these responses, and would be happy to meet with you to discuss amy
remaining issues.

Should you have additional questions please contact Fred Emerson (BWROG Project Manager) at 910-675-5615 or
Steve Williams (BWROG PTC-SIA Committee Chaimman) at 910-457-2318.

Sincerely,

v

R.C. Bunt
BWR Owners’ Group Chair

cc. D. Celeman, BWROG Vice Chair
Michelle Honcharik, NRC
BWROG Primary Representatives
BWROG PTC-SIA Conunitftee
F.Emerson, GE
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Enclosure

BWROG Response to NRC Request For Additional Information
Beiling Water Reactor (BWR) Owners’ Group
Topical Report (TR) SIR-05-044, "Pressure Temperature Limits Report
Methodology For Boiling Water Reactors,” Revision 0

All section, page table, figure, or referenc-e numbers in the questions below refer fo items in TR SIR-03-
044, unless specified othsrwise.

1. The “Requirements for Methodology and PTLR [Prossure Temperature Limit Report] ™ fable in
Gensric Letter (GL) 96-G3, "Relocation of the Prassure Temperature Limii Curves and Low
Temperaiure Overpressure Protection System Limits,” identifies the minimum reguirements to be
included in the PTLR methodology and the minimum reguiramenis fo be included in the PTLR.
Discuss how the proposed PTLR methodology and PILR safisfy the minimum requirements
idewsified in the GL 96-03 table. If the PTLR methodology or PTLR does not coniain all the
required information, revise the PTLR methodology and the PTLR to include the reqwred
information.

RESPONSE:
The following will be added as a new first paragraph for Section 1.3 of the TR:

“The ‘Requirements for Methodology and PTLR’ table in GL 96-03 identifies the minimum
requirements o be included in the PTLER. methodology, and the mintmum requirements to be
included in the PTLR. Table I-1 provides a suramary of how the PTLR methodology included in
thiz report gatisfies the minimum requirements identified in the GL 96-03 table.”

The table below will be added as new Table 1-1 of the TR.
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Table 1-1: Sumzhary of GL 96-03 PTLR Methodology Requirements

Gaide 1.99, Revision 2.

PROVISIONS FOR APPLICABLE
METHODOLOCGY MINIMUM MINIMUM . SECTION OF LTR
FROM ADMINISTRATIVE REQUIREMENTS TO REQUIREMENTS TO WHERE
CONTROLS BE INCLUDED IN BEINCLUDEDIN - | REQUIREMENTS ARE
SECTION IN §TS METHODOLOGY PTLR - ADDRESSED
The methodology shall Describe transport calenlation | Provide the values of ‘Not covered by this LTR.
describe how the neutron mathods incheding computer | neutron fiuences that are Fluence methods and
fluence is calculated codes and formulas used to used in the adjusted results must comply with
{reference new Regulatory | calculate neutron fuence. reference temperature RG 1.190 and have NRC
Guide when izsued). ' Provide references (ART) calculation. approval for use with this
: LTR.
The Reactor Vessel Briefly describe the Provide the surveillance See Appendix A of
Material Surveillance | surveillance progsam. capsule withdrawal Template PTLR included
Program shall comply with | Licensee transmitta] letter schedule, or reference by inn Appendix B of this
Appendix H to 10 CFR Part | should identify by title and title and number the LTR. )
50. The reactor vessel number repoit containing the | documents in whick the
material firadiation Beactor Vessel Surveillance | schedule is located.
surveillance specimen Program and sarveillance
removal schedule shall be capsitle reports.
provided, along with how Topicaligensric report
the specimen examinations | confains placeholder cnly.
shall be used to update the | Reference Appendix H to 10
PTLR curves. CFR Part 50.
Low temperature Desciibe how the LTOP Provide setpoint curves or | Not applicable for BWRs.
overpressure protecion system limity are sefpoint values.
(LTOP) system limits calculated applying
developed using NRC- system/therms} hydranlics
approved methodologies and fracture mechanics.
may be included i the Reference SRP Section
PTLR. 5.2.2; ASME Code Caze
N-514; ASME Code,
Appendix G, Section XI as
applied in accordance with 10
CFR 50.33. :
The adjusted reference Deseriba the method for Tdentify both the hmiting See Section 2.3 of this
temperature (ART) for calculating the ART using ART values and limiting LTR.
each reactor beltiine Regulatory Guids 1.99, materials at the 1/4t and
material shall be calculated, | Revision 2. 3/4t locations (t = vessel
zccounting for imadiation baltline thickness).
embritilement, in
zccordance with Begulatory
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Table 1-1: Summary of GL 96-03 PTLR Methodology Requirements (concluded)

PROVISIONS FOR APPLICABLE
METHODOLOGY MINIMUM MINIMUM SECTION OF LTR
FROM ADMINISTRATIVE REQUIREMENTS TO REQUIREMENTS TO WHERE
CONTROLS BE INCLUDED IN BE INCLUDED IN REQUIREMENTS ARE
SECTION IN STS METHODOLOGY PTLR ADDRESSED
The limiting ART shali be | Describe the application of Provide the /T curves See Sections 2.3 and 2.4 of
incorporated into the fracture mechanics in for heatup, cooldown, thiz LTR.
calenlation of the presmme | construeting P/T curves enticalify, and hydrostatie
and temperature limit based on ASME Code, and leak tests.
curves in accordance with | Appendix G, Section XI, and
NUREG- 0800, SRP SKP Section 5.3.2.

Section 5.3.2, Pressure-
Temperature Limits,

The miniroum temperature | Describe how the mimmum Idext:fy mintmum See Sections 2.7 and 2.8 of
requirements of Appendix | temperature requirements temperatures on the P/T thiz LTR.
G to 10 CFR Part 50 shall in Appendix G to 10 CFR curves such as minimum
be ncorporated into the Part 50 are applied to P/IT boltup temperature and
pressure and temperature | curves. hydrotest temperature.
iimit curves. : :
. Licensees who have Desaribe how the data Provide supplemental dats | Ses Section 2.3 of this
removed twe or more from multiple surveillance and calculations of the LTR.
capsules shouald pare capsules are used in the ART | chemistry factor in the
for each surveillance calculation. Dascribe PTLR if the surveillance
material the measured procedure if measured value data are used in the ART
increaze m reference exceeds predicted value. caleulation.
temperature (RTyz) to the .
predicted increase i WHEN OTHER PLANT Evaluate the surveillance
RT.qy; where the DATA ARE USED data to determine if they
predicted increase in RTymy | meet the credibility
15 based cn the mean shift 1. Tdeutify the source{s) of | cntena in Regulatoy
in BTy plus the two data when other plant Guide 1.99, Revision 2.
standard  deviation value data are used. Provide the results.
(25,) specified in
Regulatory Guide 1.99, 2.2 Identify by title and
Ravision 2. Ifthe number the safaty
measured value exceeds the evaluation report that
predicted value (increase in approved the use of
RTyqpr + 20), the licensee data for the plant.
should provide a Justify appliczbility.
supplement to the PTLR 0 | OR
demonstrate how theresults [ 2b  Compare licensee data
affectthe  approved with other plant data
methodology. for both the radiation
) exvironments {e.g.,
neutron spectriim,
irradiation tesperaturs)
and the surveillance test
sesults.
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2. Section 2.5, “Pressure-Temperature Curve Generation Methodology,” describes methodologies
Jor colculating bending and membrane sivesses using computer code finite eloment analyses
(FEA). Ifihese FEA are to be utilized by licensees to develop pressure-temperature (P-T} limits,
provide the ﬁ:Howmg:

a. Identify the computer codes that were used in the finite element stress analysu How
were the codes benchmarked?

b. Discuss briefly the assumpfions and the inpuis fo the siress analysis.

¢. Update the TR methodology to require licenseos to identify the finite element codes used
in the PTLR.

d. Ferific that this process for determining bending and membrans stresses will result in the -
generation of P-T limits that ave at least as conservative as those which would be
generated using the procedures of American Society of Mechanical Engineers Boiler and
Pressure Vassel Code (ASME Cods) Section X1, Appendix G.

RESPONSE:
_ In response to RAI Items (a) through (<), the following text will be added to Section 2.5 of the TR
(i.e., prior to Subsection 2.5.1):

“In the subsections that follow, finite element analysis is discussed as 2 possible approach for
providing the necessary stress analysis for RPV regions. If finite element analysis is utilized to
develop P-T limits for any RPV region, the following information shall be provided in the PTLR:

2. Identify the consputer code(s) that were used in the finite element stress analysis.

b. For any computer codes used, describe how the code(s} were verified or benchmarked.
Computer code verification shall be in accordance with a qualified 10 CFR 50
Appendix B Quality Assurance Program. As a part of computer code verification,
benchmarking consistent with NRC GL 83-11, Supplement 1 [17] shall be included.

¢. Identify the assumptions and the inputs to the finite element apalysis. Necessary inputs
to the analysis include any or all of the following:

» A description of plant operating conditions used (e.g., pressure and
temperature). The conditions used must represent cument plant operating
conditions.

» A description of the heat transfer coefficients used and the methodology used
to calculate them. '

+ A description of the model developed, including materials, material properties,
finite elensent mesh pattem, and geometry.”

New Reference 17 (references will be re-numbered, as identified i in the response to RAINo. 3
below} will be added to Section 4.0 of the TR as follows:

®17." U.S. Nuclear Regulatory Commission, Generic Letter 88-11, Supplement 1, “Licensee
Qualification for Performing Safety Analyses,” June 24, 1999
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For ltem (d), refer to the response to RAI No. 3 below, where the linearization techniques have
been removed and replaced with polynomial fit techniques that are consistent with current ASME
Code, Section X1, Appendix G methodology.

3. Section 2.3.3, “Thermal and Pressure Stress Intensity Factor Calculations for Discontinuity
Regions, " indicates that the thermal siress intensity faciar, Ky, for P-T limits for nozzies is
dependent upon the membrane correction factor for an inside surface axial flaw and the thickness
(t}. The thickness term is not defined. Define the thickness to be used in determining the
membrane correction factor for the K, analysis for nozzles. '

RESPONSE:
Starting on page 2-20 of the TR, replace the entire "Non-Belﬂme Region™ section with the
foliowing. This replacement text is considered to provide further detsil and clarification that
responds to the RAT [quotation below concludes on page 8]:

o, ;
P-T limits for the non-beltline region are intended to encompass and bound all locations outside
of the beltline region {excluding the bottom head, if it is evaluated separately). The non-beléline
regions are defined as all RPV locations with fluence values less than lxlO*’ niem® (€ > 1 MeV).
Typically, the limiting location outside of the beltline region is the feedwater nozzle, where
stresses are highest due to the most severe thermal transients. However, determination of the
limiting location mmust also consider the material RTypr. In many cases, a worst-case assumption
of feedwater nozzle stresses and the highest RTypy of all locations outside of the beltlme region
{excluding the bottom head region, if it is evaluated separately) is used. In addibion, the flange
requirements discussed in Sections 2.7 and 2.8 are also applied to the non-belthne region P-T
limits. Based on this reasoning, the discussion that follows is based on stresses determined for
the feedwater nozzle.

The stress intensity factors for the feedwater nozzle may be calculated using the results of a
detailed finite element model of the nozzle. In some cases, such results may already be available
from the governing design basis siress report for the feedwater nozzle. The detsils of the finite
element process are not included here; rather, the extraction of the appropriate finite element
results and their use in developing P-T limit curves is discussed.

For a path through the limiting nozzle inner blend radius corner, as shown in Figure 2.7, the
thermal and pressure hoop stress distributions should be extracted from the finite element model.
Each of the stress distributions should be fit with a third-order polynomial that reasnnabhf fits the
calculated stresses in the region of mterest.

The thermal stress intenzity factor, Ky, is computed based on the nozzle comer solution shown in
Figure 2-8 for a postulated 1/4¢ (based on the section thickness) axial defect, as follows:

Ky J“{07(}6Cm+0337(2 )ch+0445{ }c,t+039 -‘E—}ch} (25.1-15)

where: Ky = the thermal stress infensity factor for the hmmng
normal/upset wansient (ksi Jinch )
a = 1/4i postulated flaw depth (inches}
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t = thickness of the cross-section through the limifing nozzle
inner blend radius corner, as shown in Figure 2-7.
thermal siress polynomial coefficients based on fits to
finite elerent analysis.

Ca, Cir, G Ca

The allowable pressure stress intensity factor, Ky, for a postulated 1/41 defect is defined in ASME
Code, Section X1, Nonmandatory Appendix G [5] as follows:

Kg = (K5 - Kp} / SF (23.1-18)
where: Ky = the allowable siress intensity factor caused by pressure
stress (ksi~finch y
Ki = the lower bound of static fracture toughness as a

function of the coolant temperature, T, and the imiting
RTypr for all non-beltline locations (exchuding the
bottom head region, if it is addressed separately} from

Equation 2.4-2 (ksi ViOclt

the thermal atress intensity factor (ksiV inch 3

Notz that the Theymal stross itenaity fuactor i neglected fi.e, Ky = 0f
Jor developing the inservice hydrosiatic and leak tesz P-T curve since
the Ryvdrostaric feak rest is performed ot or near isotharmal
conditionz (typically 25°F/hr or ies3).

safety factor

2.0 for Level A and Level B service himts (1.e, for core
not crifical Curve B and core critical Curve C)

1.5 for hydrostatic and leak test conditions when the
teactor core is not critical (i.e., for Curve A}

Z

5F

The applied pressure stress intensity factor, Kipogies. 13 computed based on the nozzle comer
solution shown i Figure 2-8 for a postulated l[ét {based on the section thickness) axial defect, as
follows:

-

K’Ip_mmﬂ =47

0706 Cy, +053’? e 019*044{““}6’9‘039 M}Ch} 2.5.1-17)

where: Kpamiea = . the applied pressure stress intensity factor
. (ksi<inch )

a = 1/4t postuiated flaw depth (mches)

t = thickness of the cross-section through the hmiting
nozzle inner blend radius corner, as shown in Figure
27

Cog. Cip. Cop. C3p= pressure stresg polynmizial coefficients based on fits

to finite element analysis.

The allowable presaure, P, for a 1/4t postulated limiting (axial) defect is defined as follows:
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Poitoe = (B P) / Kypopis : 2.5.1-18)

where: P,m,; = the allowable internal pressure (pst)
Ky =  the allowable pressure stress intensity factor (ks inch )
P = the operating pressure (psi) ‘
Kipergiina = the applied pressure stress intensity factor (ksi +/tnch )”

The ﬁgures below will be added as new Figures 2-7 and 2-8 of the TR.

w“—‘"\

< . \\

v 7

Figure 2-7: Nozzle Thickness Defmition
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SIMULATED 3-D NOZZLE CORNER CRACK
Figure 2-8: Stress Intensity Factor Solution for a Nozzle Comer Crack

Consistent with the above changes, the following changes will be made to replace the text stariing
with the paragraph at the bottom of page 2-13 of the TR that begins, “The secondary linear bending
(Tw) and constant secondary membrane {Cu) sfress...”, continuing on page 2-14 through the end of
the “Closed Form Solution Method™:

“The thermal stress intensity factor, K, for the thermal hoop stress distribution calculated from

Equation 2.5.1-4 can be calculated at any specified time during the cooldown for a 1/4t inside surface
defect using the following relationship:

K = (1.0359C, + 0.6322C; + 0.4753C, + 0.3855C;) Jra (2.5.1-6)

where the coefficients Co, C1, G, and C; are determined from the thermal stress distribution
at any specified time during the cooldown using the following form:

T(x) = Co + Ci(x/a) + Ca(x/a)’ + Ca(x/a)’ (5.1
where: X = the radial distance from the inside surface to any
point on the crack front (inches)
a = the maximum crack depth (inches)”

Finally, with the above changes, existing Equations 2.5.1-7 through 2.5.1-18 of the TR will be
renumbered accordingly, Reference {14] will be deleted, and the remaining references will be
renumbered accordingly.
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4. Section 2.5.3 indicates that the thermal sivess intensily factor, KIt, for P-T limits for nozzles is
dependent upon the corvection fuctor, R This corvection factor is used to corvect the nonlinear
effects in the plastic region based on the assumptions and recommendations of Welding Research

. Council (WRC) Bulletin 173, "PVRC [Pressure Vessel Research Committeg] Recommendations
on Toughness Regquirements for Ferritic Materials.” Dascribe how the methodology for
analyzing nozzles IEquatwns 2.3.1-15 through 2.5.1-18) complies with WRC Bulletin 175.

RESPONSE:
The following identifies how each of Equations 2.5.1-15 through 2.5.1-18 of the TR complies
with WRC Bulletin 175:

Equation 2.5.1-15 is derived from Equatior 5-4 in WRC Bulletin 175,

Equation 2.5.1-16 is derived from Equation 4-4 in WRC Bulletin 175, with incérparation of the
safety factors discussed in Section 4.E of WRC Bulletin 173.

Equation 2.5.1-17 is derived from Equation A5-1 in Appendix 5 of WRC Bulletin 175.

Equation 2.5.1-18 calculates the allowable pressure as a ratio of the previously calculated
parameters. Since the operating pressure, P, is directly proportional to Ky ;s (from Equation
2.5.1-17}, it follows that the allowable pressure, Py, is directly propcmwna] to the allowable
pressure stress intensity, Ky, (as calculated in Equation 2.5.1- 16).

5. Section 3.0, "Step-By-Step Procedure for Calculafing P-T Limit Cwrves,” indicates that P-T limits
may also be developed for other reactor pressure vessel regions to provide additional operating
flexibility. Either delete this statement from the PTLR methodelogy or provide the methodology
Jfor developing curves for the other regions and indicate that licensaes will submit for review and
approval methodologies for othgr regions that are not consistent with methodology discussed in
the PTLR methodology.

RESPONSE: v
The sentence of the TR in question will be revised to state:

“P-T limit curves may also be developed for other RPV regions to provide additional operating

flexibility; however, for RPV regions other than those defined in Section 2.0 of this report,
licensees are required to submit methodologies to the NRC for review and approval prior to use.”

SIR-05-044-A, Rev. 0 , C-15



6. Section 3.0 does not indicate surveillance data is to be evaluated in accordance with Appendix A4,
"Guidance for the Use of BIFRFIP [BIVR Fessel and Internals Project] ISP [Integrated
Surveillance Program]j Surveillance Data.* Section 3.0 should be revised to indicate
surveillance data is to be evaluated in accordance with Appendix 4.

RESPONSE:
A new Step (a) will be added to Section 3.0 of the TR as follows:

“a. Evaluate surveillance data in accordance with Appendix A of this report.”

The previously defined steps will be re-labeled as Steps (b} through (i).

~

Pages A-8, A-9, and 4-13 of Appendix 4, state: "Revised best estimate chemisiries for selected
BYWR welds and plares have been calculated by the BWRVIP. Calculation of the best estimate
chemistries for all other vessel materials is the responsibility of the plant.”

In order for thiz procedure to be utilized in the PTLR methodology, the staff must review the
procedurs for determining the best estimate chemistries for all beltline materials and the resulfs
from the data. Therefore, the PTLR mathodology must be revised to document the BIWRVIP
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 PTLR methodology will not be used in the PILR process.

RESPONSE: .
The note on pages A-8, A-9, and A-13 of the TR will be revised to the following:

“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 [A-1].
Calculation of the best estimateé chemistries for all other vessel materials should be determined in
accordance with the NRC practice documented in Reference {A-7]. The suggested practice is
documented in guidelines eontained in BWRVIP-135. This evaluation is the responsibility of the
plant, must be described in the PTLR, and must utilize NRC-approved methods.”

Nevaeferem;e A-7 will be added to Section A 3 of the TR as follows:
“A-7. “Generic Letter 92-01 and RPV Integrity Assessment — Status, Schedule, and Issues,”

Presentation by K. Wichman, M. Mitchell, and A. Hiser at NRC/Indusiry Workshop on
RPV Integrity Issues, February 12, 1998.”

10
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8. Appendix 4, Procedure I, Procedural Step 3, “Determine Credibility of Surveillance Data,™

states: "If the vassel wall temperature is an outlier, appropriate temperaiure adjusiments to the
surveillance data may be requived.”

In order for this procedure fo be utilized in the PTLR methodology, the staff must review the
procedure for determining the adjustments to the surveillance data. Therefors, the PTLR
methodology must ba revised io document a proposed procedure for adjusting the surveillance
data if the vessel wall temperature is an outlier. If the adjustments to the swrveillance data are
not performed in accordance with the approved procedure, then the PTLR methodelogy should
indicate that the PTLR methodolegy will not be used in the PTLR process.

RESPONSE: .
Appendix A, Procedure 1, Procedural Step 3(b) of the TR will be revised ag follows:

“b. If the vessel wall temperature is an outlier, appropriate temperature adjustments to
the surveillance data may be required. An appropriate temperature adpmstment is a
1°F degree incresse in SR Typr per 1°F decrease in fradiation temperature {A-7].
Alternatively, the temperature adjustment can be deternnned using appropniate NRC
guidance. Any temperature adjustments shall be identified and described in the
PTIR ~ . : : .

Id

9. Appendix A, Procedures I and 2, "Definitions and Background,” states: "For generic valuss [of
Initial RT el of weld matal, the following generic mean values must be used unless justification
Jfor different values is provided...”

In order for other generic values of Initial RTyyy to be utilized in the PTLR methodology, the staff
maist review the procedure for determining the best estimate Initial RT gy Thergfore, the PTLR
methodology must ba revised, gither explicitly or by referencing a previously approved
methodology, to document the BWRVIP procedure for determining the Initial RIyyy If the Inifial
BTy aive not performed in accordance with the approved procedure, then the PTLR
methodology should indicate that the PTLR methodology will not be used in the PTLR process.

RESPONSE: '
The two paragraphs of the TR (pages A-5 and A-11) noted in the RAI will be revised as follows:

“Imitial RTuypr is the reference temperature for the unirradiated material as defined in Parspraph
NB-2331 of Section I of the ASME Boiler and Pressure Vessel Code. Some plants have
measured values of initial RTypy; other plants use generic values. For genenic vahues of weid
metal, the following generic mean values must be used: 0°F for welds made with Linde 80 flux,
and -36°F for welds made with Linde 0091, 1092, and 124 and ARCOS B-3 weld fluxes [A-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 idenfified in the PTLR."

11
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10. Appendix A, Procedure 1, Procedural Step 3, identifies information that the licensee should
raview to determine whether the data is "credible” or "not credible”.

- In accordance with Regulatory Guide (RG) 1.99, Revision 2, “Radiation Embriitlement of
Reactor Vessal Materials,” the following criteria should also be evaluated:

a. Scaifer 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 temperanire and the upper-shelf enargy unambiguously.

b. When thera are two or more seis of surveillance data from one reactor, the scatter of
ART gy values about a best-fit ling drawn as described in Regulatory Position 2.1
rormally should be less than 28°F for welds and 17°F for base metal. Even if the flusnce
range is large (two or more orders of magnitude), the scatter should not exceed iwice
those values.

These criteria should be added to Procedure 1, Procedural Step 3, of Appendix 4.

RESPONSE: :
The following two steps will be added to 10.  Appendix A, Procedure 1, Procedural Step 3 of
the TR: :

“d. Scatter in the plots of Charpy energy versus femperature 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 unambiguonsty.

e. When there are two or more sets of surveiilance data from one reactor, the scatter of
ARTypr values about a best-fit line drawn as described in Reg. Guide 1.99 Rev. 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 magaitude), the scatter
should not exceed twice those values. Even if the data fail this criterion for use in ¢hift
calenlations, 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.”

12
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11. To ensure that the P-T limits have been developed using the TR methodology, the following
information should ba included in the PTLR:

a. The Initial RTypy for all reacior pressure vessel materials and the method of determining
the Initial RTyey (ie., ASME Code, Generic Communication, Branch Technical Position -
MTEB 5-2 in Standard Review Plan 5.3.2 in NUREG-0800, or other NRC-approved
maethodologies),

b The chemistry (weighi-percent copper and nickel) and adjusted reference temperature at
the 1/4 thickness location for all beliline materials, and

¢. The compufer codes used in the FEA to determine for calculating bending and membrane
stresses from Section 2.3.

d. Identify whether "Procedure 1” or "Procedure 1" was wiilized to evaluate the
surveillance data. If surveillance data was utilized, provide the surveillance and the
analysis of the surveillance data that was used to determine the adjusted reference
temperaturs, ART. If surveillance data was not utilized, state why it was not utilized.

RESPONSE:
The following will be added fo the end of Section 2.3 of the TR to address items (a), (b), and (d)
of the RAL For Item (¢}, refer to the response to RAINo. 2: '

*The following information should be included in the PTLR with respect to the ART calculations:

a. The IRTxpr for all RPV matenals and the method of determining the IRTxer (i.e., ASME
Code, Generic Communication, Branch Technical Position MTEE 5-2 in Standard
Review Plan 532 in NUREG-0800, or other NRC-approved methodologies).

b. The chenmstry {weight-percent copper and nickel) and ART at the 1/4t location for all
beltline matenials. :

c. Identify whether "Procedure 1" or "Procedure 2" from Appendix A was utilized to
- evaluate the surveiliance data. If surveillance data was utilized, provide the surveillance
and the aralysis of the surveillance data that was used to determine the ART values. If
survetllance data was not utilized, state why it was not utilized.”

The following will be added to Section 5.0, Discussion, of the Template PTLR in Appendix B of
the TR to address the four items requested in the RAL

“The initial RTypr, the chemistry (weight-percent copper and nickel) and adjusted reference
temperature at the 1/4 thickness location for all RPV beltline materials significantly affected by
fluence (Le., fuence > 10% n‘em’® for E = | MeV) are shown in Table 7 for SSES-1 and Table 8
for SSES-2. The initial RTypr values shown in Tables 7 and 8 were developed using the :
procestures of Branch Technical Position MTEB 3-2 in Standard Review Plan 5.3.2 in NUREG-
0800, and they have been previously approved for use by the NRC [6-6].

For SSES-1, limiting RPV plate C-2433-1, BWRVIP “Procedure 1" was utilized since the heat ‘
number of this material is identical to the heat number of the BWRVIP ISP Representative
Material. Surveillance data was not used in the evaluation procedure since there are not yet two

13
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or more credible dats sets available for this material. For limiting RPV weld 494K2351,
. BWRVIP “Procedure 2" was utilized since the heat number of this material is different than the
heat number of the BWRVIP ISP Representative Maierial. Surveillance data was not used in the.
. evaluation procedure since there are not yet two or more credible data sets available for this
material. Therefore, Regulatory Guide 1.99, Revision 2 chemistry factors were used in the
determination of the ART values for all materials for SSES-1.

For SSES-2, limiting RPV plate C-2421-3, BWRVIP “Procedure 2” was uiilized since the heat
mumber of this material is different than the heat number of the BWRVIP ISP Representative
Material. Surveiilance data was not used in the evaluation procedure since there are not yet fwo
or more credible data sets available for this material. For limiting RPV weld 624263, BWRVIP
“Procedure 2” was utilized since the heat number of this material is different than the heat
number of the BWRVIP ISP Reprezentative Material. Surveillance data was not used in the
evaluation procedure since there are not yet two or more credible data sets available for this
material. Therefore, Regulatory Guide 1.99, Revision 2 chemistry factors were used in the
determination of the ART values for all materials for SSES-2.

The only computer code used in the determination of the SSES P-T curves was the ANSYS
(Version 4.4) finite element computer program for the feedwater nozzle (non-beitline} stresses.
This program was controlled under the vendor’s 10 CFR 30 Appendix B Quality Assurance
Program for nuclear quality-related work. Benchmarking consistent with NRC GL 88-13,
Supplement 1 was performed as a part of the computer program verification by comparing the
solutions produced by the computer code to hand calculations for several problems. The
foliowing inputs were used as input to the finite element analysis [Editorial note: The following
items must be included on a plant-specific basis]:

=  Plant operating conditions must bs listed here. These conditions reprasent
curvent plant operafing conditions.

s Hgat iransfer coefficienis must be listed here. These values were developed
using conventional heat transfer methods for forced convection flow on a
vertical flat plate. : . v

« A description of the finite elemen: model must be listed here, including
materials, material properties, finite element mesh pattern, and geometry.”

The following reference will be added to the Template PTLR:

“6.6  NRC approval letter for IRTymy values. [Editorial note: The appropriate plant-specific
reference i3 to be included hera J”

The tables below will be added as new Tables 7 and 8 in the Template PTLR.

14
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Table 7: SSES-1 ART Calculations for 32 EFPY

i

S

BO

Eattmates Chamistry try Agjuatments For 144t
Part Hams 3. Lot mitsl R Factor | ARTyor [Margin Tarme ARTwer
Matertal #o. {*F) Cuwts)|miwt%)|  eR 7)) |o. CRilo{FY] EFPY | £F)
Cowar Sheti 81 -5 0H 048 257 | 431 | 0O | 320 | 485
Lawer Shet #2 285 | 142 | oo | 320 | We

‘il Thickneas {ncnes) Fiuencs atiD Attsnuation, 14t Fiuenna @ 18 Fivence Faclor, FF
Location Fu U8 EFPY {nemy i ¥ oI aiest

Lover Shek#t £.160 1.540 3200 FECEXT 0.€9¢ SABEMT #2386
Lover Snekn2 £.160 1.54C 3280 TEDEMT 0.63¢ SEEMT £.288
La?.\erS?Eﬁ#l 5.1§E1 !,542 32.00 7.5_0_5%17 0.63¢ SJ%EHT $.238
Laver-rt. Shet ¥l £.160 1540 3280 9.20E+17 0.69% B.IEH1T 433
Lowar-vL Shet#2 E.150 1540 60 QIZDE#1T 0.4t B3EEH1T 833T
Lower-ok Shel#3  £.180 1540 3200 9.20E+17 0.9t BAEEHT 8332
Wed %9 [T 13540 szon GIDESTY 0.65¢ ESEEHT 2.33%
Wed #2 €150 1540 3280 9.20E+17 0.691 BIREHT 833z
Wed $3 £.160 1540 3260 8.20E417 0691 EIEEH1T 8332

Nofes: 1. Matestal ang fusnce irformation z4en from GE Report Mo, GENE-522-169-1202, "Susguananna Stzam Elecinc Siation Uk 1 Vesss!
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Suverbines katenals Tesling ans Fracture Toughness Anysls,” Mareh 1993, Taie 7-3.
Picte hres Tatze 7 has & typugrasvionl enoe o Heek Ko, CORGI; e ¥ NRC AVID dabadass and Totke 3¢ of the GE Repat )
2. The caiouions shoem In ihis i3t are not for design use, as they uilze cuidated fuence resuts. These
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Table 8: SSES-2 ART Calculations for 32 EFPY

Lower Shep &3

Fluance rformation:

21-3 6C1683-1-1
R

Rl
828815
... 524265 1 E

hiid

0.58

Estimalsd Chemialry € try Adjustments For 18t
fart Hame 5 0] Heat Lot it R xgy Factor | ARTyer |Margin Teoma ARTper
Materia No. - No. No. P°F} cutwt%j|Mpwini] R 7)o tFscRl] EFRY | pR)
Lower Sogk#1 2% | €£956-11 = 23 [T} 055 735 201 | 21 | 00 | %0 | 2
Lover SheRR2 -2 | 6c980-14 - 28 0.0 0.56 650 178 | 89 | oo | 1o | 156

320

Wal Thickngaa {inchas) Flusnce st 1D Altersuzation, 14t Fluance 4% 1iat Fiuance Faclor, FF

Locstion Ful 11 EFPY {njcar’y e _inem’ [ aninui)
Lover SHEEF £166 1,540 3200 6.40E+17 0631 34ZEHTT 0274
Lower Sheps2 £.160 1526 3200 6.40E+17 0.0t A20EHT 28274
Lower Sheb B3 £150 1540 370D 5.40E+17 0.691 4428417 8774
Loveer-ol SHERB1 . BAE0 . 1540 3260 FEGESTT TEt SACE4T? 8,305
Lowerit Stk 6160 1540 3200 7.80E#17 0.69t SALEHI7 0,305
Lower-bt Sneks3  £.160 1540 3200 7.80E#17 0.691 5355417 0.305

Ve 51 BABD 1540 3760 FECES1T 0.E91 SACERT B.305

e ez £.160 1540 3200 7.80E#17 0.9t 535E417 o305

wen el £.150 1540 3200 7.80E#17 0.691 SICEHT 5305

Nofiss: 1. Material and Suerce Inematon inenfrom: GE Report No. GE-NE-622-107-0353, Revslon 1, "Susquenanna Steam Eiecide Siahon Ut
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